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ABOUT THIS BOOK

This book 1s complete except for irrelevant chapters such as: Rela-
tion of Chemical Industry to Chemical Warfare, International Situation,
Chemical Technigue and Tactics of Cavalry, Military Organization for
Chemical Combkat, Chemical Technigues and Tactics of Air Corps, etc.

Also left out was the extensive bibliography and hundreds of foot-
notes referring to books long out of print and generally unobtainable.
For the most part, their subject matter concerned the historical record
of the use of toxic substances in World War One and would have been of

no use nor of any interest to one contemplating the making and use of
chemical warfare substances 1n our time.

L1

ABOUT TABLE IV.-—PROPERTIES OF CHEMICAI, AGENTS

_ The griginal chart was a large foldout of 14 by 28 inches. This was
impractical to reproduce in the present format. However, the 25 substan-
ces and their characteristics have have been reproduced on the following
S1X pages. For ease 1n following the chart, the substances have been
numbered. To follow the chart, simply pick the substance of interest and
follow its number across the chart, page by page.

PREFACE

The three outstanding developments of the World War were the
military airplane, the combat tank, and chemical warfare. Each of these
new instruments of war made its appearance on the battlefield at about
the same time, each exerted an important influence in shaping the charae-
ter of modern eombat, and each is destined to play an even greater role

in future warfare,

Since the World War, all nations have actively pushed the develop-
ment of these new arms and mueh has been written concerning the first
two—military aviation nnd mechanization—both in this country and
abroad. But, for reasons not altogether clear, the literature of chemical
warfare has not kept pace with its development since the war, although
much has been done during the past few years in the principal countries
of Europe to supply this deficiency. The dearth of publications on

chemical warfare in this country is truly remarkable, considering the
position of the United States among the industrial nations of the world,
and particularly in view of the phenomenal growth of its chemical
industry during the past fifteen years,

With the exception of one book by General Fries and Dr. West,
which appeared in 1921 and was largely a narrative account of the
Chemieal Warfare Service in the World War, and one or two books
eoncerning certain phases of gas warfare, no authoritative texts on chemi-
cal warfare have appeared in this country, despite the European literary
activity in this field in the past few years.

There is perhaps no military subject that is so little understood and
so much misrepresented as chemieal warfare. During the late war it
suffered much vilification and abuse which was not only wholly without

Continued on page 176
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Table IV. Puorerries or CHEMICAL AGENTS (See also page 174)

Lowest irritant

concentration,
Agent, Chemical CWB8. Physiclogical Taotical Persistency Persistency rmg. per liter
cOmmon name name symbol classification claseification (eummer) {winter) ; W: per
ou. ft.,
10 min. a:pmure
Bromacetone...........| Bromacetone BA Lacrimator Harruesing ngent [ 1to2hr.inopen; | 2 days In open; 0.00158
{CH.COCH\Br) 3 hr, in wooda T days in woods
(1)
Brombensyl cyanide | Brombensyl o n.mi:lla CA Lacrimator Harrassing agent | 3 days in open; | Beveral weeka 0.00015
{French: Ga.::mte]{ 2 )[ (CoeHisCHBrC T days in woods
IChlorucetophenone. . .. .. Phenyl chlormethyl |CN Lacrimator Harrassing sgent | Bolid for days; | Beveral weeks in 0.0003
ketone burning mix-| solid; burning
(CsH:COCHCl) ture, 10 min. nu:t,ura 10 min.
(Chlorine............... Chlorine (Cly) Cl Lung injurant Casunlty ngent 5 win. in open; | 10 min, in open; 0.029
’ ¢ ' & 20 min.in woods | 1 hr. jo wouds

Phosgene. . ............ Carbonyl chloride CG Lung injurant Casualty agent 10 min. in open; | 20 min. in open; 0.005
(COCls) 3 min. in woods | 2 hr, in woods

Diphosgene. . .......... H'I ‘richlormethylchloro- | German | Lung injurant Casunlty agent 15 min, in open; | 30 min. in open: 0.005
fﬁarmnn: Perstoff) furmate (diphosgene) | Green 60 min.inwoods | 3 hr. in woods
French: Surpolite) (C1C00CCL) Crosa
(6)
Chlorpierin........ « .| Trichlornitromethane | PS Lung injurant and | Casualty nagent| 1 hr. in open;| 12 br. in open ; 0.009
{vomiting gas) (ClaCNO3) lacrimator and trhu.rruﬂmg 4 hr. in woode week in woods
agen

Ethyldichlorarsine...... Ethyldichlorarsine ED Lung injurant, ster- | Casunlty agent|{1to2hr.ino pen; | 2 to4 br. in open; 0.001
{(German: Dick) (Cz2 jAnCls) nutator, and veei-| and herrassing| 2 to 6 br. in| 12 hr. in woods
cant agent woods
(8)
Hydrocyanic aeid....... drocyanic acid French | Systemio toxic Casualty agent 5 min. in open;| 10 min. in open; 0.020
{ {ﬂ 4 10 min.inwoods | 1 Lr. in woods
(9)
Cyanogen chlonde...... am:&eu chloride French | Systemic toxic Cusually agent 10 min. in open; | 20 min. in open: 0.0025
(V 4B 20 min. in woods | 2 hr. in woods

(10)

Mustard. . ............. Bg Dlthlﬂrﬁthﬁl sul- | HY Vesicant Cosualty agent 24 Lr. in open; | Several weeks 0.001
fide {(CICH:CH )15 1 week in woods | hoth in  open
and in woods

Lewisite, . . ....... ca-eot 8 Chlorvinyldichlor- | A1-1 Vesicant Casunlty agent {24 hr, in open:| L week 0. 0008

ATEING 1 week in woods
(CICH :CHAaCls)

(12)

Methyldichlorarsine. ... | (CH:AsCla) MD Vesicant and lung | Casualty agent 1 br. 2to 3 hr, 0. 002
{German: Methyldick) ieritant
(13)
Diphenylchloraraine, . Dghe;:ylthlnmume DA Respiratory irritant | Harrassing agent | 5 min. by H.E. | Bame as summer 0. 0005
1P German: Clark 1) Hs)eAsCl (sternutator) detonation; 10
min. by candle
(. 14 )| dissemination
iphenylcyanarsine . Diphenylcyanarsine CDA Respiratory irritant | Harrassing agent | Same as DA Same as DA 0.0001
Fﬁernln-!l Clark 1 l 5 ({CeHi):AsCN) {sternutator)
Adameite.............. Diphenylaminechlor- | DM Respiratory irritant | Harrassing agent | 10 min. in cpen { 10 min, in open 0. 00038
araine (sternutator) from candles froun candles

( 1 El) (CeHqy) s NHARCI

Crude oil.. . ......... .+| Mixture of paraffin | CO None Screening ngent | While source s | Same as summer | None

bydrocarbona operating plus
( 17 )i & min.

White phosphoruas. ...... White hcsphorus | WP None Screening agent | Depends  upon [ Same as summer | Smoke jcritation
(P4, yellow phos- end incendiary | aise of burning negligible
phorua agent ?artmle u!-ua.lhr

min. or less

( l B ) in open
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Intnlirnb_la Lethal
concentration, concentration, " Y . Densit
mg. per liter mg. per liter Melting Boiling #'ué#}];:.lty. pl."ﬂ:ﬂ-p'lf:ﬂ. ks d'"?._it"" of soli Solvents
Or OS. per OF 0. per point point (B8°F) 20°C, compare 20°C for
1,000 cu. ft., 1,000 cu. ft., ' (6B°F".) to wir (68°F.)
10 min. exposure 10 min. exposure
L. _ ____ _ . [ e | e —
0.010 3.20 - M°0., 135°C. Thos. | 9mm. Hg 4.7 1.60 Fate end organic sol-
{—65°F.) (275°F.) 1,000 cu. ft. air vents
|
(1) |
10 min, exposure, | 3 min, exposure, 25°C., 225°C. 0.13 os. 0.0112 mm, 6.6 1.47 Chlorbenzene, chloro-
0.0008 0.0: 10 min. ex-| (7T°F.) (437°F.) 1,000 cu. ft. air Hg | form, PS8, cG
{ 2) posure, 4.5
10 min. exposure, | 30 min. exposure, 59°C. 247°C. 0.10G oz. 0.013 mmm. 5.2 1.30 Chloroform, P8, ethy-
0.0045 0.34; 10 min. ex-| (138°F.) (476°T.) 1,000 eu. ft. air Hg lenedichloride, mono-
posure, 0.85 chloracetone
10 min exposure, | 30 min. expoaure, - 142°C. -— 3-.‘-.'5?(-_'.';. 19,369 os. 4 5893 mm, 2.6 1. 46 G, P8, CCL
0.10 2.53: 10 min, ex- |—-(182.5°F.) |  (—28.5°F.) 1,000 cu. ft. air* | Hg
posure, 5.60
(4)
i0 min. exposure, | 30 min. exposure,| —118°C, 8.2°C. 6,370 os. 1,180 mm. 3.6 1.38 |Cl end P8
0.020 0.36; 10 min, ex- | (=~190°F.) (46.7°F.) 1,000 cu. ft. airt | Hg
posure, 0.50
(5)
10 min. e.posure, | 30 min. exposure, | —S87°C. 127°C. 120 os.  ]10.3 mm. Hg 6.9 1.658 |CG, P8, DA
0.40 0.38; 10 min. ex- (260.6°F.) 1,000 cu. {t. air
posare, 0.50 (U.8.);
0.05 (Germany)
(6)
L0 min, exposure, | 30 min. exposure, | —69.2°C., 112°C. 165 os. 18.3mm. Hg 5.6 1.66  IChloroform, CG, chlo-
0.050 0.80; 10 min. ex- |{—02.4°T,) (231.5°F.) 1,000 cu. {t, air rine, C8y, CiHs
posure, 2.00 C:H.O
(7)
10 min. exposure, 0.01 | 30 min. exposure, | —30°C, 156°C. 100 ox. 5.0 mm. Hg G.5 1.70 Ethyl chloride
(causes sneesing) 0.10: 10 min, ex-| (—22°F.) {312°F.) 1,000 cu. ft. air
( 8 )I posure, 0.50
10 min. exposure, |30 min, exposure, | —15°C. 26™C. 873 os. 603 mm. Hg 0.93 0.75 |ASCl, BbCOq
0.030 0.150; 10 min. ex- (5°F.) (TO°F.) 1,000 cu, ft. air
{ 9 ) posure, 0.200
10 min. exposure, | 30 min, expoaure, ~B°C. 15°C. 3,300 o=. 1,000 mm. 1,98 1,22 (Organic solvents
0.005 0,120: 10 min. ex-| (21°F.) (59°F.) 1,000 cu. ft. air | Hg at 0°C,
( 1 0 ] poaure, (.40
Eye-casualty concen- |30 min. exposure, | 14°C. 217°C, 0.625 3. 0,065 mm. 5.5 1.27  |Oils, P8, alvobol, car-
tration—1 hr. expo- | 0.07; 10 min. ex-{ (587°F.) (4322.6°F.) 1,000 cu. ft. air He bon tetrachloride
sura, 0.001 posure, 0.15
Minimum irritating | 30 min. exposure, | —18.2°C. 190°C. 4.50z. _ ]0.395 mm. 7.1 1.88 H5-PH, oils, alcohol
concentration, 0.048: 10 min. ex- {0°F.) {3T4°F.) 1,000 cu. 1L, air Hg
0.0008 posure, 0.12
(12)
1 min. exposure, 0.025 | 30 min. exposure, | B54.8°C, 132°C. 75 oz. 8.5 mm. Hg 1.85 Organic solvents
0.125; 10 min, ex- | (—66.6°F.) (269.8°F.) 1,000 cu. ft. air
posure, 0.75
(13)
10 miu. expoaure, |30 min. exposure, 45°C. 383°(. 0.00068 os. 0.0005 mm. | Practically no 1.4 Acetone, chluroform,
0.0012 0.60; 10 min. ex-| (113°F.) {720°F.) 1,000 cu. ft. air Hg vapor; all solid chlorpicrin
1 posure, 1.50 particles
(14)
10 min. exposure, |10 min. exposure, | 31,6°C. 350°C, 0.0015 0.0001 mm. 8.8 1.45 lDrTa.nis:. solvents,
0.00025 jl 5 ) 1.06 {91°F.) (6682°F.) Hg chloroform
3 min. exposure, 0.006 | 30 min. exposure, 195°C. 410°C, Negligit:le Negligible No vapor; dis- 1.65 Furfural acetone
.656; 10 min, ex-| (387°F.) (7T70°F.) seminated as
posure, 3.00 Decomposes solid
{ ]. 6 lowboiling point
None None - 302, 200°C. Negligible Negligible 0.8 Benzene, gasoline
(—3°F.) (392°F.)
(17)
Bmoke irritation neg- | Smoke harmless 44°C. 287°C., 0.1728 os. 0.0253 mm. | Vapor negligible;| 1.83 |Carbon disulfide,
ligible (111°F.) (549°F.) 1,000 cu, [t, air ilg dumlziiglmmted a8 ether, bensene
B 80,
(18)
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. Odor detectable o
Action on Btability on Action with Hydrolysia Odor at mg. per liter Physiological
metals storage water product in air Of O8. per action
1,000 cu. ft.
———— —— — S [ e sl L - — R —
Very corrosive to iron | Unstable in beat or | None None Pungent and 0. 0005 Vapor, severe lacri-

(1)

light

stifing

ro-
ten

mation; liquid,
durces blisters;
toxic

Yery corrosive toiron:
lead or enamel lined
shells required ( 2 )

Slowly decomposea

Blowly hydrolyses

HBr and various com-
poun

Like sour fruit

Irritates befors odor
ean be detected

Severe lacrimation
and nose irritation

Tarnishes steel Stabie None Not readily bhydro- |Inlow concentra- 0. 0002 Eye.and skin irrita-
slightly lyzed tione like apple tion

blossoms
(3)

None if dr%; vigorous | Siable in iron eylin- | A little dissolves | HCl; HOCIL: CIO, Pungent 0.0100 Burns upper respira-

corrosion if wet ders, if dry formi n;;i HCI1, tory tracts
HOC), and Cl10,
(4)

None if dr:iv vigoroue | Btable in dry steel | Hydrolysee rapidly | HCl; CO; Like ensilage; 0.0044 Burns lower lung sur-

corrosion if wet containers fresh-cut hay faces, causing edema
(5)

None if dry, corrosion | Btable in dry steel | Hydrolyzes slowly | C1CO;s: COs; HCI Disagreeable, 0.0088 Burns lower lung sur-

if wet containers suffocating faces, causing edema
(6)
Produces slight tar- | Btable forlong periods | Very slightly solu- | Hydrolyses with diffi- Sweetish, like fy- 0.0073 Locrimates: irritates
nish only in steel containers ble culty paper nose and throat:
Prnducgnl nausea lqd
ung uritation in
order a8 conceatra-
tioh lncreases
(7)

None Stable Hydrolysea alowly Ei-hérlnmnﬂuuu oxide | Biting, irritant 0.0010 Vesicant, 1§ sa power-
and HCIl (hydrolysis ful as HS; powerful
product ia poisonous aternutator; causes

I:: 8 ) if awallowed) paralysis of fingers

None except on cop- | Stable when mixed | Miscible, slowly de- | Ammonium eyanide | Like bitter 0.0010 Paralysis of central
per, il dry; corrodes | with strong acid and | composes almonds Rervous systein
all if wet ( g ) dissclved in solventa

None if dry; corrodes Unstable; atability in- | Blightly soluble HCIL; eyanurie acid 0.0025 Irritates eyes and
metals if moist creased when mixed lungs

( 1 0} with AaCl,
Nonea Stable in steel con- | Slowly hydrolyses | HCI and Li li 0.001 Dissol i :
tainers (HOCHICH )38 not | Mige S48  OF 3 lung tomue than of
toxie duces burna
(11)
Nons Stable in steel con- | Hydrolyses readily | HCI; Ml axide: Like geraniums 0.014 Dissolves in skin
tainers (CICH) (CHA®O); then gitint ' then burns snd liber-
very toxic ates Ml oxide which
l poisons body
(12)

None Yery atable Blightly soluble None 0.0008 Asthma, dyepnea;
lung injurant, skin
vesioant

(13)

Vigorous corrosion on | Blowly decomposes Blowly hydrolyses | HCl; Da Oxide (Da| 7. . " — e

ateel d oxide is poisonous if Like shoe polish 0-0003 Eﬂ::&ﬂi'ﬂ vomiting;
swallowed)
(14)

Yigorous corrosion on | Very stable None Nons Like i T TP
. garlic and 0.0003 Sneezing; vomiting:
iron and ntuel( 15 ) bitter almonds hudu.tﬂlu ¢

Very alight Stable in steel con- | Ineoluble, hydro- | HCI; DM oxide No pronounced | Almoat no odor to| Headache, nauses

tainers lf’iad with  diffi- EG'H‘:"'.NH*'.""]*D: n:rrl:'I average man, up to| violent a:me:iin;:. fol-
{ 16 ) culty M oxide is very 0.002 lowed by temporary
toxic if awallowed physical debility

None Very atable None None Blightly suffocat- | None Nons

( 1 7 ) ing

None Stable out of contact | None; stored under | Smoke in wir: phos-

(18)

with oxygen

water in concrete
tunks

ghnriu acid (H;PO,)

issolved in water

Like matches

Holid particle burns
Hesh;, wvapors wvery
oisonous, cause
one decay; smoke
relatively harmless

IN WAR
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Protection Method of .
required neutralizing Firat aid
Gae mask; absorbent | Alkali Wash eyes with borie

only

(1)

acid; wash skin with
warm sodiom car-
bonate solution

Munitiona Ame_ritnn
suitable marking on
for use munitions

e

Projectilee. and gre-
nades

2 green ban
BA gas o

Gas maaks; absorb-
ents in caniater only

(2)

Alcoholic sodium hy-
droxide apray

Wash eyes with boric
acid solution

78-mm. artillery shell
or sirplane spray

2 green bands
CA gan

Gaak masks; both
absorbent and efec-
tive filter

(3)

Btrong hot sodium
carbonate solution

Wash eyea with boric
acid; wash skin with
warm sodium conr-
bonate solution

Candles and grenades
a8 burning mixtures:
grenades;  artiller
shell; 4.2-in. CAIL:
4-in. CM: nirplane
epray and bowmbs as
solution

Burning type
munitions, 1
Ereen band,
CHN gas

Gask masks: sbhesorb-
ents in canister only

(4)

Alkali,
solid

solution or

Ke&&) patient quiet
and warm and treat
for bronchial poeu-
monia

Mixed with G and
PH in cylinders and
LE nhnllﬁ

1 green bhand Cl
gas

Gas maske; absorh-
ents in canister only

(5)

Bteam hydrolyses: al-

leé and amines
react with CQ

Keep patient quiet;
administer heart
stimulants; give oxy-
EENn in severs cuses:
treat like pleurisy

LP shells; cylinders;
4.2-in. CM;: 4-in.
CM; 155-mm. howit-
ser shell

1 green band|
Gg EaS

Gae masks; absorb-
ents in canister only

(6)

Steam bydrolyzes al-
lies and amines
react with CG

Keep palient quiet:
sdminister heart
stimulants; give oxy-
gen 1n severe Cases:
treat like pleurisy

LP shells; eylinders;
4.2-in. CM; 4-in.
CM:; 155-mim. howit-
zer ahell

Gas masks with high-
grade absorbents in
canmsters

(7)

Sodium sulfite solu-
tion

Gas masks and pro-
tective clothing

(8)

Sodium hydroxide ao-
lution

Wash eyes with horic
acid; keep patient
warin; protect throat

Mixed with CN
75-mm. shell;

in
air
bombs; 4-in. CM and

2 ven bands
PS5 gus

from infection 4.2-in. CM shsll;
pure in spray;
w/GQG in LP and
4.2-in. shell
Waeh skin with warm | Artillery shell; 4.2-in. | 2 green band

sodium carbonate sp-
lution

CM shell; airplane
Bpray

ED gns

Gas mask; shsorb- | None necessary Fresh air; cold water | Artillery sheil
enta only in face; artificial ree-
( g ) piration
Gas mask; absorb- | None necessary Fresh air; cold water | Artillery ahell

ents only

(10)

in ace; artificial res-
piretion

Gas masks and pro-
tective clothing

(11)

Bleachingpowder, 3 %
sodiumsulfide (NasS)
In water; steam; gas-

eous l:illnrina; or
bur under moist
aart

Wash affected parts
with kerocsene or
gasoline, then with
etrong soap and hot
water; rub dry; rinse
with hot clean water:
agent must be re-
moved within 3 min.

Airplane apray; air-
planebombs;75-mnm.
uns; 1565-mm. how-
1tzer; 156-mm. gun;
4.2-mn. CM

2 aen bands
gns

Gas masks and best
of protective cloth-

in (12}

Aleoholic sodium hy-
droxide spray

Wash with oils, hot
water, and soap;dry;
first aid must be ap-
plied at once

Airplane agrn : air-
planebom a;‘?ﬁ-mm.
shell; 155-mm. how-
itzer mhell; 4.2-in.
CM

2 frean bandas
M-1 gas

Gas masks and beat
of protective cloth-
ing

(13)

SBodium bydroxide so-
lution

Wash with soap and
water, then with
sodium hydroxide
{5 %) ; wash eyes with
boric acid

Artillery and mortar
shell

2 freen bunds
MD gas

Best type of filter in
gas-mask canister.

(14)

Caustic gaseous chlo-
rine

Uhlurinq in low con-
centrations

Burning-type muni-
tions

1 green bLand)
DA gas

Gas masks, best type

of filter { 15}

Caustic gaseous chlo-
rine

Ghlurine_ in low con-
centratlons

Artillery shell

Beat type of flter in
gas-mask canister

(16)

Gapeous chlorine
bleach liquor

Hreathe low concen-
tratione of chlorine
irom bleaching-pow-
der bottle

Candle; destroyer
smoke attack; burn-
imng-type air bomhbs

i

None

(17)

None necessary

None necessary

None needed aganinst
amoke; fireproof suits
againat burning par-

ticlen
(18)

None needed; copper
sulfate aclution stopa
burning of particles,
as does water

Apply copper aulfate
solution; pull out
solide; treat burn
with picricacid; keep
burning part under
water until medieal
aid arrives if no

CuB0y is availuble

Incomplete combue-
tion by naval veasels

1 wyellow ban
CO smoke

Grenades; artillery
shella; 4-in. CA; 4.2-
CAM; airplane homba
in.

1 vellow ban
WP amoke 4

CHEMICALS IN WAR
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Table IV. ProeerrTies oF CHEMICAL AGENTS

M —— S — -
| .anut-tirrﬁnnt
Agent, Chemical CwW3a Physiological Tactical Persi . concentration,
. _ te
COmmMOn DAmMA name symbol nlnliﬁuillnn clapsification {:En;m:rﬂ]b' P?ml;tt:l:;r mn‘:: E:rl:llllt:r
ll‘mu ¢“- [tlli
0 min. exposure
ISulfur erioxide. ..., ... Sulfur trioxide None Screening angent | While container | Same as summer | SBmoke irritation
(197 o is operating negligible
[Oleum (80 per cent)....| (30:XH\:504) None Screening agent | While container Smoke irritation
ia operating Same as summer | negligible
(20) :

HC Mixture............ Hexachlorethane HC N i : - P
{C:EI-?_T sine and one Bereening agent '['.:Elgl" while burn- | Bame as summer Eﬂ;ﬁ;ﬁ;{tnunn
einc oxide (ZINQ)

(21

Titanium tetrachloride. .| Titanium tetrachlo- |FM None Bereening agent | 10 min. in open | Bame as summer | Smoke irritation

ride (TiCly) negligible
(22)

[Bulfur trioxide eolution. . | Sulfur trioxide (804}, | F8 None Bereening ngent | While container | Same as suinmer | Smoke irritation
about 65 per I:'El']_t-' is UpEI’EtiIIE IIEEHE“JIE
chlorsulfonic acid
(HCISD:L. nbuls.:gii] 45
per cent by weight

(23)
Thermite....... ( 24 )| Thermite (Al4TFe:04) | Th None Incendiary ageut | None None None
olidoil............... Mixture of paraffin | BO None Incendiary agent | None None Nona
( 25 hydroecarbonas

* This volatility is at 4,903 mm. Hg. At 760 mm, Hg, the volatility of chlorine ia 3,708 os. /1,000 cu. ft
T This volatility is at 1,180 mm. HEE;. At 760 mm. Hgg', the valatility of plmup:lemz in 4,426%1.:"1.&&0 cu {t.

Intolerable Lethal
concentration, concentrgtion ers v i Denait
mg. per liter Ing. per lit,a::r'I Melting Boiling \Fn;l%t:r . pu:up::a. Vapor d“;ﬁt"‘r of solid, Bolvents
Or D8, per Of 0%, pér paint point e 20°(2, COIn par 20°C. for
['ﬂll}l]- . "_” 1,000 cu. .[l'.., tﬂﬂ F} {EEFF.} to mir {EE'F.]
10 min. exposure 10 min. exposure
Smoke irritation neg- | Bmoke harmless 40°F, 45°C. Negligible 242.27 1.04
ligible (19) (104°F.) (113°F.) at 25°C.
Eilin?':]ff] irritation neg- | Smoke harmless 5°C. Decomposes Negligible Negligible 1.99
gible
(20)
Smoke irritation neg- | Smoke harmless Hexachlor- 185°C, 2.85 oz. 0.22 mm. Hg | Vapor negligible; 2.0 Aleohaol, ether (for
ligible ethane (sublimnes) 1,000 cu. ft. pir dlﬂue_ml nated as hexachlorethane
184°C. (385°F.) & solid enly)
(21) (363°F")
Smoke irritation neg- | Bmoke harmlesa —23°C. 136°C. 8.4 o=, 8.32mm. Hg 1.7 Ethylene dichloride
ligible {—0°F.) (277°F.) 1,000 cu. fi. air
(22)
Smoke irritution neg- | Smoke harmless Below About 1.01 Strong sulfuric actd
ligible - - 30°C. B0°C.
(—22°F.) (176°F.)
(23)
WNona MNone 1,500%C. Noné None Nona Nonea 3.3 None
(24) (2,732°F.)
| None None 30°C. None None None None 0.9 Organiu solventa
(25) (86°F.)
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Odor detectabls
Action on Btability on Action with Hydrolysia Odor at mg. per liter Physiological
metanls storage water product in air or O%. Per action
1,000 cu. ft.
e | ————————— _—

Corrosive unless dry 4 Btable if dry Hydrolyzes H180; and HiB0 Acrid sufocating Hacking cough

( l 9 Em
Corrosive unless d Stable if dry Hydrolyzes H1303; and H3i80, Acrid suffocating Like atrong acid

smoke

(2 0 )

None if dry Stable C1Cls slowly hydro- Smoke in air; (ZnCls) | Acrid suffocating None from solid;
lyzes; mixture ig- | zine chioridein water | smoke alightly suffocating
nites solution action by heavy

(21 )r smoke

Vigorous corrosion by | Stable in steel con- | Hydrolyses Smoke in air; TiCl. | Acrid Liguid burns like
smoke; none by lig-| tainers when dry 8H1O; then HCI and strong acid; vapors
uid on steel if Ti(OH)4 and amoke irritating

to throat
(22)

Vigorous corrosion if | Stable in steel con-| Reacta viclently |Smoke in air; hﬂirm Acid or acrid Ligquid burns like
wet: vigorous corro- | tainers like strong sulfurie | chloric acid strong acid, smoke
sion in presence of acid and sulfurie aci CAUBES Dnukinn Ben-
moisture (HiS0y mixed in pation on skin

water solution as fog
( 23 ) particlea
None Stable None None No Burns like molten
’ ( 24) N ae iron
None Stalile None MNona MNone Burnpa like oil
(25)

Protection Method of Munitiona American
. . Firat aid suitable marking on
required neutralizing for use munitions
SE— | ———
None Waah freely with cold Artillery and CM
( 19 ) water ahell; airplone spray
Nane Wash freely with eold SBmoke grenades; air-
water plane tanks
(20)

None None needed None needed Burning-type moni-| 1 yellow band]
tions oniy; grenades; | HU smoke
candles; amuLe flon ta:

( 21 ) special air bomnbs

None for ﬂrdmnr}' Alkali; solid or solu- | Wash with sodium | Artillery ghell; 4-in, 1'1 ellow band]

semoke clouds: ticn bicarbonatesolution, | CM; 4.2-in. CM:aiv- | M amoke

masks needed inr then with warm Pluue aproy; uuphlm

Leavy concentration water; treat burn ninhs; apeu“l L=

only ( 2 2 ) with pierie acid Licua
None for ordinary | Any alkali, solid or | Like an wcid burn Yrom eylinders nuder | 1 yellow band)]
smoke; gas masks for | solution gra pressure; air- | 'S emoka
hi concentrations, plane  spray tanks;
1 rubber glovea explosive shell
Iur andling liquid

(23)

Fireproof clothes None Like ordinary burn Drop bombs; artillery | 1 _purple bandg
( 24 ) shell Th mcendiary

Fireproof elothes None Like hot-liquid burn Drn;i- bombs; artillery | 1 Surpla ban
incendiary

( 25} ehell
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foundution in faet, but which was deliberately disseminated as propa-
ganda to influence the neutral nations of the world against Germany,
just as in the Middle Ages the first use of firearms was similarly excoriated.

Cliemical warfare has been the favorite topie of discussion at inter-
nutional conferenees because it is a popular subject of condemnation, al
onc concerning which treaties and conventions ean be made without the
slightest probability of being lived up to, as was the ecase in the World
War,

Finally, the subject of chemical warfare has been the happy hunting
ground for sensational newspaper and magazine writers whose imagina-
tions have furnished lurid pictures of whole populations being wiped out
at a =ingle blow with poison gas dropped from airplanes.

[ view of the general public interest in this question and its impor-
tance to our national defense, it seemed to the author that it was high
lime for sumeone to produce an authoritative American text on chemical
warfure, and =0 he reluctantly undertook this task as a patriotic duty.

The purposes of this book are threefold: (1) to trace the development
of the art and science of chemical warfare from its beginning in the
World War to the present time; (2) to present an American viewpoint on
chemical warfare; and (3) to make available to the public an authentic
text on a much misrepresented and misunderstood subject of great
importance to our future national security.

General acknowledgment is made in the reference notes to the many
sources to whirh the author is indebted for much of his material,

Special acknowledgment is made to Major George J. B. Fisher,
Chemical Warfare Service, United States Army, who not only furnished
the chapters on the Protection of Civilian Populations from Chemical
Attack and the International Situation with respect to chemieal warfare,
but also rendered much valuable assistance in the general preparation
of the text; and to Dr. Arthur B. Ray, who had charge of the development
work on incendiaries in this country during the World War, for his kind
permission to use material from his work in the chapter on Incendiary
Agents.

Many of the illustrations are reproduced by permission of the War
Department, and the diagrams of the German gas bombardments in 1918
are reproduced by the kind permission of the British Royal Artillery
Institution,

The author is also indebted to Major General C. E. Brigham, Chief
of Chemical Warfare Service, whose sympathetic cooperation made this
hook possible.

AvgueTiN M. PrENTISS,
Waismxeros, D. C,
January, 1937,
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xv
INTRODUCTION

From the dawn of antiquity to the present century men have fought
their battles by physical blows, and it was not until the World War that
the history of organized conflict recorded a deviation from this funda-
mental principle of battle.

The blows by which man subdued his opponent were delivered by
hand until his ingenuity devised instruments for adding distance to
the striking power of the human arm. But the weakness of primitive
devices for projecting missiles put on hand-to-hand fighting a premium
that persisted down through the Middle Ages. The invention of firearms
at last enabled soldiers to fight their battles at a distance, for by super-
seding brawn with the propulsive power of gunpowder it became possible
to penetrate all known forms of protection and to strike fatal blows from
a distance. It then became an important aim of tactics to weaken an
enemy by means of missiles hurled at a distance before closing with him
to accomplish his final defeat.

The attention lavished upon various types of guns made these weap-
ons so tremendously powerful that at last they came to defeat the very
purpose they served. Thus, the fire power of modern weapons of
impact—machine guns, supported by artillery of varioux calibers—has
grown so great that, when properly located in defensive positions, they
are capable of repulsing every assault against them. Boldiers cannot
advance under the withering fires of machine guns and artillery barragex
without prohibitive losses and any attempt to do so only results in futile
slaughter. Modern armies are foreed to seek protection in trenches
#0 deep and strong as to dely even the colossal power of modern artillery,
and tactical movement is thus eventually paralyzed.

This result was foreshadowed in our own Civil War, to be grimly
demonstrated in the World War, In the latter conflict there were, at
least on the Western Front, no flanks to be turned. Yet the abwence of
exposed flanks was here no more than proof that, given sufficient modern
rifies and guns, and enough soldiers to man them, a battle front may be
extended until it defies outflanking. Linear formations are then rein-
forced in depth so that substantial penetration becomes prohibitive and
the task of subduing & belligerent must be sccomplished by economie
instead of military foree. i

In order to counteract the power of modern impact weapons and the
resulting deadlock of trench warfare, toxic gas finally was resorted to.
It was hoped by this new means to restore movement in battle and thus
ngain permit tactical maneuver and fire power to open the way to victory.

But gas, for reasons which we shall presently discuss, did not imme-
diately fulfill these early expectations, although the ensuing struggle
for technical protection led to an examination of pr ly every com-
pound in the whole eatalogue of chemistry that offered any promise of
military utility and to the actual trial in battle of scores of chemical
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agents. The results, tn inf, was chemical warfare, and the opening up of
a new field for the implementation of military effort.

History records numerous earlier but abortive attempts to utilize
ihe puwers of chemistry for military ends, It i not within the seope of
this book to examine in detail such occurrences preceding the World
War. With the exception of Greek fire, none of them produced impor-
tant results and none permacently chisllenged the supremacy of existing
weapons. ‘They are nf interest to us here only as indieating man's eager-
ness to experiment with any means that promises to promote his fortunes
in battle and his final dependence upon technical knowledge to produce
sueh means,

The value of chemicals as war weapons had attracted the serious
speculation of military minds as early as our Civil War, but no practical
progress was made in Lhis field beeause of the then undeveloped state of
the chemical industry. Many chemical substances having powerful
physiological effgets had already been discovered and classified before
the commencement of the World War; a number of these were well known
and had been manufsetured in quantity before the war. Tt was only
natural then that these substances were utilized as chemical-warfare
agents in the war and no new chemical was specially developed for war
purposes. Yet there is a wide gull between laboratory rossarch and the
rolnssal pradnretion needed to supply modern armies in the field. The use
of chemicals as warfare agents was not practicable, even though the
possibilities may have been recognized, until the chemical industry had
attained sizeable proportions.

But during the decades preceding the World War the chemical indus-
try, particularly in Europe, had been expanding apace. A remarkuble
{eature of this new major industry was the tremendous development
of dye production, which during the early years of the twentieth century
largely centered in Germany. In 1913 the world production of dyes
reached approximately 150,000 tons, of which Germany controlled
three-quarters, producing at the same time something over 85 per cent
of the intermediates entering into the finished dyes. When it is remem-
bered that these intermediate cts may also be used in compounding

military chemical agents and that the dye factories provide both technical
skill and manufacturing equipment needed for the production of these
substances, the peculiar military significance of this industry becomes
apparent.

The basic chemical industries, producing nitrogen compounds, chlor-
ine, sulfuric and nitric acids, and the alkalies, had attained major propor-
tions before the beginning of the war, especially in Germany. Thus
chlorine, which was used on an enormous scale, not enly as & war gas
itvelf, but as the basis for the manufacture of nearly all other chemical
ugents, was being produced in Germany at the rate of tens of thousands
of tons annually. The highly developed coal-tar industry, as well as
facilities for production of arsenie, bromines, and phosphorus, stood
ready to furnish important contributions to war effort.

The immense chemical factories along the Rhine were producing
these potentials of chemical warfare on a large seale and, what was
equally vital, possessed the technical talent capable of directing the
vonversion of their products into warfare agents. With the stage thus
set, it needed no more than the urge of dire military necessity to insure
the advent of chemical warfare.

Not only was the military crisis of the winter of 1914-1915 brought
ahout by the collapse of the classical methods of attack so suceessful in
former wars of movement, but (as far as Germany was concerned) the
sititation was even more critical because of the serious depletion of sup-
plies of explosive ammunition. Germany entered the World War with
plans for but a few months of intensive campaign, for which she believed
that her accumulated stocks of ammunition would suffice. As these
stocks rapidly dwindled with victory still distant, Germany was obliged
yuickly to mobilize her national industries behind her armies. That the
great German chemical industry should have been immediately utilized
to this end was inevitable; the wonder is rather that the first German gas
attuck was such & surprise to the Allies,

The introduction of chemicals as active agents of war was readily
revognized as a portent that in the future, military weapons are to b
forged in laboratories as well as in foundries. Thus, even in 1915, few
students of military technique failed to discern the dawn of a new ern
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i the long history of warfare. The two decades that have elapred since
the first German gas attack at Ypres have not only confirmed this earlv
appreciation but have added greatly to the comprehension of both soldier
and seientist as to the role and power of chemicals in war.

Not only has the introduetion of chemicals in war changed the
thuraeter of modern combat, but it has also vastly acecelerated the evolu-
tion of military weapons, Thus, more than a century passed after the

British first brought caunon into the field at Crécy without witnessing
xviii
substantial improvement in the technigue of supporting artillery; yet

within a few years chemical warfare has advanced from an untried
theory to a recognized principle of modern war,

This progress has been marked by two distinet phases. First there
was the crucible of war—more than three years of fieree struggle that
taxod the chemical resources of the most highly industrialized nations,
Then followed the postwar period of evaluation, research, and assimila-
tion.  The latter phase has probably contributed no less than the former
to the enrly maturity of this new arm of war.,

Notwithstanding the remarkable results achieved with chemicals
during the World War, the means and methods employed in that conflict
appear as crude and feeble beginnings when viewed in the light of our
present knowledge and our cooler conceptions of the future, As we draw
away from the late war we apprehend more clearly that the potential
power of chemicals was then only dimly foreshadowed. Today we realize
that all nations are facing new and powerful instrumentalitios involving
as profound changes in the art and science of war as wero brought about
by the invention of gunpowder. In a word, armies have already

advanced well into the era of chemical warfare.
3

CHAPTER 1

BASIC PRINCIPLES
COMPARISON OF CHEMICAL AND EXPLOSIVE WEAPONS

An understanding of the true character of chemical warfare can best
he approached by a consideration of the action of combat chemicals as
compared to that of explosive weapons.

Certain important differences between the effects of chemical and of
explosive munitions emphasize the peculiarity and novelty of chemieal
warfare and suggest some of its potentialities. These differences are
particularly noticeable in the mechanism of the action of chemieal agents
and their effects in terms of time and space.

Chemical substances used in war for their direet physiological or
chemical effects are called chemical agents. A chemical agent does not
exert its effect by direct physical impact upon its turget, like a rifle
hullet or a shell fragment. On the contrary, chemicals may be liberated
i pluee, depending on wind to move them to their targets: they may he
transported to a point of release over or on the target by airplanes or
wheeled vehicles; or they may be carried to that point in projectiles,
In any case, the container is merely a conveyance for the chemieal agent.

The effect of a chemical agent then is derived from the reactions
that take place after the agent is freed from its container. Tactieal
and techuical considerations indicate the point of release; natural forces
then complete the processes of dispersion and ultimate effect. Herein
lies o fundamental differcnce between ehemieals and explosives,

Also, ehemicals do not strike a physical target—they pervade the
atmosphere over an area. The area may be wide when a volatile gas i
dispersed, or it may be restricted to a few ncres saturated with slowly
mnporating iquids.  Yet alfvays the effeet is as permesating as the active
range of the component molecules,

In contrust to this wide distribution of effect characteristie of ehenti-
vals, let ux analyze the action of high explusives. As the high-explosive
shell detonates, its effeet is derived from the coneussion of the explosion
ind from the striking force of flying fragments. This action, however,
dues not extend beyond a relatively small area surrounding the point
of burst,  Even within this danger area, of two soldiers standing side by
sidle, onie may be killed and the other excape unharmed.

Such uncertain and uneontrolluble results are impossible with gax,
When gas is released everyone within jts compass becomex equally

: 4 . o s
exposed to 1ts effect. The soldier may counter that effect with artificial
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protection, but otherwise he cannot escape it even though he is some
distance from the point of release, for gas saturates the entire atmosphere
overlying the target area.

Again, in the matter of lime, gas offers a striking contrast to weapons
of impact. The effect of the rifle bullet is instantaneous: a second after
the bullet strikes it is spent and harmless. But even the most fleeting
gas clouds are effective for a matter of many minutes, while persistent
chemicals may continue to contaminate an area for days,

Another unique characteristic of gas is its searching effect. A
hastily dug fox hole affords individual shelter from machine-gun bullets,
A copse of trees may well protect a whole company of infautry from
artillery fire. But gax follows no narrow trajectory; it permeates the air
and overcomes all incidental obstacles of terrain to stalk its guarry
relentlessly. These distinctive features combine to enhance the power
and utility of chemical agents, particularly in their action against
personnel,

Before examining the basie principles underlying the science of
chemical warfare, it is important to understand the megning and usage
of certain technical terms.

DEFINITIONS

We have said that chemieal substances used in combat are designated
as chemical agents. Of these agents, three distinet Eroups—gases,
smokes, and incendiaries—constitute what is generally understood as the
matériel of chemical warfare.

(Fases are chemical agents which produce physiological efferts.
These agents are used in war to incapacitate military personnel.  Physi-
cally they are often dispersed as liquids and not infrequently as par-
ticulate clouds; yet the term gas has attained in military parlance a
generic meaning that embraces any chemical used for its direct effect
upon the human body. A gas which produces death is called a lcthal
agent, while a gas which, under field conditions, does not cause deatl; or
serious casualties is an frrilan! agent.

A smoke agent, as its name implies, is one capable of obscuring vision
in xufficient measure to afford concealment. It may incidentally burn or
corrode, yet primarily it scfeens.

I'ncendiary agents start destructive fires, igniting even materials that
ordinarily are slow to bum,

A foric is any substance which, by its direct ehemical action, either
internally or externally, on the human or animal organism, is capable of
destroying life or seriously impairing nurmal body funetions.

Toxieily is the measure of the inherent poisonous effect of s chemieal
agent and is the produet of its concentration times the period of exposure
to it action.

Lacrimalors cause intense, though temporary, irritation of the eyes;
they are commonly known as fear gas (see Chap. VI).

Lung injuranis are those gases that particularly attack and injure the
bronehial tubes and the lungs. The “injurant” gasex ure quite distinet
[rom “‘irritant” gases; the former are highly toxic and frequently letha)
iy action, whereas the latter are characteristicnlly nonlethal and inelude
generally lacrimators and sneeze gases (see Chap. VII),

Systemic loxics are substances which by systemic action exert a direct
paralyzing effect upon the heart and nervous system. They are usually
the most deadly of all gases (see Chap. VIII).

Vesicants are agents which exert a blistering (vesieant) effect upon
the skin (see Chap. IX).

Irrilani gases (sometimes culled sneeze gases or sternutalors) attack
the nasal passages, causing nausea and headache of a few hours’ duration.
They are never lethal in concentrations encountered in the field (see
Chap. X}.

Symbols.—During the World War, code xymbols or names were used
v designate the various chemical agents employed, without revenling
their chemical identity. The symbols were usually two or three letters,
arbitrarily chosen, to designate the chemical agent, and the names were
generally fanciful and were derived from some place or event incident
lo the first use of the agent. As most substances used as chemical agents
were complex compounds with long chemical names, the short symboly
and names proved very convenient in referring to the agent and came
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into general use even where secrecy wus not essengial.  In the course of
short time, the chemical identity of the agents used on hoth sides in the
war became generally knonwn and the eode symbals and numes lost their
secrecy value, They are, however, still employed ax a mutter of con-
venience in preference to the elhiemieal names of the compounds.

Table 1 shows a list of the principal chemical agents used in the war
and their code symbols or names, For convenience, chemical agents will
generally be designated tliroughout this text by their symbols, ax indi-
cated in Table 1.

Concentration refers to the quantity of chemical vapor present
a gren valume of air. Tt is expressed in four wayg, as follows: (1)
as parts of gas per million parts of air; (2) as grams of gas per cubic meter
of air: (3) as milligrams of gas per liter of air; or {4) as ounces ol gar per
thousand cubic feet of air.

Numerically, grams per cubic meter is the same as millgroms per liter,
and is almost the same as ounces per thousand cubic feet; all these ure

Tapre I.—NOMENCLATURE OF CHEMICAL AGENTS

Chermicnl hame | Chemical English | American | French | German
| formula Dame C'WE symbaol nAmE ‘ name
Ganes
T -
Serodeim, ..o CHyOHOHO — — Pupite —
Vreenbe {rchilorsds, . A.l':].: — — A e —
Benzyl bronnde, . ... CaHJOH b —_ — Cyelite T-stafl
Beoryl wodide. . ... CeHCH =1 — — Fraissitée —
Hromasetone. . ... ... CHCOCHBr BA BA Martonite P-Froff
Brombengy! evanide. , | | CoHZOHRBAER — CA Camile —
Hiomime, , ..., ..., Bry — —_ _— Brum
H rr;lll:rrrfh].'h-lh ]-"] H JLﬂF HHri 1{s — — Hompimar= BriFtaff
kelyne tonilo
Carbonyl ebloride. . ... | COCl, Phomgew Ca Collongite Ti-tsr ol
Chloracsione. . ..... o EHLSCDD HACE — —_— Tonite A-Srofl
Chlgraretophenone . . . | CaHOOCH 2l e TN — —
Chilors eetophenvne. . . | O, HaCOC H Ol
Chlopeform.........-. CHCs } — CNS —_ —
Chlorpierin, . ooveere . CCizND;
Chlorine. . ....osc0:0..| Cle Chlorloe Cl Berthalite Chior
Chlorplerin, ...... ... .| CClLaNO: Vomiting Ps Aquinite Klap
Eas
Chlorvinyldichlorursine | CHCICH AsCls Lewisite M- — -—
Cyanogen bromide. . .. .| CNBHr CH — Campetlit Cas | Austriznd
(Ltalian)
Cyanogen chiorde. ... CNCL — — Vitrita —_
Diandsidin. . ..........| (NH{OQOCH)CoHa)e —_ —— — X
Dibromethyl sulfide. . [ (BrCH.CHa):8 — == — Bromiomsi
Dibrommethyl ether , . | (CHBr):O — — — A
Drichlorethyl sulfide. . . | (CICHCH:) B Mustard gas H# Y perite Lost; alsy
Yellaw Croes
Dichlormethyl ethor, . | (OH2C1):0 —_— — — X
Dimethyl sulfate. ... .. {CH =50, - —_ Rationite D-Fiaff
[nphenyvlaminechlorar-

ST, . iaa Ceeeas (CH 1M HARC] Adumsite AL —_ —
Diphenylchlorarsine . . | | (Culi):A8C] ; - DA — Clork 1
Diphenyleyunamine .| (CiH ) eAsCN — DA —_ lark I
Ethylbromaceinte. . . . .| CHel3pOO0OC (H e — — X -
Ethylearbazol ... .. ...} {CsH deNCaiHs — - —_— — i Blue Croms-1
Frheldibromuraine, ... .| C:HiAsHBrs — _— — [ h
Fihyldichlorarsine, . ., .| CeHrAsCl: —_ ED — Thick,  lwo

L {ireen ' Foaes=
4
Ethviiodenestate. . ... .| CHaICOOC H: Bl - — —
Ethylsulfury! ehloride. | CIS00C:H: I Eulvanile —
Hydrocyanic aeid. .., HCN JL and YN - Forestite -
lodoncetone e N OHCO H s — Bretomite —_
fethyldichlorarmine . . .| CH AT L — AMD — Miothyldivk
Methylsalfuryl chloride | C180:0CH, | — - — 1 X
Monorhlormethylchie- | CICOOCH (I — = Paliw 4 C-Einff,
roformate LT
Perchlormethylmercep-| 8CCH, | — — Carbontetra- ~

tan ehiorsulfide
Phepnylearbylamine

chlornds. ... ..... . O H O MCl e — _— Green Cross-1

T
Phenyldibromarsine. .,  CuHuiAaBry -_ i —_ X
Phenyldichlorareine. . .. CiHuAsCls == | — Blarnite Blue Croes-1
Thivphoage e - . OBl Thiophos- | Lacrumtite —
R |
Trchlormethyleblone=  THOOOCCl Diph oo e e | — Burpalite FPeratoill
for e e |
oyl o 2o CHCHCH:Ba l e 1 — e T-5tof
Bmiokes
|
U hilorsullonie aeid . o HOES0, I' :"I: x x X
Hydrocarbons. .. .., .. N — { Crude woil C I —_ ! —_
witer, wsulfur, piteh, | KNO: + 8 4+ © + | Type % mix- Type 5 mix- | _ : —
borex, sud glue NuaBiDy 4 glue | ture ture |
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Ligguials i

—

Hiliron wetrachlonde. . . 5ECL : —_ . — | — | X
Mtnnnie ehioride. ... .. | BoClh Isd ki Dpcibe I —
Silfur trioxide. ,.......! 20 —_ — ot LN off
Zullur trioxide + chilor- | . |
sulfonic meid . . . .. .. | 800 + BOLHCI X , ¥ i Y X
salfaryl rldoride. ... .. ' 50 Cls — — | X : Y
Titanium tetrprhloride | TrChL — FM | Fumergerite  F-Siall
White phosphores. ... | Py Wwp . wp ] X —
Zine, earbon tetruelilo- | Zn 4+ CCL 4+ NH.. — i H Xl — —
ride amanonium chle- | €1 + MpCO: i
ride. and mognesiom | ‘
earbotn e
Zine plus carbon tetru={ Zn + CCL + Zn0 ! e ! — | Teerges Mix- —_
chloride us  sing | + kieselpuhr | ture
oxide pluy kirselguhr ;
fine plur hezpchlore- | 2o 4+ OO + In0 I e , HC - _—
thane and zine oxide | ,
I nesid T Fhes
[ N ! _"
Harium nitrate, magne- § Ba NGy + Mg + lurendiary - = i -
plum, and linseed oll | lineerd off mixture ' |
Harium  pernside  plos | By = Alg Inevnidiney N - |I —
T LT REAT L | powder
Modified thermite. .. .. 3AL = ABaX0s 4 | Modifed N — —
| 8Fr0 thermite | l
Potussium  prrelidorate | KOG+ CoHiagr | Incendiary : — - . —
aie] prraffin mixiare I |
Mewligm . ... _. .- | Mo : Borlium by ; X X
Rolidified hydroearbons | — | Holid nil -- ! — , —
Mulfar thermbie, ..o . BAl 4 AF e + DS — | — gt e i —
Thermite. . .. ... CLTBAL 4 3FedDy Thermite ' Th X : X
White phosphorus i | [ Inflammable | —_— 1 b —
varbon diswlBde. . .} '
|

X dencotes employment withoul spscinl name or avmbal.
— denotes noonemployment.

8
rantios between weight of gas and volume of air.. On the other hand, parts

per million iz purely a volumetric ratio and differs essentially from the
oihor three ratios, in that the molecular weight of the gas must be taken
into consideration. As all four of these ratioy are met with in the
liternture of pharmacology, toxicology, and other branches of seienee
clowely allied to chemieal warfare, it ir frequently necessary to convert
one expression into another, Mathematical formulas for doing o are
given in Appendix A,

An irritating concentration is one which produces an irritant efiect
upon a man without injuring his body funetions or seriously impairing hix
working efficiency. The loweat irritant concentration is often called
the threshold of action or threshold concentration.

An intolerable coneentration is one which cannot be withstoomd for more
than a very limited time without serious derangement of some body
function. As applied to Iacrimators, it is usually synonymous with the
maximum concentration in which a man ean maintain his vision without
masking.

A lethal coneendration iz one which the average unprotected inan ecannot
survive after a definite brief peried of exposure.  The numerical value of
the lethal concentration deereases as the time of exposure inerenses,

Volatility rofers to the eapacity of a liquid to change inte vapor in
the open air.  Quantitatively, the volatility of an agent is the amount
held as n vapor in a unit volume of saturated air at any given tempera-
ture and pressure.  Volatility inereases with  temperature,  If the
volatility of a chemieal compound is considerably greater than its lethal
concontrution for o 10-minute exposure, it is possible to set up killing
concentrations under field conditions and the substanee is a easualty-
producing agent. For relation of volatility to vapor pressure, ree
Appendix A

Hydrolysis is the reaction of any chemical substance with water
wherehy new compounds are ereated.  This is a reaction of great impor-
tanee in chemical warfare, as many chemieal agents are rendered harmiless
after a time by hydrolysis. If the hydrolysis produet is itsclf a poison, ax
is the ense with all agents containing arsenie, considerable effort i
requiired to neutralize the agent eflectively.

Vapor Pressure.~livaporation is eonstantly taking place from the
cxposcel surfaees of all liguids and volatile solids.  The pressure exertedd
by the cseaping vapor is called the vapor tension of the liquid or solid.
When its vapor tension equals the surrounding atmospheric pressure,
a liquid is snid to boil and & solid to sublime, for at that temperature its
vapor in able to lift the air above it and so freely escape. At all tem-
peratures below the boiling peint of a liquid or the subliming point of a



U MAaAIN T o o JalMis pDuUlNLD VOol. 2

solid, the vapor tension of the substance is less than atmospheric pressure,

8o that the escape of the vapor is npp-c?ued by the eurrounding air. Much
of the vapor is thus forced back into the liquid or solid. Under these
conditions the vapor is in equilibrium with the liquid or solid. A vapor in
equilibrium is said to be saturated, and the equilibrium pressure is
called the vapor pressure, which for a given substance depends only on
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Cuant I —~Typieal vapor pressure and volatility curves for nunpersistent (CG) and
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the temperature. If the vapor iz not allowed to accumulate over the
liquid or solid, it will remain unsaturated, equilibrium will not be reached,
and the liquid will gradually dissppear by evaporation. This is the
usual case with chemical-warfare agents that are dispersed over the
Eround as liquids. No general relution is known connecting the vapor
Pressure and temperature, but curves showing this relationship have

been determined by observation for a great number of chemical sub-
10
stances that are liquids at ordinary temperatures. For purposes of com-

parizon, the vapor-pressure-temperature curves for two of the most typical
chemical agents, including the curve of water, are shown in Chart L.
Persislency 18 the length of time a chemical agent remains effective
nt the point of its release. If a gas remains in sufficient concentration
to require protection of any kind at the end of 10 ménules, it is classed as
persistent. If the concentration at the end of 10 minutes is too weak
to require any protection, the gas is classed ns nonpersistent. Thix
i< the American rule, but is not the same in other countries, In some
foreign countries three classes of persisteney are recognized, as follows:

Nonpersist ent.
Mederately persistent.
Yery persistent,

In such classifieations the nonpersistent class is essentially the same
as ours, while the moderately persistent and very persistent elasses are
i reality subdivisions of our persistent elass. The advantage of such
subdivision of the persistent elass of gases is not apparont, as will be
brought out in our further discussion uf the subjueet of persisteney.

The most important propertics of a casualty-producing gas are
toxicity and persistencey, for upon the first depends its inherent power to
incapacitate, and upon the second depends the extent of time during
which the gas iz effective in the field. The persistency of a gas also
messures the length of time that must elapse before unprotected troops
may occupy infected ground; thus it greatly influenees the proper
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tactical use of the gas, As toxicity and pemsistency are not simple
properties, hut are funetions which involve several other properties of a
gus, they will be further considered at this point.

TOXICITY

Chemical agents have a wide range of toxicity, varying from simple
local irritation, such as lacrimation, to fatal systemic Peisoning, as
from hydroeyunic acid. The measure of thix toxicity, in terms of physi-
ologienl reaction, may be determined with considerable seientific nceuracy,
nut only within the laboratory, but alse under the widely varying
conditions encountered on the fiehl of battle. Toxicitics, thus ostah-
lished, furnish n eriterion by which the most important agents of chemien)
warfare are judged and their taetical uses formulated.  Sinee u general
knowledge of the toxicity of agents is necessary to any comprehensive
study of chemicals in war, a briel survey of the subject is presented at
this point. '

At the outbreak of the World War, Gertnan scientific research had
produced, as a by-product of their chemical industry, extensive data

on the toxicities of chemical substanees. From these data, many
11
vhiemical compounds were selected and tried out in military operations

between 1915 and 1918. The majority of these substances were eventu-
ally discarded because the aectual results obtained in the field failed to
measure up to theoretical expectations. Yet the experience thus gained
not only increased knowledge of the absolute toxicities of many chemical
compounds, but also permitted the formulation of definite relations
hetween the wvarious factors entering into the problem, so that basic
principles could be deduced and the whole subject established on a
scientific foundation,

While the study of this field of tuxicology has, since the war, engaged
the attention of scientists generally, the interest and talent devoted to
thi= =ubject in Germany continues to command respect. It is, therefore,
believed that the German viewpoint on toxicity of war gases deserves
ronsideration and we accordingly follow with some freedom the presenta-
tions of German guthorities in this field, notably those of Drs. Haber,
Flury, = Meyer and Buscher,

The effects of chemical agents upon the human organism result either
from internal contact, as inhalation, or from external contact with
various body surfaeces.  Chemicals sueh as dichlordiethyl sulfide (mustard
gas) combine both of these types of effert, Yet the two must be
approached independently before cumulative toxicity may be quantita-
tively determined.

Considering first those agents whore vapors when inhaled produce
deleterious internal reactions, it is found that a definite relation exists
hetween the concentration of vapor present in the air, the amonnt of such
contaminated air that is admitted into the body, and the toxic effect
produced upon the body. This relation has been established by Haber
ns follows:

Most toxic substances on econtact with the body react chemically
with the living tissues and de=troy them'by forming chemieal combina-
tions therewith, The degree of intoxication or poisonous effect is
proportional to the chewnical reaction of the toxie substanee on the body
tissues. This reaction is a function of three independent variables:

1. The time of exposure to the toxic substance.

2. The conrentration of the toxie substance,

3. The conecentration of the living material (hody tissues).

Let ¢ = the concentration of the vapors or droplets of the toxic sub-
stanee in the air, expressed in milligrams per eubic meter,
v = volume of air breathed in, per minute,
[ = time of exposure to the contaminated atmosphere, in minutes,

G = weight of the body, in kilograms;

then the quantity of poison inhaled and generally retained in the body

winild be 12
cly (1)
uid the degree of intoxication or poisoning, I, is
clv
1= (2)

Death oceurs when the degree of intoxication, I, equals a constant
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entical hmit, W, which is speeifie for each kind of animal and for each
loxic substanee, §.6,, when

cly
o =W (3)

In general, the amount of air inspired per minute is proportional
to the body weight of the higher animals, so that the ratio »/@ is con-
ktant for a given speeies and may be written as unity for the purposes
of comparing the toxicities of gases on the same kind of animals. Then

et =W (4)

The produet of = W i3 called the product of mortality (Tédlich-
kerlsprodukt) or the lethal index of the particular toxic substance for the
given animal. Thirs produet W wvaries inversely as the toxicity of
the toxie substance, t.e., the smaller the value of W, the more toxir
1= the submstance.

By taking a large number of ohservations on various animals expnse:l
to constant concentrations of toxic gases for definite periods of time
nnder carefully eontrolled conditions and tabulating the mortality
resitlts, it has been found that the relation between the minimum lethal
dose and time of exposure fullows a definite curve for each toxic gas.
Chart 11 shows this curve for phosgene on dogs and expresses the con-
centration required for each length of exposure in order to produce death,
Sueh curves are generally known as toxicity curves and the form of curve
shown in Chart II is typical of all such curves, and illustrates the tre-
mendous increase in concentration required when the time of exposure is
reduced below 10 minutes. For this reason, it is customary to base
relative toxieity figures on 10 minutes for short exposures and 30 minutes
for long expostures,

Upon examining internal physiological reactions to toxic vapors, i
appears that some differentiation must be made between those sub-
stances characterized by local effects as distinguished from those- that
induce genernl systemic poisoning. Compounds of the latter category,
surh as carbon monoxide and hydrocyanic acid, are in part neutralized
by certain ‘physiological counterreactions, and their reactions with

the body tissues are reversible up to a certain point. To allow for this

13
20

]

19

13

16

15 Sl

N

—y
el
gl

r3

F

3
)
—

N \ | -Based on axperimental observations

[
=]

Concentration in mgs/Liter
=

o
—
-

&
e 8
g
‘a‘:‘.
d
x
v
b3
“hb

S
i
)

/

02 =

0l e

. — s —

5 10 15 20 25 30 35 40 45 50 55 60 65
Time of Expasure in Minutes

Crart 11.—Taxicity curve for phoagens {on dogs).

Ll |

181

CHEMICALS IN WAR

phenomenon it is necessary to insert an “‘elimination factor,” e, in the
Haber formula, which then reads

(c—e) Xt=W (5)

Here the relation between ¢ and e demands a eritical density of con-
centration below which systemir poisons are noneffective, and the
observed data confirm this result.
In aceordance with these formulas, toxicity data are experimentally
determined by closely observing the physiological reaction: of test
14
animals under carefully controlled experimental conditions. While the
offrcts on the higher animals are not in all eases absolutely parallel with
human renctions, they do furnish valuable relative toxicological data
ax between various chemieal agents.  The following table presents lethal
indives so computed for eertain well-known chemical substanees.

HevaTive Toxiciry PROM INLALATION
{After Hoboer)
frreversihle Reaciiims

Agend Fast il Iniedees
Plasgenre. ... .. e e e 4500
Diphosgene, .. o.oo0 oo e S0
P 1 T S 1, GiH)
Mustand gas, . 1,543
Chlorpicrin, .. e 2,000
Ethylulfuryl ehilorble 2 (MM}
Ethyblichlorrsine oo oo 3,000
Ethvibromneetade. ... ..o 0 3,00
Phenvicarbylnmine ehlorde. .. 3, 0060
Chlormestone. . .. .. ... .. ..., ... 34, (HK)
Bengyliodube. ... oo o 3,000
Melhyldichloramine, .. ... . .. ... 3,0
Acrolein. . ... ... ... .- ce. . 3,000
Diphenylehlorarsine .. ... ... .0 o e . 4,000
Diphenvleynnarsine, .. oo oo e 4 000
Brompectone. ... ... ... o e e o 4 00
Chlornectophenome, ... o oo 4,000
Benzyl bromide. ... .. e e (i, 000
Xylyl hromide . ... ... . i, 00K
HBrombenzyl eyaniin, ..., 7,500
L LTS u 1 ]« . . 7,500
Kevergithile Reaclions

Hydrovyanie aeid. . . ... ... 1,00 4, 000
Carbon menoxide. ... ... .. .70, o0

# The lethal indices of the sysemic poienpa depeold apon the degres of roneooben thon e, sl the
product € ¥ 1§ for thess enmpounils s 1herefore nol conatant,

From the above table it appears that fatalities result from normal
inhalation for 1 minute in an atmosphere contaminated with a coneen-
tration of 450 mg. of phosgene per cubic meter of air. The deadliness
of agents of the phosgene type is further emphasized by the faect that
they may be equally effective in smaller quantities when inhaled over
longer periods, whieh daes not hold true with the sysfemie toxies, sueh
wy hydroeyanie aeid and carbon monoxide,  In the ense of phosgene, the
absolute quantity of vapor required to produce death (Loxicity index 450)
is about 3.6 mg., based on a normal inspiration of B liters of air per
minute, or 8 X 45%9{g0q = 3.6. Gencerally speaking this quantity of
phosgene vapor introduced into the lungs will, as Flury (5) indieates,

cause death even when inspired more slowly in n concentration corre-
15
apondingly lighter than 450 mg. per cubic meter. The absolute quantity

of hydroeyanic acid, according to the foregoing toxicity index, averages
20 mg.: but as dilution increases, the toxicity of gaseous hydrocyanic acid
falls off rapidly, until at 0.03 gram per cubic meter the human organism is
able finally to eounteract wholly its toxicity; thus concentrations below
this strength become actually innocuous. Considering the extrenie
volatility of carbon monoxide and hydrocyanic acid, and the resulting
impracticability of creating effective concentrations of their vapors in
the field, it is evident that these chemicals, while commonly regarded
ax highly poisonous, are unsuited to military usage,

The foregoing toxicity figures must be accepted with reservations,
ax they apply to one set of conditions only, 7.e., to one animal (the cat)
and to one rate of breathing. While experimental determinations of
toxicity on animals yield valuable relative data as to certain classes of
toxic agents, these data cannot always be applied to man, because
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certain animals are more sensitive to certain gases than man and others
are less 8o, Also the rate of breathing is a very important factor. Thus,
& man at rest breathes on an average about 8 liters of air per minute,
but, if he is exercising moderately, he will breathe 32 liters of air per
minute, and with violent exereise he will breathe at & proportionally
greater rate. Hence, when exposed to a toxic atmosphere of a certain
concentration for the same length of time, he will take in four times as
much poison when moderately exercizsing as when at rest. Body weight
15 unother factor, for, in general, the larger the body, the greater the
amount of a toxic substance required to produce the same degree of
intoxication. Because of these factors, it is more accurate to state the
specific amount of the toxic agent that will eause death when absorbed
into the body. But such & eriterion is impracticable of application
in the field, and =0 an average constant conecentration is nssumed gver
a fixed time of exposure—usually 10 to 30 minutes for nonprraistent
T B

For comparison with the German toxicity data presented in the fore-
koing tabulation, the American data in the table on page 16, show {he
quantitie= of gazes required to produce fatal effects on 10 minute<' eXposure,

The wide discrepancy between the German and American toxicit y
data 1s strikingly shown in this tabulation. This discrepancy has been
attributed to various causes, such as that the German data were hased o
cats, while most of the American data were based on dogs and mice; that
cats are peculiarly susceptible to some gases and resistant to others;
that the ecats used in the German tests during the war were under-
nourished, aud therefure less than normally resistant : that the degree of
wetivity, and therclore the rates of breathing, may have been widelv

different in the German and American tests. While the subnormal
16 . )
condlition of the German test cats would tend to expluin partially the

generally higher toxie effects obtained in the German experiments (/.e.,
generally lower lethal indices), none of the reaszons advanced ure sufli-
ctent to explain the great number of widely divergent results,

LetHal CONCENTHATIONS OF Liasgs
1 M liriites" E:up-fmurvlin
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of the time of expusure. The theoretical toxicity curve for phosgene,

17
aceording to Haber’s Formula, ix shown in dotted lines on Chart 11, based

an American data (i.e, 0.5 mg. per liter on 10 minutes’ exposure). A
somparison of the two eurves on Chart II shows that, while the ohserved
data follow in general Haber's Formula, there is not a sufficiently close
agreement to maintain a constant lethal index.

Time of expozure, | Minimum lethal dose, l laethal
minutes Mg. per liter index
2 2.00 4,000

5 1.10 5,500

10 0.65 i i, 500

15 0,46 C §,0900
20 0.37 L 7,00
25 .30 L 7,600
30 0.27 8,100
45 0.20 | ., 000
&0 0.17 L 10,200
75 0.16 L 12,000

While the difficulty mentioned in the foregoing paragraphs would
aceaunt for such differences in the lethal index us are shown for eertain
agent=, such ax ethyldichlorarsine, phenylcarbylamine chloride, and
methyldichlorarsine, it is altogether inadequate to explain the other
lnrge diserepancies shown above, whieh in many cases are as much ax
tenfold.

Many chemical-warfare agents are not fatal in concentrations encoun-
tered in the field and their combat value is due to their irritant action
w1 the hody.  One group of irritant substances aet primarily on the eyes
wnd are commonly known as lacrimators; others attack the nose and
throat and are generally termed respiratery irritants, or sternudators: a
few have special seleetive effects against other uorgans such as the ears
ermed tabyrinthic agents by the French). Also many lethal AZEN L
hive an irritant effeet far below their lethal concentrations,

All irritant agents, regardless of their =pecial physiological action.
have an indolerable fimil, which means the maximum eoncentration that
Wi wuprotected man ean endure without physical incapacitation, for the
period of time considered,  Usually this period is 1 minute,

The intolerable limits for the majority of irritant agents a< determined
Iy investigators in different count ries are in much closer agreement than
loxieity determinations, most of the differences being well within experi-
mental error,
~ The following tabulation shows the intolerable limits of the principa/
Irritant agents and agents of nthpfhrluwhs having an irritant effect :

L&

Livirs or Howaxy ToLERANCE FOR IRRITANTH

M. per | Lethal Last linel
liter | diwdes michey

N _ S | —o = f———
Phosgene 000 Lo 0. 5 5.000 450
Diphosgene. . .00 L 0. 50 a, (M) 500
Lewimte. ... ... ... ... .. ..., L v I 200 1,500
Mustard gas. .. ... . R C 4 N1 1, 504) 1,500
Chlorpierin. ........ ... ... .. ... .. S 22000 20,000 2,000
Ethylsulfuryl chlonde. .. . .. . . b Lo 10,000 2,000
Ethyldichloramsine ... . ... .. .. ... C 050 1 5,000 ! 3,000
Erhvlbromaretate . .. .. .. ... .. . .. 2.30 | 23,000 I: 3,000
Phenylearbvlamme ehlorde. ... ... ... 0.50 . 5,000 3,000
Chloracetone. ... ... ... . .o oo, . b 2.30 23, 000 ! 3,000
Benzyl jodide. .. ... ... ... ..., ... 300 A0, 000 3,000
Methvidichlornrsine . ... . el o0Ts 7,500 3,000
Acrolein.. . ... . ... ... ... |, D35 | 3.500 3,000
Diphenvlchlorarsine. .. . ... .......... : 1.3 15,000 1,0
Diphenylevanarmine. .. . .., ., 100 10, DiM) 1,000
Hromneetone. .. e e | 3.20 32, 000 4,000
Chloracetophenone ..., .... .. ....... ... . 085 | B 500 4. 000
Benzyl bromude., . ... L L, ¥ +.50 | 45,000 5,000
Aviviheoode .. L L L 5680 ' 56,000 §.000
Brombenayl evanide. ... ... .. .._.. _.... | 0.35 | 3,50 7,600
Chlorine. ...... ..., ... .. . . ... ... . .. ... | .60 ' 56,000 7,500
Hydroevanie aeid ., ... .. ... o2 2.000 |1, 000-4, 000
Carbon monoxide. .. .. 5 00 50,000 70,000

One of the difficulties is to be found in the form of the vhserved
toxicity curve shown in Chart II, By selecting various times of exposure,
finding the corresponding minimum lethal dosex from the enrve, and
multiplying these figures by each other, we obtain the variations in the
lethal index for phosgene as shown in the table on page 17.

Thus, by increasing the time of exposure from 2 to 75 minutes, we
find that the lethal index increases threefold, whereas, according to
Haber's formula, the lethal index should remain constant, irrespective

CW3 | Mg per

Agent symbol | liter
Diphenyleyanarsine, ... . .., CDA 0. 00025
Diphenylaminechlorarsine. ... ... e DM 0. 0004
Lewisite. .. . U S ¥ ( 00008
Mustard gas. . ... .00 L HS 0.0010
Diphenyleblorarsine. . .. . . ... DA 0.0012
Chlornectophenone. . | CN 0.0045
Bromaretone. ., .. 1 BA 0.0100
Ethvldiehlor reine e o '.I ED 0.0100
Ethvliedoscetate . .. . ... N e 0.0150
Xvivl broanpede . . L e 0.0150
Phosgene .. ..., .. ... . ... . : CG 0.0200
Methylkhehlorarsine. ... .. ... ... .. .... 1 MD 0.0250
Phenvlearbvinmine chloride. . ... .. R 0. 0250
Brombenzyl eyvanmide. ... .. ..., . ..., CA 0. 0300
Benzvl iodide. ... ... A 0.0300
Ethylbromncetate . S0 COaa s tar 0. 0400
Methyvlsulfurvl chloride. .. ....... . ._ ... .. . | 0.0400
Dichlormethy! ether. .. ... .. i 0. 0400
Daphosgene. . ............................ .. ... 0. 0400
Ethylsulfuryl chlonde. .. . ... ... .. .. e ). 0500
Chlarpierin. ... .. .. ... ... ... .. ... . PS 0.0500
Aerolein.................. ... ... ... 0.0500
Dibrommethyl othee. . . o 00 0. 0500
Benzyl bromide. ... ........ ...  ..,.... 0. 0600
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Cynnogen bromicle. .. ... .0 o0 o0 . ... | D.DBDO
Crvunogen chloridde . . o 0.0610
Perchlormethylmercaptan. ' e 0.0700
Chlorine., .. e e ! Cl 0. 1000
Chloracetone. ... ... .o ouus | - 0. 1000

Of these compounds, diphenyleyanarsine appears to exert the greatest
irritant effect, since only 0.00025 mg. of this gas per liter of air is intoler-
able after 1 minute, and 0,00000001 gram per liter of air proves decidedly
disagreeable,

From what has been said above, it is evident that high toxicity, while
an important factor, does not solely determine the utility of warfare
gases. An irritant agent of even low intrinsic toxicity becomes extremely
effeetive when not countered by the protection of the gas mask, so
that some sacrifice of toxicity value is clearly warranted 1if this
<erves to circumvent or increase the burden of protection. Thus,
forcing the enemy to mask frequently becomes an end in itself,
which is attnined positively and most efficiently by the irritant
nonlethal gases.

1Y
PERSISTENCY

Persistence is, in general, an expression for the length of time during
which a chemical agent remains and exerts its effect on the place where
it has been released. The physical properties of a substance are nearly
always the determining factors in its persistence.

In considering persistence, we distinguish two groups of chemical
YgCnts:

1. Pure gases, e.g., Cl and CG and toxie smokes {DA and DM).

2 Liguids and solids, e.g., HS and M-1.

In the ecase of substances of the first group, the entire amount of the
cotnbut ehemieal is distributed over the target area and there is none on
the ground in liquid or solid form. If it i= later deposited on the ground,
as ix =ometimes the case with toxic smokes, it plays no important role.
since these true pases are completely distributed in and float with the
air, they have about the same persistency as the air with which they are
mixed. They follow completely every current of air and, il a layer of
air which has been over the target area moves away, the chemical agent=
of thi= group follow its course. There are, however, always small
differences in the persistence of these substances.

The pure gases (Cl, CG) are heavier than the air, and so they have a
tendeney to sink into depressions in the ground and remain for a time
i the form of gas pockets in the deep spots where the air currents canno
eaxily penetrate and earry them further away. But, even in a complete
calm, they diffuse from these sheltered places and gradually become
hurmless through dilution with air.

The toxic smokes (DA, DM) sink finally to the ground, as does every
siioke, with a speed which is proportionate to the size of the smoke
purticles. Once on the ground, they can no longer rise and, like ordinary
dust, they are carried away by the atmospherie precipitations.

But bwith the diffusion of the pure gases and the fall of the smoke
particles proceed so comparatively slowly that these factors play uo
vsxential part as comparéd with the diffusing and dividing effect of the
vertical aud horizontal air currents. The persistence of the chemival
ugent of this group depends, therefore, chiefly on the conditions of wind
und, so far as the wind is affected by the lay of the land and 1t= covering,
un these factors also. It is thus easily =zeen that deep depressions in the
ground or thick high-standing forests may considerably increase the per-
sistence of the materials.

In the case of the materials of the second group (HS, M-1), the per-
sistence is considerably greater than it is with the first group, yet it
varies greatly according to the specifie properties of each substance.

Most of the materials of this kind gre liquids, which on the explosion
0
of the shell in which they are placed are sprayed out over the terrain

in Jarge or small drops, whence they evaporate into the air layers above
the ground. As long as there is liquid chemical material on the gronnd,
it is & constant source of replacement for the evaporated portion of the
material, which has been thinned down or carried away by the air
currents, The air is constantly contaminated anew with toxie or
irritant gases. Similar to the liquid ebhemical agents are some ngents
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which in the open gir evaporate without first beconing liquid (e.g., CA).

For tactical considerations, it is of deeisive importance to know how
long this process continues on a target area that has been covered with
gas. If we leave out of consideration, at first, the ordinary external
influences, then it appears that, above all else, the air temperature is the
dletermining factor.

Chemical agents volatilize with a rapidity proportional to the tem-
perature of the air, but in this they show great differences among them-
selves, For example, H8 volatilizes in the cold so slowly that the air
ahove the contaminated ground often does not contain enough of the
vapor to endanger respiration. In summer it always vaporizes [ast
enough, yet so economically that it may persist on the contaminated
ground under favorable conditions for three weeks or longer. On the
uther hand, CG volatilizes s0 quickly that an open country treated with
it may be entered without danger a quarter of an hour to half an hour
later.

The physical reasons for the great differences in the persistence of
chemical agents are to be found in the fact that these substances have
very different vapor pressures and in the degree to which thexe pressures
vary on change of temperature. The higher the vapor pressure at a
given temperature of the air, the less persistence at that temperature.
But the rapidity of volatilization of a chemical, which alone gives an
objective measure for its persistence, is not simply proportionate to the
vapor pressure, but has a complicated dependence on other decisive
fnetors,

A more satisfactory basis for gauging the persistence of the combut
materials i a table of the reciprocal values of rapidity of volatilization
which serves as a table of the relative persistence of the chemical agents.
For purpeses of comparison, the rapidity of volatilization of water at
15°C., is assumed to be 1,

The reciprocal values of the rapidity of volatilization are taken
hecause the persistency of & combat material iz greater in proportion
ax its rapidity of volatilization is small; water was selected ax the material
for comparison because the rapidity of its volatilization, by obzervation,
hus come within the experience of everyone. Computing the rapidity
of the volatilization from the vapor pressure wan= accomplished by the
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snversion of a process which, in principle, was first applied by the Amen-

can physicist Langmuir (Phys. J., vol. 14, p. 1273} in the formula

g0 .p [MT
c pNMT,

In this formula 8 signifier the persistency of the chemical agent,
¢, the rapidity of volatilization of water at 15°C., ¢ the rapidity of
volatilization of the chemical at the absolute temperature T, p; the vapor
pressure of water at 15°C., p the vapor pressure of the substance at the
temaperature T, M, the molecular weight of the water, M that of the sub-

<tance, T the absolute temperature of the air, T, the absolute tempera-
ture corresponding to the Celcius temperature of 15°,

PErsisTEXCY OF SBoME TyricaL CHEMICAL AGENTS
{That of Water at 15° Assumed ns 1}

Chemical | Physi- Temperature, "C.
BEEN1 icalutute 10 _5 o | 5 w | 15 | 20 | 25 | a0
CA Solid | 6,930, 4,110/ 2,490,530 960/ 610 305 200, 173
Liyuid | (2,720), {1,830) (1,250)| (860}, (600); (427); (307)| (2221| (163}
HR Solid | 2,400, 1,210 630, 333 181 Melis at 13.9°C.
Liquid | (1,162)] (690); (418) (258) (162)| 103 e.ri 4] 29
M-l |Liquid| 6.0 3.1 42.1128.5 19.6/ 13.6/ 9.6 6.9 5.0
Diphosgene | Liquid 27 1.9 1.4 1.0 0.7 05 n_4| 0.3 0.2
PS Liquid | 1.36 0.98 ©0.72,0.54 0.4 0.30.23 0.18 0.14
CG Liquid | 0.014; 0.012 0.010.0.008 Boils at 8,02°C.

In the case of CA and HS, under the normal melting point, are given
in brackets the persistency of the liquid phases. These materials,
especially the first, are obstinately inclined to remain liquid when cooled
holow the freeging point. Moreover, the freezing point of the commercial
product, on account of the unavoidable impurities contained therein, is
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of i=elf lower than that of the chemieally pure compound.

The use of the table is shown by the following examples. Liquid
HS hias, ot 15°C., a persistence of 103; liquid CA has a persistence of 427.
This wmeans that the first material under otherwise similar conditions
(siiilar uverage size of drops, similar wind conditions, ete.), takes 103
Himes as long to disappear from the ground by evaporation as an equal
mass of water, and CA is 4273, or about four times, ax persistent as HS,

Diphosgene and phosgene are also two materials which are chemically
closely related, But the difference in persistence between them is an
Mportunt factor in their tactical use. This ean be compared directly, as
A mile, only under B°C. (the boiling point of phosgene). Above this

22
temperature, phosgene no longer exists as a liquid under atmospherice

pressure, but changes into a heavy gas which seeks a way through uneven
lands, partly following its own weight, partly the air currents. In level
country, it moves only with the wind. Under 8°, phosgene can exist as a
iquid in the open, but even at 10° the persistence of diphosgene is
100 times greater than that of phosgene.

HS and M-1 are likewise two materials of very similar phyxiological
rfiect, distinguished by the vesicant effect on the skin which they pro-
dnee, especially when they are in liquid condition. But their persistence
ix quite different. In summer HS has a persistence seven to eight times
greater than that of M-1. Thiz is a well-known disadvantage of M-1 in
muost of the tactieal uses for these materials, and it is still further empha-
sized by the fact that M-1 easily undergoes chemical decomposition in
warm weather if moisture 15 present, which is often the case at this
=¢acon. But in winter M-1 iz superior to HS, as we shall see. The
difference of the persistence of the two materials i= greater then than
it 15 1 summer, for HS [reezes; as a solid body, it does not moisten the
nnforms, clingz to them less, and cannot work through them to the skin.
M-1, however, remains fluid even in winter and, moreover, its persistence
imereases to the degree possessed by HS in summer. So HS may he
crlled a8 summer gas and M-1 a winter gas.

CA, a lacrimator, is, =0 {ar as concerns persistence, the king of all the
vombat materials. The great persistence which it attains in low tem-
peratures has a limited value, however, as its rapidity of evaporation is
then =0 small that the air, in movement, does not become sufficiently
charged with the vapor of the material and so cannot exert a satisfactory
physiological effect.  Even in summer, the persistence of CA is so great
that it is frequently too long for most of the tactieal uses of an irritant
agent.  For this reason, the Americans prefer ON, another irritant that
has other advantages also, such as simple preparation and compounding
with explosive materials. On the explosion of the shell, it vaporizes.
The vapor exereises intense physiological irritation, but it disappenars
quickly from the air of the combat terrain for, on its further attenuation
(on account of the negative specific heat of the saturated vapor), it
precipitates and falls to the ground where, owing to very slow evapora-
fon, 1t exercises no effect worthy of note,

In the above tabulation all data are based on the rapidity of evapora-
tion of water at 15°C., without making any assumption as to the absolute
time of evaporation. Different influences play a weighty role on the
length of time that passes before a chemical agent, placed on a terrain, is
roimpletely volatilized.

First, the average size of the surface of the drops of the chemical,

which are sprinkled over the teamin, is of some significance. The
3

greater this surface is, the quicker, as a rule, volatilization will take place
But in this regard it appears that the difference between most of the
liquid chemical agents is not considerable, This is due to the fact
that their surface tensions, as measured in the laboratory, are about
equal. But the chemical agents can be senttered in very different sized
drops by varying the amount of explosive material in the shells. Yery
large drops will be divided up into very small drops in their flight through
the air and when they strike the ground. On the other hand, small drope
winte and form large ones through constant eontacis which tuke plaee
among their great number.  So there results a fairly constant average
stize for the drops, which makes it possible to disregard the influence
vaerted by the size of the dropg in rough estinintes.

But 1t 15 different with the influenes of the wenther, of the ground
formation, and of the covering. These factors can naturally affeet
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preatly the rapidity of volatilization. We ecan estimate their effeet
approximately only by empirieal rules.

If we compare the data that muy be deduced from war experience,
which in general agree fairly well with the figures in the above tubulation,
the following eonclusion may be drawn:

The persistence of a chemical agent in dry weather and on UpPeEn even
pround, for the duration of 1 hour, is taken as the unit of persistence
in the figures of the above tabulation. In greatly cut up land, double
value is to be assigned; in heavy forest, three times the value.

It must be noticed that heavy or continuous rain brings a premature
end of the persistence of the chemical agents that are clinging to the
ground, by w:whinF them away; a heavy snow fall makes them ineffective
by covering them over with a thick layer of snow. Where precipitation
1< frequent, persistencies of more than two or three weeks are seldom
realized, il we except house ruins and similar places which are protected
from the weather,

Summary.—The method developed above for determining  the
prrsistence of chemieal agents makes it possible:

1. To form a dependable judgment in regard to the persistence of even thume
“hemicals, coneerning which no wur or other practical expericnees are availuble:

2. To tuke into considerntion, as aceurntely as desired, the temperature of the air,
whicl, next to nir currents, exerts the most mmportant tactien] influence of the day on
the persistence of the chemical agents.

EFFECT OF WEATHER ON CHEMICAL WARFARE

While chemieal agents are influenced by weather conditions more than
4ny other weapons, this does not mean that the occasions on which
chemiealy may be used in battle are limited to faverable weather, Cloud
gus released from eylinders is the only form of ehemical attack that cannot
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be launched with some degree of effectiveness in almost any weather in
which combat takes place. However, weather conditions do largely
influence the form and technique of chemical attack and are frequently
the deciding factor in the success or failure of the undertaking. Hence,
a thorough understanding of the effect of weather conditions on the
employment of chemicals is essential to a successful use of chemicals in
WHT.

The Six Weather Elements.—The weather at any particular time and
place is completely determined by the following:

“ind.
Precipitation.
Temperatire,
Pressure.

Clouds.
Humidity,

Since weather is the condition of the atmosphere at any time and place, it
is best described by giving numerical values for its elements, These six
elements will be taken up and considered separately. Chemical-warfare
operations are more or less concerned with all of them.  For example, the
Tuetors mfluencing gax or smoke clouds are, in order of importance: (1)
wind, under which should be considered the direction, steadiness, and
velocity of the wind, and eddy currents due to the proximity of woods,
uneven ferrain, ete.; (2) precipitation; (3) temperature; (4) pressure:
(3) clouds; (8) humidity. The effeetiveness of all smokes is greatly
increased by high humidity; on the nther hand, high hunidity tends to
destroy some of the irritant agents by hydrolysis. ' Cloudiness has a
very marked effect on the rise of smoke clouds. The persistency of
agents is largely dependent upon temperature and wind velocity., So
it will be seen that ho chemical-warfare operation can be considered
without reference to the westher elements.

The numerical values of the weather elements are by no mreans
constani, but are alwayvs undergoing change or variations.

Winp

Ait in motion near the earth’s surface and nearly parallel to it js
eulled wernd,  All other motions of maseos of air should be spoken of as
air currents. In connection with wind there are three things to be
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determined or measured, mz | the direction, the veloeity, and the gustiness.

Direction.—The wind is named for the direetion from which it comes:
thus, if the air moves from the north toward the south, it iz called a north
wind. o5

In noting wind direetion, cight points of the compass are used, vis.,
the cardinal points, north, south, east, and west, and the four inter-
mediary points, northwest, southwest, northeast, and southeast. The
magnetic azimuth of winds 15 sometimes used n chemical-warfare
operations

Wind direction ean be determined in the field by measuring with a
rompass the direction of drift of smoke or of dust thrown into the air and
adding 180 degreea, It ean alao be determined by means of a portable
wind vane previously oriented by compass, or by taking the magnetic
agimuth from the wind vane to a point indicated by its arrow.

Velocity.—Wind velocity ean be estimated by using the [ullowmg
ralie:

Meters

Miles
Titler Deweription per per

gecomi hour

Calm........... ... C;alm, smoke rises vertically Less than | Less than
. 0.3 1
Light air. .. .| Direction of wind shown by smwoke drift | 0.3-1.5 1-3
+ but not by wind vanes
Shight breeze . | | Wind felt on face; leaves rustle; ordinarv | 1.6-3.3 47
vane moved by wind
(ventle breeze. ... . .. .| Leaves and small twigs in constant mo-| 3.4-5.4 8~12

tion; wind extends light fing !
Moderate hreeze. . ... i Bwnvs branches of trees, blows up dust | 5.5~-9.8
from the ground, and drives leaves and
paper rapidly before it ' !
.| Thiz swavs whole trees, blows twigs und | 9.9-14.3
small branches alung the ground, raises
clouds of dust, and hinders wulking
aomew hat

.y Thiz breaks branches, loosens bricks 14 4-32.2
from chimneys, ete., litters the ground

i with twigs and branches of trees, and |

hinders walking decided]y :

.| Complete destruction of almost every- | 32.2 on

| thing in its puth I r
|

12-23

Fresh breege. .. . ... 23-32

High wined . . .. 33-72

Hurricane 72 on

Wind veloeity can be measured by mean= of an anemometer and a
watch, The anemometer measures the distance in meters traveled
by the wind in the space of time measured by the watch. Thus, if in
1 minute the anemometer registers 606 meters, the wind has traveled
606 meters in 60 seconds or

606 + 60 = 10.1 meters per second
Meters per second X 2.237 = miles per hour

Miles per hour X 0.447 = meters per second
26
Wind velocity increases markedly with altitude. This will often be

noted in ohserving the travel of smoke clouds. The higher velocity above
the ground sometimes causes a rolling movement of the top of the cloud
and the top is carried forward faster than the body of the cloud. The
increase in velocity with altitude is very rapid in the first 100 to 200 ft.,
particularly over land. '

The effects of surroundings on wind should be carefully considered in
any loeal observation of direction and velocity,

Gustiness.—Wind, both as regards direction and velocity, is probably
more affected by the immediate surroundings of the place’ at which
observations are made than any other of the meteorological elements.
There are four things to he especially considered: valleys, buildings,
nature of the surface, and altitude. Valleyx influence wind direction
markedly and velocity to a slight extent. Valleys have a tendency to
cause the wind to blow slong their length, Buildings increase the wind
velocity near them and also make the wind gusty. In fact, one result of all
unevennesses in the surface over which air passes is to cause gusts. The
nature of the surface also has s marked influence on wind velocity.
On land the wind velocity is very much reduced near the earth’s surface.
This is brought about not only by friction but also by the intermingling
of air masses and by the formation of eddies that result from the uneven
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purface. Turbulence may be defined ax the sumi of all the loeal air
currents. It causes & complete mixing of the atmosphere and conse-

quently the dilution of a gas or smoke cloud.
of gustiness,

Effect of Wind on Chemical Warfare.—PFersislen! agenls are used to
aaturate the surface of the ground and the vegetation and hence are
not easily blown away. Windx have little effect on their use. Evapora-
tion will be slightly increased by high winds, but the high winds blow the
vapors away =o rapidly that their effectiveness is not greatly increased.

Nonpersistent Agente.—With this class of agents the wind is of
plin:m'_y iln]m!'[uuu::, l::-.tj.u:::].un_'.' i the method of |ul.l|ml,r.utlml 1= |_.'r'1- Lie wse
of cvlinders, The three characteristics of the wind which are especially
important are the direction, the relocity, and the steadiness.

i. Direction.—When cylinders or irritant candles are used, the direc-
tion of the wind must be such that it will earry the agent from our
emplacement to the enemy's position without carrying it into any portion
of our own position. When our own linex and the target for projectors
or mortars are in close proximity, the wind direction itz zimilarly of
importance. When we are using chemicals from artillery shells, bombs,
or airplanes, the direction may not be so important unless the action is
long =ustained with a wind toward our own troops. Then the fumes
may be carried to our position ang_cause trouble.

)

2. Velocily.—When cylinders and irritant candles are used, the
veloeity should not be less than 3 miles per hour betause winds having
a lower velocity than this are likely to be gusty and variable. They may
die down or even reverse and blow the agent back on our own troops.
However, when the agent is delivered by artillery, mortars, projectors, or
bombs, this lower limit of wind velocity need not be considered.

The wvelocity should not be over 12 miles per hour beeause winds
having higher velocities than this tear the cloud apart and, immediately
after the agent 1s released, mix it with large quantities of air (through
turbulenee) and eause the coneentration to be lowered.

The higher the wind velocity, the faster a given wave or cloud will pass
over the enemy’s position, the shorter the time he will be exposed to it,
and the less effective 1t will be. If & certain result is desired and if a
high wind 1s blowing, more agent must he used.

It is clear from the foregoing that, in general, a low rather than a high
wind veloeity is to be desired in order that the cloud may =stay over the
enemy as long as possible and in order that economy in the use of agents
may be practiced.

The higher wind velocities also tend to cause turbulence and eddies
over trenches and valleys, rausing the agent to rise and preventing it
rom penetrating into trenches and dugouts,

With high wind velocities the cloud may also be so torn apart that
groups of the enemy will be left in gas-free “islands’’ and =0 escape its
pflect.

The upper limit of 12 miles per hour is just as important with artillery
and projector shoots as it is with cylinder attacks, owing to the tendency
of high winds to tear the plouds apart and disperse them before they have
existed long enough to be effective.

The technical limit of 12 miles per hour is sufficiently high to prevent
the enemy from running out of the cloud to safety. This becomes
evident when we consider that a man at a brisk walk covers only 4 miles
per hour, that a horse at & trot covers 8 miles per hour und at a gallop
12 miles per hour,

3. Steadiness 15 important both as to direction and velocity. The
wind should maintain its direction and velocity over a wide front for at
least as long as the chemical attack is to last. Otherwise, conditions will
be gusty and squally and the gas cloud will be broken, whirled up into
the air, and rarefied. For obvious reasons, the nearer the cloud
upproache: any portion of our own trenches, the steadier the wind
=hould he,

Irritant Smoke Clouds and Screening Smokes.—Irritant smoke clouds
uy be generated from candles or from shells or bombs, In the firx
tuse, the same principles apply as were discussed under nonpersistent

Steadiness 18 the opposite

2 : SETIN
clouds. Again in the two latter cﬂna&a, only the upper wind-velocity limit
need be considered, when the cloud might be dispersed or blown over the
rnemy too rapidly for sufficient effect.
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Sereening smokes may also be generated from candles, shells, bombs,
or airplanes. When a smoke screen is generated from candles, the wind
must be in the proper direction to accomplish the desired result. It must
usually blow toward the enemy. Here again, and for the same reasons as
xtated ahove, the upper velocity limit should not be exceeded. The lower
limit is not so important since, even if the wind did reverse itself, the
screening smokes are harmless to personnel. Steadiness of the wind i
important with screening smokes so the smoke cloud or sereen will not be
torn asuncer, leaving gaps through which the enemy may see. Generally,
variations in wind velocity are accompanied by variations in the wind
direction, even as much as 180 degrees. Large wind-direction changes,
oeeurring at rapid intervals, often produce turbulent conditious, espe-
cially if arcompanied by large veloeity changes.

The effect of varying winds makes suceessful screening difficult
because of the breaks in the sereen and the rapid dissipation of the amoke.

Convection currents, due to bright sunshine, lift the eloud high in the
air and often prevent satisfactory screening.

Convertion currents are not so strong in presence of high winds as
m the easex of light winds because high winds rapidly mix the warm
surface-heated air with the superimposed and surreunding cooler air and
tend to prevent their development.

Wind and Safety Limits.—Since the successful use of nonpersistent
ugents is largely dependent on wind conditions, it is essential to establish
rules governing the relation of the wind direction and veloreity to the use
of nonpersistent agents. Wind-direction limits are preseribed primarily
In the interest of safety to friendly troops, while wind-velocity limit~
insure a reasonable chance of success in the operation. Safet y pre-
cautions require wind limits for the portable cylinder, the irritant candle,
the Livens projector, and the 4-in. chemical mortar.

They are not required for artillery weapons or for the 4.2-in, chemieal
mortar uiless the runge is less than 1,200 yd.

A general rule for the use of mustard gas and other highly persistent
vesicants is as follows:

Let X = safe distance from our lines to near edge of target area,
A = depth of target area in direction of fire,
B = width of target area.

Then

X =4 T2 (but never less than 1,000 yd.)
TEMPERATURE AND CLOUDS

Effect of Temperature on Chemical Warfare.—Persisient agenis are
much more effective when used in hot weather. Under these conditions
there is sufficient vapor generated to cause skin and lung casualties. Hot
weather without rising air currents gives the ideal temperature condition.
Under cold-weather conditions the blister effect from the vapor is not
obtained, although the agents will still cause casualties if personnel comes
in actual contact with the chemical, as by walking through vegetation
im which the agent has been sprayed.

Nonpersigtent Agents.—In contrast to the effect on the persistent
agents, high temperatures are a serious handicap to the use of nonpersist-
ent agents. High temperatures cause the atmosphere near the ground
to become heated, and thus lighter than the overlying and surrounding
air, It then has a tendency to rise or be displaced by the cooler, heavier
uir, and rising or convection currents may be set up. These will cause
the cloud or agent to rise rapidly over the heads of the enemy and to mix
with large quantities of air, thus lowering both the persistency and the
roncentration.  Convection currents are especially prevalent in the after-
noon over dry or plowed ground or ground free from vegetation. On
the other hand, on days when the temperature is low, the lower layers
of the air will remain cool and there will be no tendency for an over-
turning of the atmosphere. The length of time that a definite amount of
ugent will give an effective cloud of a desired persistency and concentra-
tion is thus increased.

It may be said, then, that high temperatures which usually oecur on
bright sunny days usually produce conditions unfavurable to the success
ol nonpersistent gas atfacks, und that the cooler purts of the day, such
#s from midnight to dawn, are the most favorable periods for gas attacks,
Normally, the coldest part of the 24 hours orcurs at approximately
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SUTITI=C.

frritant Smokes and Screening Smokes.—The smokes are comparatively
tre from the influence of atmospheric temperature insofar as the forma-
tion of the original cloud is concerned. Tle cloud once formed is
affected in the same way as clouds of nonpersistent agents,

Temperature Effects at Night.—During the daytime the temperature
over.a limited area, say s square mile, is about the same unless there are
murked changes in topography or soil.  Ou days with much sunshine and
a low wind veloeity, the lower poiuts, particularly those in narrow
vulleys, may be a few tenths of a degree warmer than the upper parts
of the area, At night, the layer of air next to the ground grows colder
and denser and drains like water into the valleys and places of low

elevation.  If the wind is unable to remove these pockets of cold air, o

30
marked variation in temperature over a limited area will be found. For

every limited area, there will be a eritical value of wind veloeity, which
Ior most areas is probably not far from 3 miles per hour. As long as the
wind velocity remains higher than 3 miles per hour, these pockets of air
will be removed and mixed with air at other points and no variation in
temperature will be found. Since the question of variation in tempera-
ture depends upon the interplay between the drainage of colder air and
the ability of the wind to remove these pockets of cold air, the variation
will depend not only upon the elevation but also upon the openness
of the valleys, their direction, the roughness of the surface, and the direc-
tion from which the wind comes.

Because of the tendency of surface air to cool and drain into valleys
and depressions, such places in the vieinity of gassed areas will, on calm
mghts particularly, be likely to contain dangerous concentrations of toxic
agents, This 15 a matter which should receive careful consideration
in the disposition of troops near a gassed area,

Effects of Clouds on Chemical Warfare.—Clouds as meteorologica!
formations have no direet effect on any chemical agent. It is through
their effects upon other meteorological elements that they become
important to the chemical-warfare officer. Clouds attain their efferts
through their control over temperature. They shut off the sun’s rayx
and thus shield the surface of the earth from some of the heat of the sun.
A clear hot sunshiny day has been deseribed as one favorable tn eon-
vection currents and to a rapid rise of the agent from the ground. An
overcast or cloudy day is less favorable for the development of rising air
currents, and hence the agent will stay near the surface of the earth
for a longer period of time. A sunshiny day, then, is unfavorable to the
suceess of chemical attacks and a cloudy day 1s favorable.

PRECIPITATION

Effects of Precipitation on Chemical Warfare. Persistent Agents.—
Heavy rain is unfaverable to the successful use of any chemical agent.
Under this weather condition the cloud of any agent will be washed
from the air and beaten to the ground. FEven the liquid agent, such as
mustard, will be washed away, hydrolized, and destroyed.

Nonpersistend Agents.—The concentration of clouds of other agents
sirh as phosgene and chlorine is immediately lowered by rain. Snow
and hail, to a lesser extent, act in the same way,

Irritant Smokes.—These agents not being hydrolized, light rains and
mists are not especially unfavorable and may even be of assistance in
hiding the characteristic color of the cloud. Heavy precipitation,
however, i unfavorable in the case of irritant smokes. Heavy rains
wash thie agent from the air in thes'-‘.iame way that they clear the air of

other dust particles. Heavy snow will also remove toxic smokes from
the air by coming in contact with the smoke particles and carrying them
to the ground.

Screening Smokes.—For the same reasons that a high humidity is
favorable for the use of the screening smokes, so also are light precipita-
tion, fogs, and mists. These furnish the necessary water for the hydroly-
sis reaction. Also under conditions of fog, light rain, or mist, visibilit ¥
will be very much restricted and hence the amount of screening smokes
necessury to obtain a desired end will be reduced. This is due both
tir the obscuring power of the mist and to the increased efficiency of the
<muke in the damp air. On the other hand, here again heavy precipits-
tivn tends to beat the smoke cloud down and wash it from the atmosphere.
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HouMIipity
Humidity 1s defined as the state of the atmosphere as regards mmsture

If the air were absolutely dry, its humidity would be spoken of as zero.
It i= the humidity, as much as the temperature, which makes one uncoms-
fortahle on ¢ hot sultry day. A moist hot day in sumumer ix mueh maore
oppressive than a dry hot day because the moisture in the atmosphere
prevents that free evaporation of the perspiration from the human hody
wlorh cools it.  The cold is also more penetrating on a damp day than
on a dry day. The reason is that the moisture makes the clothing a
better conductor of heat and hence the body iz cooled faster. Absolute
humidity is defined as the netual quantity of moisture present in a given
quantity of air. It may be expressed in grains per cubic foot or grams
per cubic meter, By relative humidity is meant the ratio of the actual
amount of water vapor present in the atmosphere to the maximum
quantity it could hold without precipitation. Relative humidity ix
always expressed in percentage.

Effect of Humidity on Chemical Warfare. Persistent Agents—The
humidity of the air will have no appreciable effect on the persistent
agents regardless of how they may be released.

Nonpersistent Agents.—The nonpersistent agents are very slightly
bydrolized by water vapor in the air. Phosgene shows the greatest
effect in this, but even it is not greatly attacked. Thus the first part of a
phosgene cloud moving through an extremely damp atmosphere will
bave a slightly lower content of phosgene than the following portions
of the cloud, but still the cloud as a whole will be effective.

Irritant Smokes.—These agents are not affected by the ampvunt of
water vapor in the uir, since the agents hydrolize very slowly.
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Screening Smokes.—These agents are made much more effective by a
high absolute humidity in the surrounding air. Since the initial chemi-
cal reaction generally produces a compound which i readily hydrolized
and which in being hydrolized is broken into still smaller particles, the
cloud becomes more effective on damp days. It is not necessary in the
field, however, to make messurements of the humidity because the other
weather conditions favorable to smoke sereens are usually accompanied
by a sufficiently high humidity. If humidity is low and other conditions
are favorable, a satisfactory screen may be maintained by firing a some-
what greater quantity of agent.

ATMOBPFHERIC PRESSURE

The pressure of the atmusphere is simply the weight of the colunm of
air above the station in question, extending to the limits of the atmos-
phere. Atmospheric pressure thus diminishes with elevation above the
parth’s surface because there is a smaller quantity of air to exert a down-
ward pressure, We are probably less consciousr of atmospheric pressure
and its changes than of any of the other weather elements. In meteoro-
logical work the pressure of the atmosphere is usually expreased in terms
of inche= of mercury. Thus a pressure of 30 in. means that the pressure
of the atmosphere is the same as the pressure exerted by a column of
mercury 30 in. long.

Effects of Pressure on Chemical Warfare.—Pressure has no appreci-
nble effect upon any of the chemical agents except insofar as it controls
vertical air currentz and winds. The winds tend to move from highs
toward lows, and the greater the change in pressure, the stronger the
winds which may be expected,

Rising air currenis are unfavorable since they cause the eloud of agent
tar be earried upward, in spite of its weight, and to rise over the heads
of the enemy and be carried awsy. Rising air currents are often formed
when the pressure is low, and they tend to follow the renter of the low
nresa.

[descending air currenis are to be desired. These are often found when
the pressure is high, and they tend to accompany high areas in their move-
ments,  In the presence of these currents the nir tends to earry the agent
downward and thus holds the cloud close to the surface of the enrth where
H i= most effeetive.

MILITARY APPLICATION

Now that the basie principles of chemical action have been broadly
vutlined, there remains to be considered the manner in which chemieal
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agents are employed in battle,

\Viewing the typical mn{iem'jﬁatt]eﬁeld in panoramic plan, each
military arm may be regarded as responsible for definite areas which are
largely delimited by the ranges of the weapons of thal arm. Infantry,
for example, is directly concerned to a distance of say 1,000 yd. to its
front, which is about as far as infantry rifles are practically éffective.
Chemieal troops operate in the next sone out to about 2,500 yd. from ke
front lines. Light artillery can reach well beyond this limit and therefore
iz cuneerned with areas up to about 8,500 yd. beyond its own front lises,
Bevond this zone the longer ranges of corps and army artillery come into
pliv, extending the depth of attack to 15,000 yd. Attack atrerait
employing chemicals usually cover the enemy’s combut zoue to a depth
of about 15 miles. Bombardment aireraft are seldon utilized within the
offertive range limits of artillery, but beyond this may be employed so far
as cruising radii permit (about 1,150 miles). Flanks are usually given
over to mechanized cavalry, which may be expected to penetrate for
considerable distances within enemy territory (see Diagram 1, Chuap.
[1I). Weapons appropriate for the dizpersion of ehemical agents are
characteristically employed in each of these distinet aress of military
action.

Within their range {2,500 vd.), the special weapons of the chemical
troops afford most effective and efficient means of laying down chemical
concentrations. For this reason, rhemical troop: are attached to the
front-line infantry units in the attack and render close support by
accompanying them in the advanee and treating the vital zone directly
in front of the attack with concentrations of ga= and smoke upon targets
most threatening to the advaneing infantry.

The zone next beyond that covered by chemical troops’ weapons is
treated by the divisional artillery with chemicals as well as high explo-
kives. | Medium and heavy artillery of the eorps and army are then
called upon to disperse gas and incendiary agents at longer ranges;
atrers[t utilize the same agents in operations which i most cases may he
Vermed solf~completing, 1.e., they are not dependent upon ground foree fon
consolidntion and exploitation. To support and =upplement the action
uf mechunized cavalry, special chemical truops are attachivd and set as
components of these units, dispersing smoke and both persistent wd
numpersistent guses,

Means for employing of chemical agents in military operations are
therefore characterized by considerable flexibility, and properly so,
beecause the successful use of the chemicals in battle often hinges on
natural and tactical circumstances not predictable long in advance.
The infantry and cavalry are thus not encumbered by chemical weapons,
but ure supported within their immediate zones by the attachment of
themieal units from lngher tatti:;:iul reserves when the need for them
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arises: the supporting arms—artillery, air and chemical—are habitually
provided with suitable chemical munitions which permit the establish-
ment of appropriate concentrations of chemical agents in the areas with
which they are particularly concerned.

So the chemical arm has been assimilated into the organic structure
of modern armies without necessitating material changes in their basic
organization. But the use of chemicals in combat has brought about the
extension of military action into the fourth dimension, thus completing
a ryele of evolution that has witnessed battles successively waged with
fistx, elubs, arrows, bullets, and molecules.

By means of molecular “bullets,”” man has finally learned the secret
of waging war in such manner as to temper the blows of battle with
sunething of the nicety of a skilled anesthetist. For, among chemical
agents, it is actually practicable to select those that vary in effect all the
way from simple lacrimation to quick death; it is thus within the range of
possibility to conduct a virtually deathless war with chemicals—a result
entirely beyond the scope of explosive munitions or any other military
agents heretofore devised.

As to those gases that are potentially lethal, we know with certainty
what the expectaney of fatalities per hundred easualties will be under any
given conditions, while complete recoveries from nonfatal gas casualties
are surprisingly high. In fact, the military value of chemicals derives
not from their deadliness per se, but from their direct influence upon
tactical situations, from their effect upon military units rather than on
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imdividuals,

The gradations with which this effect may be exerted are wide, thus~
affording a flexibility never previously attainable in weapons of warfare.
The laws of diffusion and dilution of gases, and of the travel of gas clouds
i the ficld, have been carefully determined and have been found to be as
definite and exact as the laws of ballistics, so that, while effective con-
ventrations of gases may be extended over wide areas, such conicentrationgs
miny ul=o be carefully delimited o as never to extend beyond the srens
mtended to be gussed. Moreover, within a speeific area coneentrations
miay be strengthened or reduced according to the nature of the task at
hand,  Controlled effect, resulting from technieally correet application, is
therefore a novel and outstanding characteristic of chemical warfare.

From thi= it follows as an underlying principle of chemical action
that any sizable gas attack, delivered with due regard to tactical and
technical considerations, may be depended upon to produce predictable
mihtary results, In subsequent chapters is to be found an elucidation
of the tvorollary principle that the number of outright casualties so
inflicted upon an opponent will be increasingly high in proportion to his

deficienciex in gas disecipline, -

CHAPTER 11

TECHNICAL AND TACTICAL REQUIREMENTS OF CHEMICAL
AGENTS

The total number of compounds known to ehemical seience has boeen
variously estimated at from 300,000 to 500,000. Of these, some 200,000
have been studied to the extent that their principal properties are of
record (8).  As nearly all chemical compounds exert some toxie effects
(vither local or general) upon the body, it is not possible to estimate with
accuracy the total number of toxie substances. However, several
thousands of eompounds have such pronounced toxie properties as to
hring them distinetly within the field of toxicology, and their toxie
powers are well known.

From this vast field, over 3,000 chemical compounds were selected
#iel nvestigated for use as chemices] agents during the World War, but
ouly about 30 were found suitable for actual use in the field. From
this group, about a dogen were finally adopted and used extensively as
wir agints, and of these not more than half were notably surcessful.
This may seem remarkable when it is recalled that the combined efforts
of the world's leading chemists were intensively concentrated for nearly
four veurs on the problem of finding and producing the most effective
chemical agents. The reason for this apparent meager return for the
“ffort expended is found in the many exacting requirements which a
chemieal substanee must meet before it can qualify as a successful
chemieal-warfare agent.

These requirements may be logically considered in two ETOU Ps—
thetechnienl and (2) tactical. The teehnical requirements are those
mwverhied with the problems of quantity production and utilization
i the various forms of chemical munitions; the tactical requiremients
are those involved in the effects produced on the field of battle.

TECHNICAL REQUIREMENTS

i
Sinee the technieal requirements for chemical agents are common to all
the classes, 1., kases, smokes, and incendiaries, these requirements will
be considered withiout dist Inction as to class of agent,
Raw Materials.—To be effective in war, chemical agents must be
used In enormous quantities, and hence the raw materials from which

these agents gre made must receive first consideration. It iz obvious
36
that before a chemical substance is adopted for use in war, the raw

materials from which it is manufactured must be available in the quanti-
ties required for, no matter how militarily effective & substance may be,
it should not be adopted as a chemical agent unless it ean be made in
sufficient quantities from materials that are available under war condi-
tions.  Thus, if a chemical rompound requires for its manufacture one
or more ingredients which eannot be produced in guantities from domestic
matenals, dependence must he placed on importation from some foreign
country. Such a source of supply may be cut off in war, for even neutral
sources of supply will be unavailable if control of the sea or intervening
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land areas is lost,

For certain critical materials which are not required in prohibitive
quantities and are stable in long storage, it is posxible for a government
to acquire in time of peace a sufficient stock to last through the duration
of a war. Buch cases will be exceptional, and we may therefore lay down
as a first requirement that the raw materials for a chemical agent should
be available from domestic sources. This requirement at once rules
out a vast field of possible compounds depending upon the extent of the
domestic resources of a country.

Ease of Manufacture.—Of hardly less importance than availability
of raw materials is the next general consideration—ease of manufacture.
No matter how effective a compound may be on the field of battle, if it
18 difficult to make, there i¢ always the serious threat of failure of supply
under war conditions. Complicated chemiecal processes require highly
skilled persorinel to carry them put successfully, and such personnel is
difficult to make available when the whole industrial machinery ix in high
gear to meet mobilization demands. Moreover, special apparatus and
equipment are frequently needed in the more complex chemical processes,
often limiting production.

A classie example of the difficulties and delays, encountered in
attempting Lo produce a chemical agent that involves a complicated
process of manufacture, is mustard gas. Notwithstanding that a process
of making mustard gas had been worked out by Vietor Meyer years
before the war, France was unable to manufacture mustard and use it in
retalintion against the Germans for nearly a year while Fngland did not
use it until after 15 months of intensive effort.  Even when the Allies did
produce mustard gas they had to make it by a much si nmipler process than
that used hy the Germans.

Simplicity in production not only makes far less demands on the
chemical industry but immensely simplifies the supply problem in war.
Simple processes can easily be completely performed in one plant, thus
avouding unnecessary transfer of intermediates from one plant to another
with the attendant confusion and difficulty of coordinating production.

[

Chemical Stability.—The next most important general requirement
is perhaps chemical stability under all conditions of storage. Many com-
pounds otherwise suitable for chemical warfare react with iron and there-
fore cannot be stored either in bulk in steel tanks, or in ordinary shells,
bombs and other projectiles. This seriously detracts from the value
of the compound for war purposes since it necessitates special linings of
lead, porcelain, ete., in sll containers and munitions into which the
chemical is filled.

The most effective lacrimators used in the war were bromine eom-
pound~, and these were not stable in contact with iron and steel con-
tainers.  Much time and effort was therefore expended in developing and
producing special linings for all receptacles for these ERRCS,

The production of satisfactory linings in this country proved to be
such a formidable task that immediately after the war the United Stutes
Army developed a new tear gas (CN) which did not eontain bromine an
was stable in long storage under all conditions.

Hydrolysis.—Closely associated with chemical stability 1s the matter
of hydrolysis. If & compound hydrolyzes in contact with water it not
only greatly reduces its effectiveness in the field but seriously complicates
its storage and loading into munitions. Since water vapor i alwuys
present in the atmosphere, compounds that hydrolize must be completely
protected from contact with the air in storage and nlso specinl
precautions must be taken in loading sueh chemicals into shellv and
"other projectiles,

Tlius, phosgene slowly hydrolyzes in contaet with water; hence, when
filling phosgene into shell, great care must be exercised that the eavity
of the shell is absolutely dry before filling. Even water vapor from the
uir condensing on the inside walls of the shell may be sufficient to hydralize
the phosgene and break it down into hydrochloric acid which at onee
attucks the steel walls of the shell body.

Polymerization.—Another form of chemical instability which is fre-
‘itently fatal to the use of & compound as a chemical agent is polvimerizu-
ol When a chemijeal compound polymerizes, it usually changes into
-:uljmt ance which has radieally different physical and phy=iological prop-
rties.  Thus a chemieal compound may be a very active lacrimator in
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une form while its polymer will have no lacrimatory power at all, so that,
i polvmerization occurs after filling into munitions, such a compound will
he useless in the field. This was the difficulty with the French tear gas
“Pupite' used in the war. Chemically, “Papite” is acrolein (CH;:-
CHCHO) and is a rather powerful lacrimator in its primary form. In
Morage, however, it polymerizes into a secondary form which has little or
" luerimatory power. Hence this substance was subsequently aban-

d1|]|l11 a= a 1eal i
a chemical agent P

Dissociation.—An important requirement of a chemical agent, when
used in projectiles, is capacity to withstand the heat and pressure of
dispersion from strong thick-walled containers (such as artillery shell)
without decomposition or dissociation.

In order properly to open an artillery shell and effectively release its
chemical contents, a high-explosive charge is used. Upon explosion,
temperatures as high as 3,000°C. are created while pressures as great as
80,000 1b. per square inch are generated in the shell. Many compounds
that are perfectly stable at ordinary temperatures and pressures will
break down and decompose under the high temperatures and pressures
generated upon explosion of the bursting charge.

In some cases, the decomposition upon explosion may be complete,
as when chlorpicrin is used with a large bursting charge. Here the loss
i= complete, and such compounds cannot be employed in projectiles
which require heavy bursting charges to open them.

In other cases, only a partial destruction of the chemical filling results,
as when too large a bursting charge is used with volatile gases, such ax
phosgene. But to the extent of the decompesition involved, the effi-
viency of the shell is lowered, To avoid such losses, a shell of lower
tensile strength and a low-temperature type of explosive charge may
be used. Such shell of cast iron and semisteel were employed by the
British and French during the war. But the capacity of these shell was
mueh less than that of the steel shell o that the net gaan was not great.
Another solution was the thin-walled steel shell which could be opened
with a smaller explosive charge. In any case, however, compounds which
tend to break down at elevated temperatures and pressures involve
limitations and technical difficulties that make it very desirable to find
=ithstances that are unaffected by such conditions.

Another form of decomposition is inflammability. If a chemical
filling ignites upon explosion and is consumed in flames, its physiologieal
effect is lost; =0 it is obvious that a prime requisite of a chemical agent
for u=e in bursting munitions is capacity to withstand the temperatures
and pressures of explosion without dissociation through burning,

Physical State.—Chemical compounds may be either solids, liquids,
or gases at ordinary temperatures. 17 gaseous at ordinary temperatures,
it i essential that the compound be eapable of being held in a liquid state
under moderate pressures, sinee the quantity of a gaseous substunee that
ean be contained in au ordinary projectile is negligible. Chlorine and
phosgene are examples of substances that are gaseous at ordimary tem-
peratures under atmospherie pressure, but these gases may be held in the
liquid =tate under moderate pressures which ean be maintained in ordi-
nary projectiles.  On the other hand, such compounds as hydrocyanic
acid and carbon monoxide, while extremely toxic, cannot be liquefied
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at ordinary temperatures with moderate pressures, and hence these
gases cannot be used successfully in projectiles. Accordingly, we
may lay it down as a basic requirement that chemical agents must
either be solids or liquids at ordinary temperatures and under moderate
Pressures.

As between solid and liquid chemical agents, the solids are generally
to be preferred as shell fillers since solids have many advantages over
liqrads in projectiles.  If the chemical agent is a solid, the cavity in the
projectile may be completely filled, as in the case of high-explosive filling,
#il there 15 then no difference in ballistic behavior between such chemieal
shell and H.I. shell.  On the other hand, if the chemical agent is a liquid,
the shell cavity eannot be completely filled but a certain percentage of
clpty =pace must be left in the shell to permit expansion of the liquid
with rise in temperature. The void thus left in the shell affects its bal-
listic charactenistics, and the general experience in the war showed that
liquid-filled shell had to be fired with special range tables. But whether
or not sperial range tables are required for liquid-filled shell, it is certain
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that the behavior in flight of liquid-filled shell differs from solid-filled
shell.  Thix difference is bound to be reflected in the dispersion of shots
and the impacet patterns obtained. This problem will be further eon-
silered in a later chapter on artillery shell.

Liquids have one possible advantage over solids as chemical fillings
for projectiles in that they are generally more easily dispersed on the
opening of the shell.  As a rule, solids require a greater bursting charge
te disperse them effectively, and the solid partieles resulting do not dis-
seminate into the surrounding air so readily as the vapors generated by
liquid fillings.

Boiling Point.—Among the liguid chemical agents those with the
higher hoiling points and lower vapor pressures are preferred. In
gencral, the higher the boiling point, the lower the vapor pressure at
orilinary teiperatures and the less the pressure generated in the container
in storuge.  Hence, generally, a smaller void may be employed in filling
the «hell and less leakage is apt to occur in storage and handling. On
the other hand, the higher the boiling point, the greater the explosive
charge required effectively to disperse the substance, and the less chemieal
will be contained in the shell,

_:\rtutl:pr factor of great importance in connection with the boiling
point 15 the difficulty of filling the shell. A’ chemieal whose boiling point
i below ordinary summer temperaturcs, e.g., phosgene (b.p. 47°F.),
must be artificially cooled and held below its boiling point during the
filling operation. This requires refrigeration facilities for precooling the

II:IIII‘NF shell and bulk phosgene and greatly complicates the process of
Ing.
40

Melting Point.—While not so important as boiling point, the melting
point of a chemieal agent is often of considerable importanee if this point
oreurs within the range of ordinary atmospheric temperatures. Thus,
the melting point of pure mustard gas is about 57°F., so that mustard ix
a liguid in summer when the temperatures are above 57° and a solid in
winter when the temperatures are below that point. In order to secure
uniformity in ballistic effects and dispersion, it is necessary to keep the
chemical filler in one physical state and, sinee it is imprarcticable to keep
it as a solid above itx melting point, it i« necessary to keep it as a liquid
ut ordinary temperatures below its boiling point by the use of solvents.
Coneerning this use of solvents, Fries, gives the following interesting
data from the World War:

In order that the product (mustard gas) in the shell might be liquid at all tem-
peratures, winter as well as summer, the Germans added from 10 to 30 per cent of
chlorbenzene, later using a mixture of chlorbenzene and nitrobenzene and siill
luter pure nitrobenzene. Carbon tetrachloride has also been used as & means of
lowering the melting pomnt.  Many other mixtures, such as chlorpierin, hyvdroeyanic

acid, bromacetone, vie,, were tested, but were not used. The effect on the melting
point of mustand pus is shown in the following table:

MeiTineg Poivt of Mostarp-gas Mrvres

Per co - ' :
r‘:':::;l | Chlorpicrin Chlorbenzene Curbon tetrachloride
il s

I
. i | —
*C. | °F. I °F. “C. °F.
U 13.9 a7 13.9 57 3.9 57
w | wo | 50 8.3 4§ 100 | 50
20 ' 6.1 | 43 6.1 43 6.7 | 44
30 : 2.8 37 , =—1.1 30 3.3 3%
i [

While the diffienlties of melting point= i the range of ordinary tem-
peratures ean e solved by the wse of olvents, all these additional step=
greatly complicate production and reduce the efficiency of chemical agents.

Specific Gravity.—8ub=tance= u=ed as chemical agents during the
war varied grestly in =peeific gravity.,  Some were lighter than water
while others were nearly twice as heavy as water.  This large variation
in weight ereates filling difficulties. On the other hand, all the high
explosives ordinarly used as ghell fillers closcly approximate a speeific
gravity of L.5 =o that different kindz of explosive charges introduee little
variation in the weight of loaded H.E. shell.  As 1t is desirable that all
<hell be hrought to the standard weights, for which range tables are cal-
ewlated, the nearer a chemiceal filler appreaches the mean H.E., specific
gruvity 1.5, the less variation there is between the chemical and H.E.
=hell: nlso the difficulties of filling chemical shell are fewer,
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Vapor Density.—Regardless of whﬁher the chemical agent is a gas or
a smoke, it must have a vapor density greater than that of air for other-
wise, a5 8000 A8 the agent is released from its container, it will immedintely
nse from the surface of the ground and thus lose its physiological or
nbscuring effect.

All the principal chemical agents used in the war met this require-
ment except hydrocyanic acid, the vapor of which was only 0.93 tiniex as
heavy as air. In consequence of its light vapor, this substance proved
very disappointing in battle, although it is physiologically one of the most
dradly gases known to chemists. Carbon monoxide is another very
toxic gas which cannot be used in battle chiefly because its vapor density
i less than air,  Although the various substanees used as chemicsal agents
in the war varied only about twofold in specific gravity in their solid or
liquid forms, they varied nearly tenfold in vapor density. Thus, the
lightest gas used was HCN with a vapor density of 0.93, while one of the
heaviest guses used, DA, has a vapor density of 9.0. The HVETEZ
vapor density of the more important agents was about 5.0,

In general, the heavier the vapor, the better it will eling o the ground
and roll into depressions, dugouts, and trenches thus exerting a more
intensive and lasting effect upon men taking shelter in such places,

As regards vapor density of a substance, we may say that it must at
least be heavier than air and the heavier it is, the better its substance is
suited for use as a chemical agent.

TACTICAL REQUIREMENTS

Under the heading of Technical Requirements, we have reviewed the
ensential qualities which chemical agents must possess in order that they
may be manufactured and loaded into projectiles in sufficient guantities
to meet the vast requirements of modern war. We now come to u
ronsideration of those properties which ¢hemical agents must POsEeES I
wrder to exert the effects required in battle.  These we call factical require-
medls,  As the tactical effects of guses are markedly different frow =imokes
and Ineendiaries, it will be more convenient to consider the tacticul
requirements of each of these three classes of agents separutely.

o Gases ‘
We shall begin with the gases and note first those requirements which

apply particularly to the gases used on the tactical offensive, as these are
the most exacting requirements,

Toxicity.—In general, it may be said that, for the lethal and casualty-
Producing gases, toxicity is probably the most important requisite.
Since the casualty effects of. most gases are in direct propertion to their
toxicities, it follows that the more toxic the gas, the more effective and

efficient it is as a chemical agﬂnt.“Ur, stated in another way, the same
casurlty results can be produced with decreasing quantities of the agent
and with shorter periods of exposure, in proportion as its toxicity
increases. This follows from Haber's generalization that toxic effect is
proportional to toxicity times exposure time (see page 12). Perhaps the
only exception to this toxicity requirement is in the case of the lacri-
mators, where toxic effects are not desired but where temporary inca-
pacitation over the widest area with the minimum expenditure of
chemicals is the prime consideration. Such a result, however, is hardly
8 war requirement but belongs more properly to the class of agents
suttable for quelling domestic disturbances. Indeed, with far more
efiective agents available for general harassment of troops in war, it is
difficult to foresee the future use of lacrimators in hattle, although they
undoubtedly will continue to be widely used in war for the training of
troops behind the lines.

With the exception of lacrimators, we may say that toxicity is a funda-
mental requirement of all battle gases. High toxicity alone, however,
does not necessarily make an effective casualty agent on the ficld of
buttle, as many other factors enter into the final effect. This fact was
not sufficiently appreciable in the early years of the war and many very
costly mistakes were made. Thus, the French were deceived into
adopting HCN as a toxic shell filler by the extremely high toxicity of
this gas in laboratory tests, However, owing to the fact that it is
extremely volatile in the open air and that its vapor is lighter than air,
it proved to be almost impossible to set up efiective coneentrations in
,artillery shoots with these shell. Another peculiarity of HCN is that,
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unless its concentration exceeds a certain ecritical figure, it is almost
harmless. These two peculiarities made the French Vincennite (HCN)
shells one of the most outstanding failures in chemical warfare during
the war.

Multiple Effects.—Next to toxicity, the manner in which a gas exerts
its action upon the body is the most iniportant tactical consideration.
Many gases have more than one mode of action. Thus, chlorpicrin is
hoth a lacrimator and a lung-injurant gas =o that both the eyes and
lungs must be protected from this agent. Dimethyl sulfate {Germun
D-Stoff) is both a lacrimator and a vesicant, and the eyes as well as the
rody must be protected; mustard gas has a triple effect, being a vesteant,
lung injurant, and lacrimator combined. Henee mustard 1= the most
difficult gas to protect agninst and for this resson it i one of the most
valuable tactical agents.

In genersl, the more extensive the mode of action of a gas, t.e., the
greater the number of physiological effects it produees, the more valuable
it i# from a tactical viewpoint,

Persistency.—Since the toxic effect of a gax ix a product of its toxicity
and time of exposure, the next most important requirement for a easualty-
producing gas is its persistency. By persistency is meant the duration
of time an agent will remain around its point of release in an effertive
concentration. It is obvious that, no matter how toxic a gas may be, if
it ix 80 volatile that it lasts only a few seconds after being released, it
cannot produce worth while casualty effects. Persistency is a function
of the hoiling point of a substance. That is, the higher the hoiling
point, the slower the liquid will evaporate and the longer it will persist
in the field.  Also, since volatility 1s 8 measure of the rate at which a
liguid evaporates, persistency is an inverse funetion of volatility, and the
more volatile a liquid is, the less persistent it will be,

Duration of Effects.—Assuming that the primary object of battle is to
defeat the enemy by inflicting upon him, not fatalities, but rather non-
fatal casualties of as long duration ax possible, those chemical agents
which produce the most lasting casualty effects are the most efficient.
In this requirement, musiard is the most efficient chemieal agent that
was used in the war, as it produced slow-healing wounds but was fatal in
only a small percentage of casualties.

Speed of Action.—The next most important tactical requirement is
rapidity of action. Some substances aet with remarkable speed in
producing effects upon the body while others aet very slowly, and their
effects are not noticeable until many hours after exposure. Thus, HCN
acts with almost lightning rapidity when present in lethal concentrations.
One or two full breaths of fhis gas are sufficient to cause instant collapse
and death within a few minutes. On the other hand, mustard gas 18 very
slow aeting and, in usual field coneentrations, does not produce noticeable
s¥iptoms until several hours after exposure.

Regardloss of the type of gas, it ix ohvious that the quicker it produces
s effects, the sooner it secures the desired tactical resalts, Gases that
are mtended for easualty effects on the offensive must obviously be quick-
#eling and bring about incupacitation during the attack which may last
f!ll]}' 4 few minutes. TFor this reason, mustard gas, which does not
Incapucitate for several hours after exposure, is unsuitable as an offensive
s and would be of more general value as a war gas if its speed of effect.
wWrere Eroater.

_Inﬂidiuusneas.-—-]f a gax produces uncomfortable or painful physio-
logieal effects upon first exposure to it, men will at onece Le aware of its
Presence and take measures to protect themselves and thus render ineffec-
m‘fl' the power of the gas. On the other hand, if a gas i= insidious in
:Ft:m :!.ncl ]'}I.'Ddu.f,'{‘ﬁ no ‘E‘i'.ﬂmihg discomfort during the necessary period
- :‘ﬂﬁnanr_t", it will e_'-:l-:s-rt- itz full casnalty vﬁ'ert-_ he:fu:rp countermeasures

# taken. Obviously, therefore, the more insidious the action of a
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gas, the greater its surprise effect and tactical value. Moreover, the
slower the action of a gas in producing its physiological effects, the
greater the need for insidiousness in action. Thus, mustard-gas vapor
is effective in low concentrations only after several hours’ exposure, so
that, if it were not insidious in its action and difficult to detect in low
concentrations, troops would not remain exposed to it for a sufficient
time to become easualties, But because mustard-gas vapor is hoth
insidious in action and almost impossible to deteet in low roncentrations,
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it has a high casualty power, although it is =low in action and although
its effects do not manifest themselves for several hours after exposure.

VYolatility is alsn an important property of a casualty gas eince it
determines the maximum concentration which van exist in the open air
at any given temperature, In general, lignids of low boiling points and
high vapor pressures build up much heavier concentrations in a given
volume of air than liquids with high boiling points and low vapor pres-
sures. In fact the maximum concentration that ecan be held in the air
(saturation point) is a direet function of the volatility of a substance (see
definition nn page 8). The mathematical relations between persistency,
volatility, and vapor pressure are shown by the formulas in Appendix A.

The furegoing remarks concerning volatility apply particularly to the
lethal or casualty-producing gases, With the neutralizing gases, such ax
mustard, and the harassing gases, such as DA, where immediate casualty
cffects are not primarily sought, the best tactical results are secured by
maintaining a low coneentration on the target area for a maximum period
of time, and persistency then becomes of paramount importance. The
principal requirements for the neutralizing and harassing gases are, first,
great persisteney and, second, effectiveness in low concentrations over
long periods of time, 1

Penetrability ——Othar things being equnl, the greater the power of o
gas 1o penetrate the enemy's masks, proteetive rlothing, and other
means of chiemiecal defense, the greater will be the offensive power and
tactical value of the gas. It has been estimated that the mere wearing
of a mask (even of the latest improved type) reduces the physical vigor
of troops about one-fourth, The addition of protective clothing still
further reduees the physical activity and stamina of troops and thus
greatly impairs their fighting ability.  The greater the penetrating power
of 0 gas, the more elahorate must be the protective equipment of the
enemy with & corresponding reduction in this rombat power. Hence,
the penetrability of a gas is an important factor in its tactical value,

Invisibility.—Regardless of the type or kind of gas, it is generally
agreed that it is most effective in the ficld when used as a surprize. The
more difficult a gas is to deteet by the senses, the more readily men are
tiken unawares—henre the importance of juvisibility, which prevents
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troops from seeing the approach of a gas cloud and perceiving the extent
and limits of its concentration.

Odorlessness.—Next to visibility, gas conecentrations are most
usually detected in the field, especially at night, by the characteristic
odor of the agent. The more nearly odorless the substance is, the more
deadly is its surprise effect.

SMOKES*

" The smiokes hiere considered mre the nontoxic screening smokes.  Toxie smokes are

rcticully the snme s casualty gases except with regurd to visibility.

Total Obscuring Power.—Passing now to & consideration of the
serond cluss of chemical agents—the smokes—we fnd quite differont
tactical requirements.  Since the purpose of a smoke is to obs=eure vision,
roneeul terrain, and not to cause casualties, there is no neeessity for a
-moke to be odorless, while visibility or rather obscuring power is a
fundamental requirement., Smokes are generally rated on the basis of
their total obseuring power (T.O.P.}. Total ohscuring power is a funetion
of the opacity of the smoke particle and its density per eubie foot of air,
More specifically, the total obseuring power of o smoke is the product
of the volume of smoke produerd per unit weight of material and the
dewsity of the smoke. Chemical agentx vary greatly in obscuring
power gnd ouly those with high total ob=curing powers are suituble as
~creeuing smokes,

Persistency.—Next to total obseuring power, persisteney is the most
important requirement for & smoke agent.  The nove persistent a smoke
i¥, the less material ix required to maintain a =crecn for a given time, and
henee the more effective and economiral the agent is.

Capacity.—The third requirement for a smoke agent is its smoke-
producing capacity per pound of agent. Smoke-producing chemieal
compounds vary greatly in their output per unit of material and the
comipound which produces the greatest quantity of smoke per pound of
material is the most efficient. ’

Density.

The next most desirable property for a smoke is density,
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ur=peeifie weiglit relative to air. It 1= obvious that the heavier the smoke
=, the less jo will rise from the ground and the better it will eling to and
tover the areas to be sereened, so that density or heaviness is an jmpor-
tatit requiremient.

Harmlessness.—Another important requiremeut for a  sereening
swoke is that it should exert no deleterious effect upon personnel, sinee
smoke is frequently used to envelop friendly troups fur their protection,
!f 8 smoke is irritnting, the time during which troops can be blanketed
18 reduced and the effect upon the morale of the troops i« adverse, even if
RO undesirable physiclogical effects are produced.
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Temperature.—Other things being equal, a cold smoke is preferable
lo & hot.one, for the hotter a smoke is, the more it will tend to aseend in
the air, and the less its screening value will be. For this reason, smokes
which are the products of chemical action, such as hydroelysis (e.g., FM)
possess certain advantages over smokes which are the result of combus-
tion, a8 burning-oil smoke.

Color.—White smoke in most terrainz blends better with the horizon
line and is preferred to black or colored smokes for general concealment.

INCEXDIARIES

The purpose of incendiary agents ix to destroy enemy materinl by
conflagration. Accordingly, the fundamental requirement of an incen-
diary agent is that it have the capacity to =et fire, under the most adverse
conditions encountered in the field, to whatever targets it is employed
against.

Temperature.—The first tactical requirement of an incendiary agent
is that it generate within its own substance an extremely hot fire, prefer-
ably one emitting flames, The higher the temperature generated by the
incendiary substance, the greater its caparity to set fire to target material
of low inflammability,

Time of Burning.—The next requirement is one of time of burning.
Tbe longer an incendiary agent burns, per pound of material, the longer
it will sustain’ initinting fires and the greater will be the chances of
gniting the material against which it is employed.

Unquenchability.—A military incendiary agent should also preferably
he unquenchable by water, as water 1= generally the only means avail-
able in the field for putting out fires.

Spontaneous Combustion.—From a tactical viewpoint, spontaneous
combustion is a distinet advantage in an incendiary material, since all
that is necessary to use this material for initiating fires 1= to spread it
over the target area and spontaneous combustion will e¢reate the desired
results. From a technical viewpoint, spontancous combustion is advan-
tageous in that such a material does not require a fuse and special
igniting charge with the resulting complications that these elements
involve. On the other hand, technical difficulties in storage, handling,
and filling into projectiles are created when an incendiary agent is
spontaneously combustible, and these must be carefully weighed against
the above advantages,

Extinguishment in Flight.—If an iucendiary ugent is to be used in a
scatter-type projectile, i.c., where the incendiary charge is to be scattered
over a large target area, an additional requirement is demanded of the
ineendiary material, iz, the burning particles must not be extinguished
in flight after burst of the prﬂjectileé This is a very difficult requirement

4

to meet unless the incendiary material is spontaneously combustible for
the reason that there is always a eritical velocity above which a burning
particle cannot be projected through the air without extinguishing its
flames. This was the principal reason for the failure of the early types
of incendiary bombs which were dropped from the German Zeppelins on
London und Paris. These bombs were made of nonspontaneously com-
bustible materials and were ignited, either on release from the bomb
ruck or by a time fuse after a short period of flight. The bombs would
then burst into flames while high in the air. The increasing velocity
acguired during the remainder of their fall would exeeed the eritical Bame
veloeity and extinguish the flames from the bombs before they reached
rhe ground.

The same difficulty oceurred with the early types of incendiary artil-
lery shell which were constructed on the shrapnel principle. It was
found that when these shell burst they expelled their contents (as lumps
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of burning incendiary materials) at such high velocities as to extinguish
the flumes from the lumps. Consequently, if an incendiary material i=
nol =pontaneocusly combustible, it must be able to maintain its fire when
expelled from the projectile by the bursting charge so that the incendiary
particles will be brought in rontact with the target matenal in a8 burning

vondition,

REQUIREMENTS FOR IDEAL AGENTS

Since we have now reviewed the requirements for chemical agents
sl some length, we may summarize this subject by stating the qualities
und characteriztics of an ideal chemical agent of each type.

Offensive Gas.—The ideal combat gas for use on the tactical offensive
shiould meet the following requirements:

Tactieal Technicul
1. High toxieity. 1. Availability of ronw maturials,
< Mubtiple effeetiveness, 2. Ease of manufueture,
4 Nunpersisteney. 3. Chemieal stability.
4 Efiects of maximum duration. 4 Nonhydrolvzable.
3. liwnwdiate effectiveness. 5. Withstands explosion without decom-
b, Insichousness in action. position.

7. Volatility (maximum field coneontra- 6. A solid at ordinary temperature,
tion i, 7. Melting point above  maxinun

k. Peactrability. atmospheric temperature.

V. Invisibility. B. Boiling point as low as possible,

W, Oilorlessness, 9. High vapor pressure.
10. Specific gravity approximately 1.5
11. Vapor density greater than air {the

heavier the better).

Phosgene, which is deseribed in detail in Chap. VII, came closer to

meeting the above requirements than any other substance. It fell short
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of the ideal requirements chiefly in respect to the following: it lacked

mnltiple efiectiveness, being a lung injurant only; except in high con-
rentrations, it was not immediately effective; it was not odorless and, in
contact with water vapor in the air, it formed s white steamlike cloud and
was thus not invisible; it hydrolyzed slowly with water and henee was not
¢ffective on very wet days; being a gas at ordinary temperatures, it had
te be wrtificially cooled to be filled into projeetiles.  But even with these
lunitations, phosgene was the best all-round offensive gas used in the war,

Defensive Gas.—The ideal combat gus for use on the tactical defensive
should slso meet the ahove requirements cxeept that it should be per-
sistent rather than nonpersistent and it should be effective in low
concentrations,

Mustard gas came close to the ideal defensive gas, being deficient
only in the following particulars: it was not ilmmediately effeetive; it had
a faint odor; it was not easy to manufacture; it slowly hydrolyzed in
contact with water vapor in the air and with water on the ground; it was
u ligquid at summer temperatures and o =olid at winter temperatures; it
had a rather low vapor pressure. But, even with these lhmitations,
mustard gas proved to be not only the bext defensive gasx but the best
sll-round essualty agent used in the war,

Harassing Gas.—The ideal haras=ing gas should have the =ame
requirements as defensive gas but should also be effective in very much
lower concentrations in order that it may cover a large area with minimum
expenditure of ammunition, and thus justify its use despite low toxicity.

DA was the most effective harassing gas used in the war and fell
short of ideal requirements only as to the following: it had only one
physiological effeet—sternutatory; it was not very persistent; its offects
were of short duration, generally a few hours; it was ngt volatile; it had a
detectable odor; it was extremely difficult to make; it had high melting
and hoiling points and low vapor pressure; it was difficult to disperse in
nn effective form.  Notwithstanding these deficieneies, however, this
compound 18 a very effective harnssing agent when used under proper
conditions.

The ideal smoke agent should meet the following reguirements:

Tochnieal
Bame as for gases,

Tactical
High total chscuring power.
High persistency.
Large smoke-producing eapacity.
High speeific weight relative to air.
Low temporature of generation.
6. No harmiul physiologieal effect.

A da QA e
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White phosphorus was the most sucecessful smoke agent used during
the war, although it failed to meet the ideal requirements in the following
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particulars: unless used on the progressive burning principle, it was low
in persistency; the smoke generated, being lighter than air, tended to
rise rapidly from the ground and, also being a product of eombustion,
the smoke was hotter than the surrounding air, which still further
aceclerated its upward movement.  While the smoke itsell was relatively
harmless, the vapors generated by the burning particles of phosphorus
were very poisonous, although the effects were not manifest until long
after exposure.  Also the burning particles of phosphorus eaused painful
wonnds when brought in contact with the body =o that phosphorus had
u very decided easualty power in addition to it= obscuring power,

A= to techmical requirements for smoke shell, phosphorus was very
sati=factory, the only difficulties involved with its use in projectiles heing
those encountered in any spontancously combustible material. It had
to be stored and loaded under water so as to exclude all contact with
nir, and any leakage in storage and handling immediately caused fires.

However, notwithstanding its limmitations, phosphoras was the best
World War smoke agent and in many respects remaing among the best
stnoke producers today although many new cold smokes, generated hy
noncombustible chemieal reaction, have been developed sinee the war to
eompete with phosphorus as a smoke agent and are better adapted for
ereeling smoke sereens from airplanes,

The ideal incendiary ageni should meet the following requirements:

Technical
Same as for gases.

Tactical
High combustibility.
High tempernture of combusation.
Fire unquenchable with water.
Fire: not extinguishable in flight.
Spontancously eombustible,
Sustnimed fire generation.
7. Comlintion with flames,

Ev bl o o =

The ineendiaries used during the war were chiefly of two kinds:
Ih. tie sratter type consisting mainly of mixtures of inflammable oils,
Tesins, tar, ete., primed with phosphorus, sodium, and the like; and (2)
the fniensive type, vonsisting chiefly of thermite and similar metallie
chemically resetive mixtures producing intense though highly concen-
trated] fires,

None of the World War incendiaries proved to be outstandingly sue-
eexsful, and ueh room for improvement remained in this field at the
close of the war.

-""'f_hmll:h primarily a smoke producer, white phosphorus was sbout
M satisfactory an incendiary agent as any material used in the war,
althougl: it lucked many desirable qualities,
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In the light of what hns been said above as to the many exacting

requirements which chemical compounds must meet in order to qualify
ux chemical agents, it is not difficult to understand why, with many
thousands of compounds from which to choose, so few met with success in
the World War and why so many of the early chemical agents were failures.

Thiz does not mean, however, that there will not be greatly superior
chemical agents in the future. On the contrary, the progress that has
been made in chemical-warfare research and development during the
few years since the war completely negatives such an idea. Futur
developments will undoubtedly be along two general lines of effort (1)
to find more effective ways and means of using known chemieal agents
and (2) to find more powerful compounds.

The progress since the war has been mainly in the first field, L.E.,
improving the ways and means of using known chemical agents. The
reason for thix is that the full power of successful World War chemical
agents wa= by no means developed by the military technique under
which they were employed. There is consequently little advantage m
finding more powerful agents while the full possibilities of those already
known remain unexploited. For example, it has been determined that
20 mg. (about two-thirds of a teaspoonful) of mustard vapor quickly
absorbed into the lungs of & man will cause his death. At this rate,
there is enough potential poison in 1 ton of mustard gas to kill 45,000,000
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men. Yet, during the last war 12,000 tons of mustard caused only
400,000 casualties, or un average of 30 casualties to every ton of mustard
used in hattle. With this great discrepancy between the potential and
actual casualty-preducing power of mustard gas, there is little reason to
look for still more powerful compounds. On the contrary, if sufficient
#fort ia expended in finding more efficient ways of using it, mustard will
undoubtedly yield far greater results. Already two means of using
mustard gas have been developed which greatly increase its effectiveness
in the ficld, iz, sprinkling from ground vehicles and spraying from
atrplanes, of which more will be said in a later chupter.

However, while military effort is being principally devoted to improv-
ing field technique in the use of chemical agents, industrial research i~
constantly discovering and studying new compounds, some of which will
undoubtedly prove more powerful than any chemical agents heretofore
employed. In fact, so vast is the field of chemistry and so far-reaching
are its potential powers that no man will presume to predict its ultimate
possibilities in either peace or war. The only certainty in the future is
that of progrese; no government worthy of the name will risk the security
of its people by failure to take military advantage of the unremitting
progress that has been and will continue to be made in the ever-widening

fields of science, 5

CHAPTER 111
DISSEMINATION OF CHEMICAL AGENTS

To he effective in battle, chemical agents must be properly dissemi-
nated over a suitable target area. Dissemination comprises two proc-
pxsts—the delivering of the chemicals to the target {accomplished by
projection), and the spreading of the chemicals over the target in an effec-
tive state (accomplished by dispersion). Dissemination of chemieals,
therefore, consista broadly of their projection and dispersion.

The various methods and processes of dissemination are considered in
this chapter, while the weapons and material utilized for this purpose are
treated in Chaps. XIV to XVIII, in connection with the arms to which
they pertain.

MEANS OF PROJECTION

During the World War, chemicals were disseminated by every mili-
tury arm, although the air corps did not use toxic gases. When chemical
warfare made its appearance In 1915, there was already a large variety of
high-explosive weapons in use, As chemical warfare was born during
the war and there was no prewar development of its matériel, the first
chemical munitions were hasty adaptations of high-explosive weapons,
slthough subsequent experience showed that gome of these weapons were
not suitable for chemical dissemination and were every ineficient for thiy
PUrose.

The first use of gas in the World War was from hand grenades, whiel
venildd be thrown about 26 or 30 yd. Owing to their limited range, they
vetihl b tsed only in hand-to-hand combat and frequently exposed the
HEing troops to the chemicals employed almost to the same extent as the
#wmy. They were, therefore, of advantage only when emploved by
masked troops against an‘unmasked enemy. When masks were available
to hoth sides, their general combat effectiveness largely disappeared.

The next step was to put chemicals into rifle grenades which could be
projected from 200 to 250 yd. This was still too close to permit the
troops using them to employ them without masks and, as masks fur-
nished complete protection against the gases in these grenades, they
were not much more effective than the hand grenades. However, when
used with smoke fillings, especially white phosphorus, they did afierd
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considerable protection to small bodies of infz: '3 in the attack and

continued to be used for this purpose throughout the war.

Although chronologically the next mse of gas was in artillery shell
(in January, 1915, by the Germans on the Russian Front), these shell were
a failure and the successful use of gas in artillery shell was not accom-
plished until the summer of 1915 after the great cloud-ga= attacks from
eylinders in the spring of 1915. We may, therefore, nay that the next
development in chemical warfare was the cylinder method of dispersion.
The effective range of gas released from eylinders varicd greatly with the
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weather and other local eonditions and the numbers of eylinders eniployed.
As & general rule, it may be said that gas clouds were effective to a depth
approximately equal to the front from which they were projected,
although in several notable instances the effective depth was much
greater. As the diffusion and dilution of the gas released from cylinders
increase roughly ss the cube of the distance dvwnwind from the point of
release, very large quantities of gas are required to project effective con-
centrations for distances greater than 2,800 yd., and we may, therefore,
delimit the effective zone of cylinder attacks by this range, except for
unusually large operations.

Beginning in the summer of 1915, chemicals were loaded into artillery
chell, first of the light calibers, and then of heavier calibers, as the war
progressed. By 1917, artillery of all calibers were firing chemical shell
although many of the heavier shell were unsuitable for chemical
disseminsation.

Following the artillery shell, the use of chemicals next extended to
the trench mortars, though here again the slow rate of fire and-immobility
of heavier calibers were altogether unsmitable for chemicals; the lighter
ralibers did not have shells of sufficient capacity for this purpose,

It was soon found that artillery was not adapted to disseminate
chemieals within the zone of infantry combat beeause of the flat trajectory
of the guns, the low chemical capacity of the shell, and the difficulty
of placing effective concentrations relatively close to our own front
lines, without danger to friendly infantry. Since existing types of
trench mortars which normally covered this zone with high-exploxive
fires were unsuitable for establishing and muintaining ga=s and smoke
concentrations, and since cylinder operations were too limited by adverse
winds and weather conditions, the problem of how to cover the infantry
combat zone with effective chemical concentrations at all times became
very acute.

This problem was finally solved by the British, who first devised
special (Livens) projectors which were adapted to fire in one salvo a large
number of high-capacity bombs for a maximum distance of 1,800 yd.,
and thus create extremely heavy gas concentrations within the enemy’s

a3
defensive positions. The chemiecals released from Livens bombs were

already on the target area and hence did not have to travel across
unoccupied terrain with resulting loss of strength, as in the case of gasx
released from cylinders. The Livens projector wag a very effective
means of chemiecal projection and was extensively employed on both
mdes during the remainder of the war. However, it required much
labor and time to install and was adapted for use only in very stabilized
gsituations.

To =upplement the Livens projector and to provide a more mobile
deviee which eould be used in open warfare, the British also developed a
special chemical (4-in. Stokes) mortar, which was a compromise in
mobility and espacity between the 3-in. and the 6-in. H.E. mortars,
The 4-in. chemiecal mortar had the same range and rate of fire (20 rounds
per minute) and almaost the same mobility as the 3-in, mortar and, at
the same time, a shell holding nearly three times the amount of chemical.
The 4-in. chemical mortar thus had a gas-projecting capacity nearly
three times that of the 3-in. mortar and proved to be one of the most
valuable means of projecting chemicals devised in the war. Because of
it mohility and the fact that it could be used in small and large groups
equally well, it was a very flexible weapon well adapted for a wide
vuriety of taetical situations.

The exlinder, projector, and chemical mortar were all used to lay
down chemical coneentrations in the infantry combat zone. Iach was
necessary to supplement the other in order to fully cover this important
Geld with chemicals in all tactieal situations, and these devices were,
therefore, grouped together as special chiemieal weapons, Because of
the skill and special training required to place effective coneentrations
of gas and smoke in the infantry combat zone, ¢lose to friendly troops,
it was carly found necessary to organize special troops to man these
speeial chemieal weapons,  These troops were particularly trained in the
wse of these sperial weapons and thoroughly understood the eapabilities
and limitations of each. They were known in the war as special gax
troops and, while originally orgamzed as engineer units, they devoted
their full time to chemieal operations and were in fact chemiral troops.
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Although gas was not disseminated from airplanes during the late
war, incendiary and smoke agents were employed in drop bombs early
m the war. Since the war, many nations have developed means for
employing chemicals from airplanes.

Numerous special chemical devices such as land mines, toxic smoke
candles, emoke generators on tanks, ete., have also been developed during
the postwar period by many of the principal world powers,

We may summarize the possible means for prejecting chemiecal agents
by operating arms as follows:
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Munition

¥moke generators on tanks
Hand and rifte grenndes
Hmoke candlea
Smoke generators, porrable E
Accompanying mortar (8l-mm,) smoke
Toxic gos evlinders \
Livens projectors
Chemienl mortars :
Chemical spricklers (mevhanized)
Toxic smoke candles
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With the addition of the postwar chemical armament, there now exiats
means for disseminating chemieals, not only to all parts of the battlefield,
but even to the areas behind the front and as far into the interior of -the
enemy’s country as the cruising radius of bombardment planes will
permit.

In order to coordinate all the various means for disseminating chemi-
eals and to insure that each is used to supplement the others in the
most efficient manner, the Theater of Operations is divided into zones
progressively increasing in depth from the battle front. Diagram
I (page 53) shows in schematic form such a zoning of the Theater of
Operations,

METHODS OF PROJECTION

Regardless of the technical means employed, there are but three
haxic methods of placing chemienls on a target area. First, by releasing
the chemical from containers installed in one’s own front lines, and
depending upon the wind to carry it to and over the target area. This
may be called the method of release at origin. Second, by releasing from
containers projected on the target area by some physical means, such as
firing from & gun (chemieal shell), dropping from an airplane (chemieal
bomb), or plaring in position by retreating troops (chemieal mines).
This iz the method of release on targel. Third, by releasing the chemical
from contginers carried by airplanes over the target area and depending
upon gravity to carry it down to the target area. This is the method of
release over target.

From what ha= been zaid above, we may now summarize the possible
methods of projecting chemicals as shown on page 56.

G5
A discussion of the technical means and matériel used for projecting

chemicals will be found in subsequent chapters pertaining to the several
arms which employ chemicals.
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Drsoram 1.—Zoning of the Theater of Operations,

METHODS OF DISPERSION

Iﬂ_ previous chapters we have seen that chemicals to be tactically

eflective must be brought into contact with the body or the body must

surrounded by a toxic atmosphere in which the concentration of the
36
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chemical is at least equal to the minimum effective strength for a given
time of exposure. Since troops in battle normally take advantage of all
available sheltering cover, it is not urdinarly possible to bring a combat
chemical (in its original physical state) directly in contact with the body.
This being the case, it is necessary to distribute the chemical as uniformly
as possible, in a finely divided form, throughout the atmosphere covering
the target area, so as to create a toxie concentration which envelops the
unproteeted body and penetrates it through the lungs or skin. This is
the problem of dispersion,

Physical States.—Under ordinary field conditions, combat chemieals
may originally be either solids, liquids, or gases; only a very few (Cl and
CQG) are true gases; a few (DA, DM, and CN) are solids; the majority
are liquids.

Dispersion as a Gas,—If the chemical is a gas at ordinary tempera-
tures [say +20°C. (68°F.)] and atmospheric pressure, its dispersion is
easily accomplished. It has only to be released from its container, when
it will escape into the air and rapidly permeate it by expansion and dif-
fusion, until a fairly homogeneous mixture is obtained. The problem of
dispersion of a gaseous chemical is, therefore, very simple; it being
necessary only to release a sufficient amount of the chemical to insure
an effective concentration by the time the toxic eloud covers the target
ATes.
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Dispersion as an Aerosol.—The dispersion of liquid and solid ehemi-
cals i much more difficult, All liquids and many solids give off some
vapor at ordinary temperatures even though their boiling points are far
above maximum atmospheric temperatures. These vapom act like true
gases and, from a chemiecal-warfare viewpoint, may be regarded as
=uch.* But the percentage of vapors given off by most liquid and solid
comhat chemicals under ordinary field conditions is so small as to be
practically negligible unless the substance is heated, in which case the
larger part, if not all, of the substance may be vaporized and pass off into
the air in vapor form. Excepting the few chemicals that are true gases
in the field and those that can be readily vaporized at ordinary field
temperaiures, chemical agents are usually dispersed in the form of
exeeedingly small solid or liquid particles.

* In physies, 4 vapor is o gas at o temperature below the boiling point of the
sorreponding liguid.

As each molecule in & vapor is free to move according to the gas laws,
vapors, in general, obey the laws of gases and yield with air homogeneous
mixtures. In smokes, however, the molecules are not free to move
individually, but are clustered together in bunches, so that smokes do not
rAgidly obey the laws of gases, but yield with the air heferogeneous mix-
tures. Such mixtures are dispersed systems, comprising a gaseous phase
—the sir—and a solid or liquid phase—the toxic substance—in very
finely divided particles. The most common forms of dispersed systems
are: those in which a =olid or a liquid i= dispersed in a liquid. These are
mallact calloddal colutione, or sole. If the dispersing medinm is water, the
system is a hydrosol and, if the dispersing medium is air, the system 1s an
aerosal. A= a colloidal solution is intermediate between a true solution
and a suspension of large particles in a liquid, an aerosol is intermediate
between n true gaseous mixture and a suspension of large particles in the
air. Acrordingly, aerosals, although elastic fluids, do not rigidly obey
the laws of gases, but closely approximate the properties of colloidal
malution~.  Ax chemiral smokes are aerosols, they also in general follow
the liws governing colloidal solutions.

Hiwardless of whether the aerosol is a toxic or simple obscuring smoke,
the mcthwl of dispersion is the same and consists basically of the con-
densation in the air, by a physical or chemical process, of a substance
emitted in the state of molecular dispersion.  The structure and stahility
of the werosuls thus obtained are subsequently modified by secondary
phenomena, such as: condensation of water on the surface of the
minute =olid particles or drops, oxydation on contact with the air, or
hydration,

Processes of Dispersion.—The primary dispersion of the substance
may he eficeted hy either a physical or a chemical process.

Physical Means of ﬂispersfﬂn,—a?n the physical process, three general
means are employed: (1) mechanieal foree, as when s very fine dust is
spraved from an airplane; (2) heat, as when a substance is distilled in the
air (from smoke candles); and (3) a comhnation of foree and heat, a~
when the contents of a ehemiral shell are seattered by the explosion of
A bursting charge.

When mechanical force alone is employed for primary dispersion, the
substance must be fir<t reduced to an impalpable powder and must also
have, when thu= finely divided a sufficient vapor pressure to he vnporized
vn contaet with the air.

When heat i= the means employed for primary dispersion, the solid or
liquid chemical i= heated and distills into the atmosphere mn a gaseous
state and then condenses to a dispersed or nerosol state. Certuin smoke
praducers, such as phosphorus, oleum, and chlorsulfurie amd, for example,
are dizpersed in this minner. The vapors of these substances act a= fog
producers, for their anhydrides have a strong affinity for water and by
hydration form acids which are themselves very hygroscopie. Thus, the
sulfurie anhydride (80;) in oleum and chlorsulfurie acid reacts with water
to form sulfurie acid (H;30,), which in turn absorbs large quantities of
water. A smoke composed of liquid droplets, d.e., fog, is in reality a
dispersed solution of acid in water,

When mechunical force and heal are both employed for primary dis-
persion, the former scatters the substance in véry finely divided form,
while the latter volatilizes it and reduees it to the vapor phase.
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Chemical Means of Dispersion.—When the primary dispersion i=
pffected by a chemical process, two substances in a gaseous state are
simultaneously emitted and, by chemical reaction on each other, yield
a liquid or solid compound in the dispersed state. Thus, gaseous hydro-
chloric acid and ammonia yield ammonium chloride in the form of a
dense white fume. Similarly, sulfuric acid fumes formed by the hydra-
tion of sulfuric anhydride form, on contact with ammonia, ammonium
sulfate, another dense white smoke, thus:

H;80, + 2NH,; = (NH,}:S80,

If the products of decomposition are volatile, ps in these cases, the
reactions are reversible, and we have the general equation

Salt = Acid 4+ Base,

The direction and intensity of all reversible reactions |according to
Gibbs" Phase Rule (10)] depends upon the factors of temperature, pres-
sure, and concentration of reacting bodies. Thus the reaction

NH .l = HC! + NH,
oY
depends for its direction primarily on the amount of moisture present,

for gaseous hydrochloric acid and ammonia mixed together in the air
form amamonium chloride up to a certain point, when further formation
of the same is inhibited by the reverse reaction.

Of all the factors affecting the formation of foge and smoke, water
plays the most important role. It not only converts anhydndes (PO,
80),) to correspunding acids and precipitates them in the dispersed state,
but also assures the.dissociation of hydrolyzable salts and their repre-
vipitation in colloidal dimensions. The water vapor in the air can also
alhere to the surfaces of minute solid particles floating in the air, and
convert them to liguid droplets, as is the case when natural fogs form over
smuoky cities,

In the chemical process of dispersion, salts that are both volatile and
casily hydrolyzable produce the best smokes. Hence oxides with
feeble bases or feeble acids, because readily hydrolyzable, are most
generally employed.

Summary.—Chemicals then are dispersed in two forms, one, in which
a vapor (or gas) is mixed with air (gas elouds) and the other, a suspension
uf =olid or liquid particles in the air (smoke clouds). As the behavior
in the field of these two forms of chemical dispersion are somewhat dif-
ferent, the principal characteristics of each will be briefly summarized.

Gas CLovuDps

Density.—As & liquid changing into a gas absorbs heat from the air
during vaporization, the air in contaect with the vapor is cooled. The
magnitude of this cooling effect depends upon the material used and its
voncentration and, while usually amall, it is sufficient to cause an appre-
eiable inerease in the density of the air mixed with the vapor. Aleo,
war gas=es themselves are heavier than air, The result of these twao
phttianenn ix to cause gas clouds to hug the ground and flow mto all
teepres~iun= and low [Haces.

Lateral Spread.—When a gas is released in the open air, it immediately
expunds and diffuses into the atmosphere.  Thiy, causes the cloud to
spread laterally and vertieally. Shifting wind and air currents also
mnerease lteral spread as the cloud moves downwind. Under average
cunditions, the lateral spread is about 20 per eent of the distance traveled,
while for favorable conditions it iz about 15 per cent, and for unfavorable
conditions it will amount to as much ax 50 per cent.

_ Vertical Rise.—The expansion and diffusion of a gas upou its release
W the open air alko eause the cloud to rise as it travels with the wind, not-
withs«tunding that the gas itself may be heavier than the air and that it
couls the air whoen expanding. The vertical rize of a gaz clond depends

upon several factors, chief among which are convection currents. These
currents are strongest when the ground ia dry and warmer than the air
and when the sun is shining brightly. On the other hand, at mght and
in the early morning, the ground surface is usually cooler than the sur-
rounding air, and there are no convection currents, so that gas clouds
have much less vertical rise under such conditions. This rise will vary
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Height of Cloud (in Feet} 61
from about 10 per cent of the distance traveled under the most favorable
conditions to as much as 35 per cent under adverse conditions.

Drag Effect.—SBince the wind velocity along the ground is practically
210, but increases rapidly upward, gas clouds are carried over the ground
with a sort of rolling motion, which causes the cloud to incline forward
and stretch out in length more at the top than the bottom. This
Increase in the length of the cloud is called the drag effect and, for clouds
released on the ground, amounts to from 10 to 30 per cent of the distance
traveled, depending upon the nature of the terrain. For gas released
from awrplanes, up to 100 ft. above ground, the drag effect is equal to
100 per cent of the distance traveled, owing principally to the high
veloeity of the airplane.

Variation of Concentration.—The eoncentration of vapor in a gas
cloud varies inversely as the logarithm of the height above ground.
Thus, if C, is the concentration at a height H, and C, the concentration
at a higher point H,, then

- IDE H1
Ca=Cy X og I, (1)

This causes the lower layers of the gas cloud to be more dense and more
toxic than the upper layers, as is clearly shown in Chart III, in which
curve A shows the general relation between heights above ground
(ordinates) and the concentrations at these heights (abscissas) and indi-
cates the form of the relation between height and concentration.

Average Concentration.—In a gas cloud, the average concentration is
uot in the geometrical center of the cloud, but varies therefrom as the
height of the cloud increases. In Chart III, curve B shows the change
in the position of the average concentration, as the height varies,

If the concentration at any height in a toxic cloud is known, the
roncentration at any other height may be computed from Eq. (1). I
the concentration is not known for any given height, then the total
light and the average concentration of the toxic cloud may be com-
pnted from a given quantity of chemical as shown on pages 64—66. The
position of the average concentration is then located from curve B in
Chart ITI. With the average concentration and its position thus deter-
mined, the concentration at any other height in the cloud ean be com-
puted from Eq. (1). Also the effective concentration in the lowest 6-ft.
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layer of the cloud may be determined from curve C in Chart 'III.

SmorE CLoups

Density.—When chemicals create & smoke they either burn or
hydrolyze in the air, thus generating heat which warms the air imme-
diately downwind from the auurgg of smoke. “moke clouds thus rise
more than gas clouds, sinee air containing hot smoke particles, being less
dense, tends to rise above the surrounding cooler air. Again, unlike gas
clouds, smoke clouds have an even concentration at all elevations above
ground. _

Lateral Spread and Drag Effect.—The lateral spread and drag effect
of smoke elouds are substantially the same as for gas clouds.

Vertical Rise.—The rate of vertical rise of smoke is much greater than
that of gas because the smoke particles absorb heat waves from the sun
and are warmed up thereby. The transfer of heat to and from smoke
particles by radiation is also very important, especially in bright sun-
shine. Since each amoke particle has a diameter of 10~2 to 10~¢ em. and
18 surrounded by a tightly held air film about 10-% em. thick, it acts like
a tmy air-filled balloon, rising when heated and falling when cooled below
the surrounding air, Thus, while convection currents tend to give the
same rise to both gas and smoke, radiation primarily affects the smoke
particles only. In addition, smoke particles in the air are heated by
radiation from the ground surface as well as from the sun and, when the
ground is cooler than the air, the smoke particles actually Jose their heat
by radiation to the ground. Hence smoke clouds are more influenced
by ground temperature and time of day than gas clouds.

RELATION BETWEEN QUANTITY AND RANGE

The amount of chemical required to establish an effective concentra-
tion on a target is determined by the general relation between a quantity
of chemical and its effective range.

Let W = weight of chemical released from one puint, in pounds,

D = density of chemical released (air = 1),
V = original volume of chemical released from one point, at
atmospheriec temperature and pressure, in cubic feet,
Vi = volume of chemical after it has traveled a distance S, in
cubie feet,
8 = distance traveled from point of release at any time T, in
feet,
T = time of travel, in minutes,
Cu = average concentration of the toxie clond,
(7, = ground concentration of the toxic cloud (ie.,
centration of lowest 6-ft. stratum),
C = minimum effective concentration expressed as a volumetric
ratio of chemieal to air, in parts per thousand,
H, = height of C, above ground, and
H;i = height of C, above ground.

merfin ron-

Experience shows that the diﬁnfensinm of a chemical cloud generated
from one point of emission can be expressed in terms of the distance
traveled under various field conditions as follows:

Let S = distance traveled by top of cloud,

F, = width of cloud at any distance, S,
H, = height of cloud at any distance, S,
R, = drag effect of cloud at any distance, S.

The values of F,, H,, and R,, as functions of 8, for various field con-
ditions, are shown in the following tabulation:
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nver=| morn=| ptely uh:i.ft.inn:i | |
east ing ol rolling 4-9
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] LiERLRLEY !
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* Nore: The values piven for smoke in the above table apply only to a range rmoke, i.e., one blowing
direetly toward the target nrea,  For dots pertsining to lateral smoke clouds, see Chap. XIIIL.

I the ghove table, it i= shown that, under average field conditions,
s ogax cloud will have a vertical rize of 10 per cent and a drag and lateral
~preail of 20 per eent of the distanee traveled.  After the gas has traveled
g listaner 8 we have n toxie eloud of the following dimensions:

Wing 3

—e ————— R it
Fra, 1.—Travel of gus clouds.
64
Top length of cloud at distance S = S

Bottom length of cloud at distance S = L,
Drag of cloud at distance S = i,
Bottom width of cloud at distance § = F;

Height of cloud at distance § = H,
. LJFH,
Heuce V,= ﬂf (2)
But L,=8 —- R, (3)
And, for average field conditions,
R, = 028
Hence L, = 0.85
Fr =02 % 088 = 0.168
H, =018
Therefore ~ Vy = 205 X “"ﬁﬁ’s X015 _ 5002138 4)
If we denote the coefficient of S by the symbol K, Eq. (4) takes the
form
V.= KS? (5)
When the toxie cloud reaches & length S,
v
V.= o (6)

where C, is the average concentration at the distance, 8. Substituting
value of V, from (6) in Eq. (5), we have

Z = K8? (7)
Henee V = KC,8 (8)
A ()
iy S = m
7
Since V = %
W = K(C.,DS* (10}
3
and 8= -\’R“::FT) (11)
From Eq. (1), page 61, we have
Cy 105 H,
= g . 1)
65

Since C; is the mean concentration of lowest 6-ft. stratum of the toxie
cloud,
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H, = 3 ft. (curve B, Chart 1II)

and log H, = 0.4771

Also, when the cloud reaches its maximum effective length,

C1 e C {13]
C iz a definite quantity for each gas according to the physiclogical effect
desired and the time of exposure to the gas,

Henee, when the cloud reaches its maximum effective length:

0.4771

C. = log Ha

X C (14)
Substituting the value of C, from Eq. (14) in Eqs. (10) and (11),

we have

, _ 0477T1KCDS?
i log H, (1)
"W log H,
§ = \/D.-lﬂlﬂffﬂ (16)

Since the ground distance, or range, L in any given case 1s a definite
percentage of the distance S [Eq. (3) and table on page 63], we see from
Eq. (15) that the quantity of chemical required to set up an effective
coneentration on a distant target increases as the eube of the distance to
the target and, from Eq. {16), the effective range of a given quantity of
chemical varies directly as the cube root of the weight of chemieal
released and inversely with the cube root of its density and effective
roneentration.

Sinee the values of K in the foregoing equations depend upon the
corre=ponding values of F,, H,, and [{,, which i tum vary with the
ti=tunee S, as shown in the table on page 63, the values of K for gusey

und smokes, under varying field conditions, may be sunuuarized as
fullows:

Vaolues of K
Field condilions
Grs Smoke
Favorable. .. ... ..ooveeen et oo . 0.0DDB0DS . 002025
AVEIUER. . ... i e 0.002133 (. 004267
Unfavorable......... ... iviiiininnana, | 0.014292 .014202

As H,, the height above ground of the average concentration, also
varies with the distance 8, we might express H, as a function of S and so
convert Eqs. (15) and (16) to functions of S and the quantities K, C, D,
which are definite constants for any given case. Such a procedure, how-
ever, leads to very complicated formulas for W and S, which would be
cumbersome to apply in practice.

A shorter and simpler method is to plot a curve for Eq. (14) from
which the value of C, in terms of C; may be read directly for any given
case and then inserted in Eqs. (10) and (11). Curve C on Chart 111 is
such a curve and expresses the value of C. as a percentage of C, for any
rise up to 300 ft. Above a rise of 300 ft., which correspunds to a gas
range of 3,000 ft. under average field conditions, the value of C, is
obtained from Eq. (14).

In order to illustrate the time and space factors involved in dis-
semination of & gaseous chemieal, from a single point of emission, let us
take the simplest case of a cylinder discharging chlorine, We shall
assume that the evlinder holds 30 Ib. of liquid phosgene. A cubie foot of
air at 20°C. (68°F.) and atmospheric pressure weighs 0.075 lb. and, as
the density of gaseous chlorine is 3.5 times the density of air at this
temperature and pressure, it weighs 3.5 X 0.075 = 0.2625 Ib. per
cubic foot. Using Eq. (11) above, and a lethal concentration of 1:10,006,
we have for average field conditions

’ 30
10,000

for an average concentration of 1:10,000. But at thiz range the ground
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concentration equals approximately three times average concentration.
Substituting this value for C, in Eq. (11}, we have

S = 1,172 ft.
Ly= 088 = 042 f1,

Thus, 30 Ib. of phosgene under areroge ficld conditions will have a
cange of 942 ft., with ground concentration of 1:10,000 (0.434 mg. per
liter), which is lethal on 15 minutes' exposure. With farorable field
ronditions, the same amount of chlorine will have an cqually effective
range of 1,233 ft., while with unfavorable field conditions thix effeetive
range will be reduced to 430 ft. In this case, favorable conditions
increase it to 53 per cent of the range under average ronditions.

If the wind is blowing steadily toward the target at a rate of 5.4 milex
per hour (475 ft. per minute), the cloud will, under average field con-
67
ditions, reach its full development (in the form shown in Fig. 1) in
Y4237s = L.98, or approximately 2 minutes. To maintain an average
roncentration of 1:10,000, our cylinder should be emptied in that time,
requiring a discharge rate of approximately 151b, per minute. If a slower
rate of discharge is used, the gas cloud will be attenuated and its concen-
tration will be correspondingly lowered. Also, if there is an increase in
the wind velority, there should be a corresponding increase in the dis-

rharge rate in order to maintain the same concentration,

(In the other hand, with a 5§.4-mile wind and a discharge rate greater
than 15 Ib. per minute, the initial concentration of the eloud will be raised
ahiove the strength of 1:10,000 {(0.434 mg, per liter). After the cloud has
traveled the same ground distance (942 ft.), its concentration will fall off,
as indicated above, but will still be higher than 1:10,000 by the time the
cloud reaches the target. There is, therefore, a theoretical advantage in
increasing the discharge rate, but there are practical difficulties involved
in so doing. In the first place, much higher pressures are required for
greater velocities of discharge, the pressure increasing as the square of the
velocity. Also, if the emission is too rapid, there is insufficient time for
the ejected liquid to change into vapor and the liquid chemical falls to
the ground where part of it is lost by absorption. Moreover, the liquid
on the ground produces a very high local concentration immediately
adjucent to the operating troops and may endanger them if there is any
unsteadiness in the wind.

Size of Target.—Another very important factor in the cloud or wave
method of disseminating gas is the size of the target area to be covered.

Width —The width of the target area shounld be approximately equal,
but should not exceed the width of the gas cloud at the front edge of the
target, f.e,, the value of F; as shown in the following table:

Per eent

Volues of F, i of range L,

Vaulues of F;
Field ronditions

1
Gins | Smoke Gas ' Smoke Gas Smoke
SR I‘_ i
Fovoruble, ., ... .. 0.15658 | 0.155 [ 0.1355 | 0.1358 | 0.80 0.80
Averige. 0.208 | 0.208 | 0.1605 | 0.160S | 0.80 | 0.8
Unfavorable ... .. . | 0.508 0.505 | 0.3508 | 0.3508 0.70 0.70
]

For chemieals cmitted from a single point, with a range of 1,000 ft.,
the width of target should be: for favorable conditions, 90 ft.: for average
cronditions, 80 ft.; and for unfavorable conditions, 70 ft.

_ Depth —1f the target area is of material depth as eompared to its
distance from the point of emission of the gas, it should always be included
usa part of the range. Otherwise, by the time the gas eloud reaches the

B&
rear boundary of the target, its concentration will have fallen below
the required effective strength. As an illustration of this point, let us
assume that the discharge from the eylinder mentioned above travels over
a target 200 ft. deep whose front edge is at the distance L = 1,050 ft,
from the cylinder emplacement, We shall also assume that the cylinder is
emptied in 2 minutes, so that, by the time the first chlorine discharged
reaches the front edge of the target, the last chlorine will have just been
released from the eylinder. Traveling at the rate of 6 miles per hour
(528 ft. per minute) 1t will require 0.40 minute for the cloud to pass over
the target area. During this time, the cloud will expand to the larger
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Wind &mi /he -

e {p..mr' 10 ooos

Fia. 2.—Travel of gos clouds.

dimensions indicated by (") letters in Fig. 2. At the same time, the rear
part of this volume, following the expiration of the eylinder discharge and
indicated by (') letters, will be uncontaminated air.

ABCD = target area: AD = 200’

Assuming average ficld conditions,

FF i Eﬂﬂ — /
R = 025" = 312.6
LH‘ = ll;‘,;H — RH — 1'25{]!
F,'" = 0.168" = 250/
H,” = 0.18" = 156.3’

T = L'FH,” 1,250 X 250 X 156.3

[ ] - E == ﬁ
_ L'F/H' _ 200 X 40 X 25 _
= = -

The volume of the expanded toxie eloud is V,”” — V,' = 8,107,325 cu.

ft., while its average concentration is
6y

30
8,1“?,325 =}~ m = LE[I,[HJ[I

= §,140,625 cu. 1.

L

33,300 cu. ft.

and its ground concentration is 1:15,000 which is only one-fifteenth of the
lethal concentration,

Time of Emission.—Again referring to the example given on page 66,
we ree that 30 lh. of chlorine will produce a lethal econcentration of
1:1,000 over a turget area 168 ft. wide at a distunee of 1,050 ft. from the
point of emission if discharged at the rate of 15 1b. per minute. This con-
eentration is, however, lethal only after 30 minutes’ exposure, so that 450
Ih. of chlorine would be required to produce deaths per 168 ft. of enemy
front, or almost 3 Ib. per foot of front. Of course, nonfalal casualties will
e produced over a much wider front, since chlorine causes such casualties
il concentrations of 1:10,000, or approximately one-tenth the lethal
concentration, In this case, nonfatal casualties could be secured with
the same amount of chlorine over a target area 361 ft. wide at a distance of

1,806 ft.
Comparison with Smoke.—If instead of a gas we used the same

quantity (30 Ib.) of a toxic smoke of the same density, under the same con-
ditions, in a coneentration of 1:10,000, we should have

:/ 30
0.004267 X 0.1865
8 = 10,000 = 1,556 ft.

L, =08 X 1,556 = 1,245 ft.
Fi=0.2L, = 240 ft.

from which we ree that our effective range is 1,245 ft. and our width of
target 249 ft.

When a gas concentration is increased tenfold and all other factors
remain the same, the effective range is inereased by the eube root of 10,
or 2.154 times, The smoke cloud in our example does not realize such an
increase over the gas eloud because the vertical rise of smoke is twice as

-great as that of gas, 4.e., K smoke = 2K gas (table, page 63).

Multiple Points of Emission.—In the foregoing discussion concerning
the relation between a quantity of chemical and its effective range, we
have considered only emissions from a single point. In actual practice,
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however, the gas-cloud method of chemical attack ix always carred vut
on a large scale over a eonsiderable portion of the enemy's front. To
cover such an area the chemical must be discharged from a sector of one's
own front bearing relation to the size of the target to be covered, 1.e., the
themical is discharged from a large number of cylinders uniformly dis-
tributed along & line substantially parallel to the enemy’s front and of &

length in proportion to the target area.
70
In order to determine the relation hetween the amount of chemical and

ita effective range when discharged from multiple points of emission and
the optimum arrangement of these points with reference to the target
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Fras. 3=6.—Multiple points of emission,

area, we shall first consider some fundamental elements of the problem
As the vertical rise of a gas or smoke cloud bears a constant ratio to its
length in any ease, it will somewhat simplify our diseussion if we confine
our attention to the plan views of the chemical clouds considered.
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Accordingly, in Figs. 3, 4, and 5 we have plan views of three posasible
arrangements of fwo cylinders, or points of chemical emission. In Fig, 3,
the eylinders, each containing a quantity of chemical W, are placed at
points O, and Oy, F) distance apart, along a line parallel to the front of
the target area ABCD and at a distance L, = 1,000 ft. therefrom. Thus
arranged, the contents of the two cylinders cover a target 2F, in width
with a concentration C. In Fig, 4, the same cylinders are placed at points
0, and O, half the distance apart, shown in Fig. 3, F,/2, so that their
clouds overlap a distance Fy/2 at the target line 4,8,., Thus arranged,
the cylinders cover a target 1.5F; in width with & concentration C,

In Fig. 5, both cylinders are placed at the same point O so that their
vlouds coineide and cover a target Fy in width with a concentration C.
{Our first inquiry is as to the relative ranges obtained by these three
arrangements, ¢.¢., the relations of Ly and Lyto L;.

It is apparent from inspection that Figs. 3 and 5 show the extreme
cuses and Fig. 4 shows the mean case of all the ways in which two eylinders
or points of chemieal emission could be arranged in practice, and that
the runge L, in Fig. 3, is equal to that of a single eylinder. Considering
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Fig. 5 next, we see that this is really the case of a single cylinder of 2W
sapacity, so that from Eqgs. (3) and (11), page 64.

L: = ‘\:/i X‘LI — 1-2‘5.[11 F; = 126!‘1]

Comparing these two extreme arrangements, we find that the range in
Fig. 5 is 26 per cent larger than that in Fig. 3, while the front covered is
only 63 per cent as large. '

Now considering Fig. 4, wo see that the ground ares covered by the
two elouds is

and

Ly

2F g X

gi = EFSLE
while their volume is

f] Hy TF3l:Hs
gl Xy = T

Sinee the ground length of a gas cloud is eight-tenths, the spread two-

tenths, and the rise one-tenth, of the distance traveled, S, the volumes
of the two clouds in Figs. 3, 4, and 5 are, respectively,

I'Tl = E(FILIHI) — 1(&1 » Ij b4 Ii}) = Lla

B 3\4 -1 78/ 96
FalaHs\ _ 7{Ls _ Ls 53)_71;:-‘
F":'T( 24 )“ﬁ(?xlxa 768
_ FaliHy  1{Ly  Ls o Ls\ _ L&’
Vo= =% ‘E(TKT"E = 102
i2
But
W
Vi =256
LW
Ve = 250
DLW
Ys=2p¢

where D is the density and C the concentration of the gas.

Hence Vi=Ty=1,
And
TL* Ly®
768 96
' 68
Ls = Ll\f'ﬁ‘ﬁ = 1,045L,
And
L2 L
192~ 06
3192
LI = L]\JE lﬂﬁﬂLl

From the foregoing we see that, if the range L; in Fig. 3 1= 100 per
vent, the range in Fig, 4 is 4.5 per cent greater, while the range in Fig. 515
26 per cent greater.

From the above we conelude that with a given quantity of chemical the
maximuwm ronge is ohtained by discharging the whole quantity from one
point, while the maximum width of target is obtained by dizcharging half
the quantity from each of two ponts spaced apart a distance equal to
half the target width. I the poiuts of emission are further apart than
half the target width, then there will be gaps between the elouds over the
target aren and, if the points are closer together than half the target width,
there will not he & uniform concentration C over the target, but an increase
above ' where the clouds overlap.

When more than two points of emission are used, optinmun results are
nhtained when the points are spaced a distance apart equal to half the
width of target covered by one cylinder. With this arrangement, as
indicated in Fig. 6, it may be shown that the diztance S traveled by the
composite cloud emitted from a number of points, N, varies in accordance
with the following general equation:

3
W
S'wumﬁ~nﬁﬂi

(17)
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and since L = (.85 for average field conditions

3 W
L == G.Evi‘f{}{ﬁf _ lj‘K"CuD
Il the range L for ene point of emission is given a value of unity, we have
the following relation between the range from one point of emission

and the successive ranges from multiple points of emission:
Runge 1o Target

(18)

Points of Emission

1 1. 000
2 1.045
3 1063
4 1,072
5 1.077
] 1081
T 1.054
8 1.056
! 1.087
10 1.0589
N 1.100

From the foregning table, it is ®een that the range slowly increases
with the number of points of emission and approaches a limit of 1.1 times
the range from a single point of emission, as the number of points of
eiission is indefinitely increased.  Also, the optimum arrangement of
cylinders, as indicated in Fig. 6, gives a front of emission practically equal
to the width of the target to be covered.

From what has heen shown above, the number of cylinders needed to
cover a given target may be determined as follows: Let the target bre
L,0UO ft. wide by 500 ft. decp and at a distance of 2,000 ft. from the nearest
seetion of front from which the evlinders ean be installed. It is desired to
“t up and maintain a lethal coneentration (1:10,000) of phosgene on the
Lirget, under average ficld conditions and with a range wind of 6 miles
P hour, Each eylinder holds 30 1. of phosgene.  Required: the
nutiber of eylinders and their distribution.

At 20°C. (68°F. ), the density of phosgene is 0,.2654 b, per cubie fuot.
From I3q. (2):

2500 ft, = 8§ — 0.28 or S = 3,125 ft.
F, = 500 ft. H, = 312.5 ft. (table, page 63)

From curve B, Chart IT1,
H, = Lfﬁ = 104.17 ft.
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From Eq. (14)
_ 0.4771 1

Ce = 31971 X 10000

= (0.00002243

Since here F, equals half the target width and the optimum arrange-
ment of eylinders is at intervals of F,/2, four groups of cylinders, spaced
250 ft. apart, are required to cover the target area.

From Eq. (18),

3I||' ﬁ

%900 ft. = 0.8+ 373)6:002133 % 000002243 X 0.2654

irom which
W = 560 lb.

und the total phosgene required is 4 X 560 = 2,240 1b.

As the wind is blowing at the rate of 528 ft. per minute, it will require
5 minutes for the cloud to reach the rear boundary of the target and an
equal time to move over the target. As the phosgene concentration of
1:10,000 is lethal only after 10 minutes’ exposure, it takes twice 2.240 or
1,480 Ib. to maintain this concentration on the target area for the neces-
sary time to produce fatal casualties. This is equivalent to a total of
150 eylinders divided into four groups spaced 250 ft. apart,

In the preceding example, it was shown that 2,240 1b. of phosgene are
required to establish a concentration of 1:10,000 on a target 500 by
1,000 ft. at a distance of 2,000 ft. (667 vd.) from the line of emission. If
the phosgene could be released on the target and dispersed uniformly
thereover, it would require only

300 X 1,000 X 6 X 0.2654
10,000

= 80 1b.
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to set up a lethal blanket of gas 6 ft. high over the target area. Thus, at
4 distance of only 2,000 ft. (667 yd.), it takes 28 1. of clhiemical to dis-
seminate 1 1b. in an effective form on the target area by the cloud-gas
method of projection. Moreover, as the gquantity of chemical required
establish an effective coneentration varies as the cube of the range, the
rloud-gas method of attack becomes very wasteful of chemical agents
when the range exceeds 1,000 yd., since so lurge a portion of the chemiesl
18 dissipated before it reaches the target or is disseminated in the upper
parts of the cloud where it serves no useful purpose. For this reason
various forms of projectiles were early employed to carry the chemicals
to the target and to release them on the target area. The first projectiles
used for this purpose were artillery shell.  These were soon supplemented
hy trench-mortar shell and later by special (Livens) gas-projector hombs
which were fired in only one salvo and thus released the entire ehemical

]
concentration at one instant, thereby greatly increasing the surprise
cffect and the initial toxic concentration. Finally, special (4-in, Stokes)
rapid-fire mortars were developed for projecting chemicals in mobile
situations and were used very effectively throughout the war,

DISSEMINATION BY PROJECTILES

While the theoretical economy of releasing chemicals on the target
area i very large, a8 indicated above, the practical advantage iz not
nearly so great, for several deterrant factors enter into the projection
sand dispersion of ¢hemieals from projectiles.

In the first place, projectiles are not very efficient as carriers of
chemieals, for their walls must be made thick encugh to withstand the
shock of discharge, and this greatly limits their chemical caepacity. The
rfficiency of a chemieal projectile may be defined as the ratio of the weight
of chemieal filling to the gross weight of the projectile.  On this basis, the
hest artillery shell have an efficiency of about 12 per cent. The short-
range trench and chemical mortars, having to withstand far less violent
shocks of discharge, may have thinner walled projectiles with eorrespond-
ingly greater chemieal capacity. Thus, chemical-mortar shell have an
efficiency of about 30 per eent. Livens projector horbs, having a still
shorter range, have 50 per cent chemical eapacit y. Finally, chemical drop
bumbs and land mines, which are merely dropped or placed in position
und thus have no shock of discharge to sustain, have an efficiency of
60 to 70 per cent.

Another factor which greatly reduces the efficiency of artillery for
themical projection is the large increase in dispersion of the projectiles
as the range increases. The standard target unit for artillery fire is u
*quare 100 yd. on a xide, generally called the artillery square. At 3,000 yd.,
the dixpersion of shots from a 75-mm. gun is o small that approximately
#l per cent of the projectiles fired fall within an artillery square, Ay
8,000 yd., however, owing to greatly increased di=persion of shots, only
H per eont of the shell fall within an artillery square. Thus, about
2.2 timex as many shell and chemical must be expended to produce an
cffcetive concentration on a 75-mm. artillery square at 8,000 yd. as at
3000 ya.  The same ix true of all other ealibers of artillery and, while a
Rreuter pereentage of shell will fall within a large target area than s <mall
one, u greater amount of chemical is also required for the larger target.
although not quite in the same proportion, It thus arises that the effi-
tiency of the artillery as a means for projecting chemicals falls off very
rapidly as the range inereases.

A third factor limiting the efficiency of artillery shell as ehemical
velicles is the loss of chemical on the burst of the shell. On account of
It~ rigged ronstruction, an artillery shell requires a considerable foree

it

to vpen 1t and, when this force is applied from the burating charge in the
shell, it drives a portion of the chemical charge into the ground: also, it
throws a portion into the air above the 6-ft. effective stratum, where it is
largely lost insofar as any useful effect is concerned. It is variously
estimated that from 25 to 50 per cent of the chemical contents of an
artillery shell is thus lost on the burst of the shell if the gas is nonpersistent,
For persistent guses thie loss is much less. Also, the loss is much less if
the shell is burst in the air just above the target, as air-burst chemieal
shell release from 80 to 90 per cent of their contents in an effective form.

What has been said of artillery shell epplies also, but to a far less
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extent, to short-range projectiles such as Livens bombs and chemical-
mortar shell and, to a still less extent, to aviation drop bombs and land
mines. Not only are all these latter projectiles of greater efficiency, but
they also have much less dispersion than artillery shell at the longer
ranges and do not require such large bursting charges to open them.

Because of the great variation in efficiency of the several classes of
chemical projectiles, it is obvious that only the most efficient types
should be used in the zones they can reach. Thus, the special chemieal-
projecting devices, such as gas-cloud cylinders, Livens projectors, and
chemical mortars, which cover the vital infantry combat zone out to a
distance of 2,500 yd. from the front lines, are far more efficient and
effective for chemiecal projection than artillery with its shells of relatively
low eapacity and efficiency. For the same reasons, aviation drop bombs
are more efficient than long-range artillery for dissemination of chemicals
beyond a distance of 10,000 yd. (about 6 miles) from the infantry front
lines, It is principally on the basis of the relative efficiencies of the several
chemical-projecting means that the normal zones for their employment,
indicated on page 54, were arrived at.

Regardless of the type of projectile emploved to earry the chemical
to the target, the dispersion of the chemical after release from the projee-
tile is essentially the same as when released from cylinders. That is to
say, the chemical, when released from projectiles, volatilizes, expands, and
diffuses into the air, and thus forms a toxic ecloud whieh then moves
with the wind exactly as the clouds formed by eylinder discharges.

The same relation between quantity of chemical and the effective
range of the chemieal obtaing when the chemiecal is released from projec-
tiles as when it is released from cylinders, exeept, of course, that there i«
no loss from expansion and diffusion before the toxic cloud reaches the
target area.

In addition to obviating this loss, projectiles have two very important
advantages over cylinders as a means for disseminating chemiecals. First,
all kinds of chemiecals may be employed in projectiles regardless of their
physical state, whereas only chemieals which are relatively volatile liquid-

77

may be employed in eylinders. Secondly, chemicals can be used in
projectiles regardless of the direction of the wind, whereas cylinders can
only be used when the wind is blowing toward the enemy’'s lines. Even
when the wind is blowing directly toward one’s own lines, chemicals may
be put over in projectiles without danger to friendly troops if the dosage is
sdjusted to the distance between the target and one’s own lines in
accordance with the quantity-range relution discussed above.

This relation is thus one of the most important in chemieal warfare,
fur it not only enables one to determine the quantity of chemical required
to estublish and maintain an effective concentration on a given target at a
given range, but, what is equally important, it also enables one to deter-
mine how much of a chemical ean be safely placed at a given distanee from
one’s own troops under the most adverse conditions. Except for cloud-
gas emission from one’s own front lines, for which favorable winds are
required, it is possible by these determinstions to use chemicals at all
times and under all conditions with perfect safety to one’s own troops.
It is at onee apparent that, if it requires W pounds of chemical to establish
an effective concentration on an enemy position X distance from one's
awn front lines, any amount of this chemical less than W, released within
the enemy position, will not produce an effective concentration on
fricndly troops, even in an adverse wind, since the relation between a
quuntity of chemical and its effective range applies alike to both <ituations’

CONTROL OF CHEMICAL WARFARE

Because of this definite relationship between chemical quantities and
cﬂ'ent_:lve ranges, chemical warfare is susceptible of much eloser control
than is possible with bullets and H.E. shell. When a bullet or shell once
iﬂ:ﬂ".-'ﬁ the gun, the gunner cannot tell what its effect will be. It may
Acochet or be deflected from its path by striking some intervening
obstacle, and its ultimate point of impact may be far removed from the
mtended target.  Even if it strikes within the target area, no one can
I'r"ql*‘l where its fragments will strike or what their ultimate effect will
i \Un the contrary, a given quantity of chemical will have a definite and
predictable effect when intelligently used by properly trained troops who
thoroughly understand the behavior of chemical concentrations in the
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field and know how to employ them, for chemical concentrations follow
closely the laws of gases and these laws are just as certain and definite as
the law of gravity.

This fact cannot be too strongly emphasized, as there is much mis-
apprehension concerning it, not only on the part of the public in general,
but even on the part of military men of high rank and position. One of
the main wrguments advanced against chemical warfare at peace con-
ferences and in other public discuasions in the years immediately following

78
the late war was the mistaken notion that chemicals employed in military

nperations cannot be controlled and confined to the battlefield, but will

unavoidably extend their deleterious effects to areas far behind the combat
gone and thus kill or injure noncombatants and civilian populations,

A typical illustration of this erroneous ides iz contained in Genersl
March’as book on the World War. He says:

We had had the use of gas foreed on us in the war by the action of Germany, and
in self-protection had to organise the Chemical Warfare Bervice. And no soldier
can say that he prefers to be killed by being torn to pieces by a shell rather than to he

gassed. But the use of poison gas, earried wherever the wind listeth, kills the birds

of the air, and may kill women and children in rear of the firing line. When 1 first
resched France ] found in Paris an American organization, headed by Miss Lothrop,
which had » hospital in which, when 1 inspected it, were over 100 French women and
children who hiad been living in their homes in rear of and near the frond, and who were
gassed. ‘The sufferings of these children, particularly, were horrible and produced &
profound impression on me. War is cruel a8t best, but the use of an instrument of
death which, onee launched, eannot be controfled, and which may decimate non-
rombatante—women and children—reduces civilization to savagery.

The instanves in which women and children were gassged in the war
were very few and in every such case they were gassed because they were
living (s in this case) in areas so close to the battle front that they might
easily have become vietims of bullets, shells, or any of the other weapons
of war, a8 were many thousands of others who risked their lives by
remaining in the combat sone.

As a matter of fact, the largest gas attacks in the war did not extend
beyond 10 or 12 kilometers behind the firing lines. Moreover, the con-
rentrations beyond 2 to 3 kilometers from the front were so0 weak as to
require prolonged exposure to produce even light casualtiez whereas
deaths from such cuncentrations were unheard of. Bince the normal
range of medium and heavy artillery is from 12 to 15 kilometers behind
the front lines, it is obvious that any civilians remaining in thisx zone do
<0 at their own risk and are in daily jeopardy of their lives, Yet no one
advoeates the abolishment of artillery as a weapon of warfare. The case
iz even worse against high-explosive long-range artillery shell and aviation
drop bombs, for these two weapons were extensively used throughout the
war on Paris and other cities far behind the combat zone where non-
combatant civilians had every right to pursue their peaceful occupations
without jeopardy of life and limb. Nothing is said of the thousands of
women and children who were killed and maimed by long-range artillery
and aviation bombs in areas far behind the battlefields. It iz apparently
considered legitimate for 8 combatant to fire H.E. shell at random into a
large city some 70 kilometers behind the front, as when the Germans fired
long-range guns on Paris and with a single shell killed or maimed 80 people
worshiping in a chureh. Instanees of this kind could he eited by the score,

if
yet the advocates of humanity in warfare are apparently prepared to
accept such wholesale destruction when ecarried out by means of the
older and more familiar methods of warfare.

The record of gas in the World War as affecting noncombatants is
singularly free from the charge of indiscriminate and uncontrolled injury,
for gas was not used in long-range artillery shell or aviation bombs, or in
any way beyond a distance of 10 or 12 kilometers behind the firing lines,
which zone is universally regarded as the field of battle in modern warfare,

Whatever objections might be logically advanced against the use of
chemiculs in war, the lack of control of their effect is not one, for chemicals
cann he far more accurately controlled and their effects more carefully
ndjusted to the purpose sought than any other weapon heretofore devised
by man.

i)
CHAPTER V

CLASSIFICATION OF CHEMICAL AGENTS
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("hemical agents may be classified in several ways depending upon the
point of view and the purpose of the classification. Broadly spesking, we
may divide the several classifications into two general groups—theoretical
and practical. In the theoretical group are included elassifications
according to: (1) chemniral composition, (2) physical state, and (3)
phvsiological effect, whereas the practical group comprises classifieations
secording to: (1) persistency, (2) degree of setion, and (3) tactical
employment, In this chapter we ghall discuss briefly these several
claxsifications, both during and sinre the World War, including the system
of marking to denote the various elasses of chemical agents used by the
prineipal nations, and we ghall conclude with rome general observations
ot the subject of elassifieation.

Unfortunately, many of the rclassifications heretofore in use were
bused upon classes that were not mutually exclusive but tended in many
instances to overlap. Thix was unavoidable from the properties of the
agents themselves, as will be more particularly brought out in discussing
the various classes of agents, and there is probably no system thut can he
devised which is absolutely free from this defect. Nevertheless, classi-
ficutions serve many useful purposes and, for use in the field, should be
made ax simple and ax clear-cut as possible,

CHEMICAL CLASSIFICATION

Although a vast amount of effort has been expended during and
since the late war in an attempt to establish some general laws governing
l_h'f relation between chemical structure and physiologieal action on the
I“"_“H body, there is, strictly speaking, today no simple classification of
toxie substances in accordance with chemical composition. We have
mentioned in Chap. II the tremendous number of chemical compounds
Among which physiologically active substances may be found., With thix
Y&t reservoir from which to draw, it is obvious that much research effort
would be saved if the field of search could be delimited by the establish-
m""{“ of the general relation between chemical composition and physio-

l'u! action. Consequently chemists and toxicologists have worked

d in hand on this romplex problem for many years and, while they

have not yet solved it, they ha\-e]h?:%neaded in throwing much light upon
the subject and enabled investigators to confine their research to certain
families ‘of compounds where desired physiological properties are most
apt to be found.

We cannot go very deeply into this subjeect here; to attempt to do #o
would lead us far into the field of biochemistry and pharmacology
und space does not permit; but we shall state briefly eertain limited
generalizations which have been established and found useful. The
clearest simple statement of this complex subject known to the author
15 that of Hederer and Istin (15), of which the following is a condensed
extract.

It has long been known that certain metals and metalloids POSSExs
well-defined toxic properties and that they often confer upon the com-
pounds in which they are present marked physiologieal activity. Such
metals are arsenic, antimony, tin, mercury, lead, and bismuth. Other
elements, themselves of indifferent toxicological action, are capable of
combining to form gronps or radicaly which, although they do not alwayx
have an actual existence, have the power of giving to their compoundx
special physiologieal properties. For example: (1) the jons H+ and OH-
which form, respectively, the acids and the bases; (2) the oxidizing groups
—80,, 804, NO,, and P;0;; and (3) the reducing groups—S50,, 8H,
P:0,, and CO,

These materials being known, we can distinguish, without attempting
to formulate a law of general application, three different classes in
accordance with the organization of toxic molecules; each of them ix
characterized by particularities of molecular strueture and eommon
physiologicul properties.

In the first class, the atom or the toxie group is combined, according
to its valence, either with one or several halogens (F, Cl, Br, I) or with
one or several radicals (80—, 80—, NOs—, NO;—, CN—) but never
with an atom of carbon. The substanves constructed on this model are
mineral compounds, and their schematic formula ean be written

X—M—X
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where the symbol X represents either a halogen or a redueing group, and
M, the toxic atom or group.
The substance mercuric chloride (HgCly}, the formula of which may be
written
Cl—Hg—Cl
i» an example of compounds of the first class. Other toxic compounds of
military importance in this class are:

104
Sulfur monochloride., . ........... me r s 8,Cls
'l
Arsenic tHORIOFAR. . . v ..ttt e e ee e El-—An{i
Cl
Cl
Bulfuriechlorhydrin. .. ... .ot i . ﬂﬁ<
Cl

In the second class, the toxic elemenis {M) are combined with one or
geveral organic radicals (such as CHy—, C;Hy—, CyHy—, CsHy—) and are
found linked by ecarbon, or by one or several atoms of hydrogen—the most
simple organic radical. There are thus obtained the organic compounds,
many of which (to indicate the presence of the characteristic element)
merit the name organo-minerals. They respond to the general formula

R—M—R
in which the symbol M is the same as before and in which the K represents

an organic radical. The substance eacodyl ((CH,)y.As;), the formula of

which may be written:
H,

H,

1+ g example of compounds of the second elass.  Other toxic compounds
of military importance belonging to this class are:

CH C
‘>:5LH—‘:\:3<<
CH, C

Methylmeresptan . . ... ... ... mnenennennn.. H—8—CH,
Methylarsine. .. ............ ... . ciiiuuiainn. CH,—As—H;
Lewisite (TLI). .. .. ... e esrnearnss As=({CH=CHCQ),
;H
Methylformate. ..........coviririeiiirrnrenn-, D=C<\
OCH,
H
Aerolein. ... e 0= C-«f:}
"CH=CH,
Hydrocyanic meid.. ... ........oonereonno. .. H—C—N
Phenylearbylamine . ... ool il (=N—C.H,

lu the third clags, the basic materials ean combine, in one or several
valences, with halogens or with ionizable mineral radicals, as bodies of the
first class and thus, or by the remaining free valences, either with carbun
OF organic radicals or with hydrogen, as bodies of the second class. In
order to realize similar compounds, ealled organic or organo-mineral
» the primary elements should be at least bivalent. The formula

compounds of this elass is
BE—M—X
s whicl, ull the symbols are the same as abave,
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Etbyl mercuric chloride, the formula of which may be written

C;H;,—Hg—Cl

is an example of compounds of the third class. Other important military

toxic compounds belonging to this class are

CH,—CH—CI
Mustard gas. ... ... ... .. I:'v<
CHy—CH—Cl
Dichlormethylamine. . .., ..., ..... ..... ..., .., CHi—As=Cl;
Lewisite (010, ... . i e {CICH—CH )s=—Ax
Phosgene. .. ......... ., ....... . O=0=Ci,
Cl
Chlornformate of methyl chloride. .. .. ... ; D—C<
*0CCl,
CHI

Iodoaeetone, . . .. ... ... i . U=C<

CH,
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Cyanogen chloride, ... .. ... ... ... .. ..., Cl—C=N
Phenvlearbylamine chloride. . ... ... Cle=C=N—CH;
Cl
Methvichlormulute, . . .. .. o o ool EH:!-.-H-H{
OCH,
O
CRIGHBEETIN. . e ove e e e e e caerneins o cn,c-r:{
Q

While it appears from the foregoing that many of the World War
chemical agents may be classified in accordance with the scheme out-
lined, it does not follow that all sueh agents are #o elassifiable, as there are
many known exceptions, and undoubtedly many more exceptions will
e found as new chemical agents are discovered.

Another chemical classification of combat toxics is indieated hy
Hederer and Istin as follows:

I. Oxvdizers, e.g., chlorine, chlorpenn, or

2 Reducers, eg., uerolein, ketones,

4. lonizable, e.g., hvdrocyanie acid, arsines, or
- Nonionizable, €.g., carbon monoxide.

However, there are not clear-cut lines of demareation between these
¢lasses, nor do they in any way help to associate chemical compuosition
with physiological action so that httle seems to be gained by efforts to
vlassify toxie compounds along these lines,

Qur conclusion, then, as regards the chemical classification of toxie
compounds is that at present only very sketchy approximations can be
made. Moreover, among compounds of military importance there are
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=0 many exceptions to any general chemical classification that the whole
subject abounds.in technical difficulties, Fortunately, however, chemi-
cal classifieation is not of any great importance in ¢hemical warfare, other
than as an aid to research. Perhaps the most important peint to be
emphasized here is the fact that many of the most formidable toxic agents
known today belong to two well-defined families of pompounds—the
cyanides and the organie arsenicals—and it is from these fields that
muost of the future chemical agents seem likely to be drawn,

PHYSICAL CLASSIFICATION

The physical classification is very simple and is based upon physical
state or form of the substance wnder ordinary conditions, i.e., tempera-
ture 68°F. (20°C.) and atmospheric pressure (760 mm. Hg). Thus, an
agent i= a true gas, if its boiling point 15 below ordinary atmospheric tem-
perature, as is the case with chlorine (b.p. — 28°F.). This classification
as a true gus is not to be confused with the broad generic term gas, used to
refer generally to toxic chemical agents, but means that the substance is
in & gaceous state under ordinary temperatures and pressures,

CLASSIFICATION OF CHEMICAL AGEKTS ACCOMDING TU PHYSBICAL STaTk

il i Melt-
Boiling i ﬁ: i ing
Ganea polnt, Liguida | it Ralide pednt.
-F' I ] 1 HF
K2 K
f - _
o | — [ i
Cwrbon monoxide, . : —~310 | Brombenzyl cyanide.... ... +77* | Dichlorethy] sulfide... .. ... + 57
i “hlor e .. = 28.3} Hydrocysnic aeid. . . ... .. .| 78.7| Brombennyl eyanide.......| 77
g e 4 46.74 Aerolein. .. _.............| 126.3 Digheoyleyunaraine. .. o] i
Hydrorymnie seid. . _. 4 TH. T Monochl armeth}rlnhlnrnn ! W hite pllmplmrun. pe-an o 11l
| OrmaTE. (oo venrnenrns 2389 Diphenylchiorarsine. . .. 113
- Chlorpierin .. . 281.5 Ethylearbueod, .......... . 1M
 Chloraeetone. ..o 00 v s | 46,2 Diphenyleminechlorareine. .. 3E7
ITrirhinrmrlhylfhinrn-: N
formate, - ..o cer e .. 20 'E-
P Methyisulfuryl chlonde. . .| 200,86
Rrommethylethy] ketone.. .| 371.4)
Bromaretone .. .......... 275
Perchilormethylmereaptan., .1 3002
Etbhyidiebloraraine. .. .... ., 312 85
Erhylbromacetate. ... ..... 31825
Dimserhyl sullate. ... ooen, 370 .4
Lewialte. ... cvvinnimnns ard
Beoxyl bromide. . ......... 383 .
Fhenylearbylamine chloride | 408 .4
b Xyl bromide. ... ... ..., 420, 8
! Dichlorethyd sulfide. . ..... 57™
! Phenyldichlorarsine. . .. ... 484 .7
[

* Melting paint.
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An agent is a lgued if its melting point i~ below ordinary tempera-
tures and ite boiling point iz sabove such temperatures, e, when the
112
range of atmospheric temperatures lie between the melting and boiling

points of an agent, e.g., chlorpierin (m.p. — 92.4°F., b.p. 235.4°F.).
Similarly, an agent is a solid when its melting point is above ordinary
atmospheric temperatures, e.g., white phosphorus (m.p. 111°F.).
The tabulation on page 111 shows the principal World War chemical
agents classified according to physical state,

PHYSIOLOGICAL CLASSIFICATIORN

This classification arranges chemical agenfs according to the effects
they produce upon the living body. Both during and since the late war,
the physiological classification systems of the principal countries has
differed considerably; in order to compuare these systems, we shall
review briefly the salient points of each.

American Classification (World War) —In
this system, the toxie substaneces are classified according to the predominant
effects which they exert, with the understanding, however, that the action
of any substance is not limited to a single tissue or group of tissues.
Thus, a substance, the vapor of which causes injury to the respiratory
passages, may, when applied to the skin, cause blistering.  If the sole or
chief nsefulness of a substance in warfare depends upon its effect on the
respiratory tract, it is classed as a respirefory irvitant. I its power to
produce casualties is due to its action on the skin, it is classed as a skin
irritant.  If both actions are useful, it is placed in both groups.

1. Respiralory Irritants—By far the greatest number of substances
thus far used injure the respiratory apparatus. Three groups may be
differentinted:

a. Those which exert their chiel effects on the delicate membranes in
the lungs through which oxygen passes from the air into the blood. The
main result of this injury is to cause fluid to pass from the blood inte the
minute air sacs and thus to obstruet the oxygen supplied to the blood.
Death from one of these substances muy he compared to death by
drowning, the water in which the victim drowns being drawn into his
lungs from his own blood vessels, e.g., phosgene, chlorine, chlorpierin,
Jiphosgene.

b. Substances which injure the membranes which line the air pussages.
During normal life these membranex insure protection to the lungs against
mechanical injury by particles which may be taken in with the air and
against bacterial infection. As a result of the action of substances of this
group, their protective power is lost. Portions of the membrane may
become gwollen and detached and may plug up the smauller passages lead-
ing to the lung tissue, or the damaged tissue may become the seat of
bacterial infection, thus setting up bronchitiz and pneumonia, eg.,
mustard gas, ethyldichlorarsine.
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¢. Substances which affect chiefly the upper air passages, t.e., the
nose and throat. These substances cause intense pain and discomfort,
but are not dangerous to life. They canse sneezing, painful smarting of
the nose and throat, intense headache, a feeling of severe constriction of
the chest, and vomiting. For varying periods after exposure, they may
canse general muscular weakness and dizziness, loss of sensation in parix
nf the body or any transitory unconsciousness, e.g., diphenylehlorarsine,
diphenyleyanarsine,

2. Tear Producers (Lacrimators).—Certain substanceshave a powerful
cffect upon the eyes, causing copious flowing of tears, followed by red-
dening and swelling of the eyes, producing thereby effective temporary
blindness. These effects are often produced by extremely minute quan-
tities of tear-producing substances. Large quantities of the same sub-
stances usually aet as lung irritants as well, e.g., brombenzyl cyanide,
bromacetone, ethyliodoacetate, chlorpicrin,

3. Skin Blisterers (Vesicants).—Certain substances have a powerful
irritating effect upon the skin, very much like that produced by poison
ivy. The same effect is produced upon all the surfaces of the body
with which the substance may come in contact, such as the eyes and the
lreathing passages. Accordingly, a substance producing skin blistering
will, if inhaled, also act as a powerful irritant of the air passages, ¢.g.,
mustard gas,
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American Classification (Postwar).—Agents are classified physio-
logically according to their most pronounced effect. The following are
the terms usually employedz

1. Lung Irritants.*—Agents which, when breathed, cause inflammation and injury
to the interior cavity of the hronchinl tuhes and the lungs. e.g., phosgene, diphosgene,
rhinrpierin,

2. Irritants (Siernutators).—Those substances which produce violent eneezing and
roughing followed hy temporary physical disability, Sternutators are usually in the
tormi of irritant emokes and the two are regnrded ns Eynonymous, £.g., diphenvichlorar-
=ine, diphenylaminechlorarsine, di phenylevanarsine.

3. Lacrimators.—Agents which cause n copious flow of teurs and intense, though
IMpOrary, exve pains, e.g., hromacetone, brombenzyv! evanide, chioraretophenone.

+. Vesicants.—Agents which, when absorbed or dizsolved in any part of the humaxn
by, produce inflammation and burns with destruction of tissues,

* The nuthor has substituted the term lung snjuranis for thiz class of gases to
Tistingnisl them from the nose nand throat irrtants (sternutators).

British Classification (World War).—During the early part of the war,
the British employed four classes, as follows:

I. Guses of perivunent effect, roughly correspanding to our cluss of vesivants, e.g.,
hehlorethy] sulfide.
4. Gases of temporary effect, roughly corresponding to our clsss of lung injurants,
“A.. phimgene,
114

3. Gases having a’' nonfatal effect, curresponding to our irritants, e.g., ethyl-
lioncetate,

4. Gnses having & fatal effect, corresponding to our class of wywtemic pPoOiBONH, e.g.,
hydrocyanic scid gas.

Later on in the war, the British reduced their physiological classifica-
lion to only two classes:

1. Lacrimatory agents (ethvliodoacetate),
2. Lethal agents {phosgene, chlorpicrin, mustard gus],

British Classification {(Postwar).-—S8ince the war, the British have
adopted the following classifieation:

Vesicants, e.g., mustard gas and lewisite.

Lung irritants, e.g., phosgene, chlorine, ehlorpicrin,

Senmory irritants, e.g. diphenylchlorarsine, diphenylevanarsine,

Lucrimators, e.g., brombenzy] evanide, xyvivl bromide, ete.

Diveet poisons of the nervous syetenm, or paralvsants, e.g., hydroevanic aeid gus,
Gases which interfere with the respiratory function of the blood, e.g., curbon
monoxide.

el

- AN

“Broadly speaking, the gases in groups (b) and (e) may be regarded
ax lethal agents, and those in groups (c) and (d) as irritants, capable of
putting a man out of action immediately, though only temporarily;
whilat those of group (a), though intensely poisonous, have, when s
against troops who are well dizciplined in defence againat gas, a casualty-
producing power enormously in excess of their killing power"’,

French Classification (World War).—The French claszifieation
recognized seven classes ax follows:

1. Highly 1oxie gnses, e.g., hydrocvanic seid,

2. Buffoeating or asphvxiating gases, ¢.0., rehlarine, phoagene, diphoagent,
l"hh‘.l!"pi{"l'in.

3. Lacrimators, e.g., chloracetone, serolein.

4. Vesicants, r.g., mustinrd gnx, dimethyl sulfate.

5. 8ternutators, e.g., diphenylelilorsreine, diphenylevanarsine.

6. Labyrinthie, which affect the ear, e.g., dichlrmethyl ether.

7. Carbon monoxide,

French Classification (Postwar).—Since the war, the French have
simplified their physiological classification to the following:

L. Irritant toxies comprising:
a. Lacrimators, e,g., benzv] bromide und xxly] bromide.
i Respiratory irritants or sternutators, .g., diphenylchlorarsine, diphenyl-
CVALATHINnE,
2. Caustic toxics comprising:
a. Lung caustics or suffocants, ¢.g., chiorine and phoagene,
b. 8kin esusties or vesicants, e.g., mustard gas, lewisite,
3. Genersl toxics, eg., hvdroevanic acid Ivpe, rcomprising no actual welk
dliferentinted suhdivisions.
115

German Classification (World War).—The early German classifies-
tion distinguished three classes as follows:

I. Irritant gasea (Reizstoffe) which eauss only temporary injuries, comprising:
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a. Lacrimators, e.g., T-Btoff,
b. Jrrilanis, e.g., B-Btoff, Bn-Stoff, D-Stoff.
2. Combat gases (Kampfstoff) which cause more permanent injuries, v.g., C-Stoff
and K-Stoff.
3. Toxic gases (Gifteloff) which cause death or serious incapucitation, e.g., hvdre-
evanic acid, diphosgene, chlorpicrin,

Later on in the war the middle-class (2) gases gradually dropped out
and the Germans came to recognize only two great classes: (1) the
nunfatal irritants, and (2) the fatal toxic gases.

German Classification (Postwar).—Since the war the Germans have
adopted the following classification :

1. Lacrimators (trduenerregende Kampfsloffe), e.g., hromacetone, xylyl bromide,
hrombenzy] exyanide, ehloracetophenone,

2. Sternutators (niesenerregende Kampfatoffe), e.g., diphenylehlorarsine, diphenyl-
CVAnATSine, .

3. Lung irritants (lungenreizende Kampfaiaffe), e.g., chlorine, phosgene, diphosgene,
clilorpicrin, lewisite B,

i Vesicants (blasenzichende Kempfstoffe), e.g., chlorovinyidichlorarsine, dichlor-
ethivl sulfide,

5 Nerve poisone (Nervengifte), e.g., hvdroeyanie acid,

On comparing the several World War physiological classifications
with those of the postwar period, we find that there was much greater
divergence among the various systems during the war than since then.

Thus it is noted that the German World War classification differed
i principle from those of the Allies, the German classification being based
solely upon the degree of physiological effect, while all the Allies’ systems
were based upon the nature of the effect.

Since the war there has been a gradual rapprochement of viewpoint
it the matter of physiological classification so that now we find the
principal nations in substantial agreement upon the following phiysio-
lugical ¢lassification of chemieal agents:

1. Lung injurants—compounds which attack the pulrmonary puassages
and lungs and generally prove fatal in a few hours if the gas Is present
in the usual field concentration.

2. Irritants (often called sternufators)—compounds which produree
Atrong local irritation of the nose and throat, eausing violent sneezing
and coughing. ‘This irritation often extends to the stomach through the
swallowing of saliva containing the irritant substance and ecausex severe
beadacle, nausea, and vomiting. Exposure to strong concentrations of
mitant compounds generally raaililﬁﬂ in marked physical debility. Huow-

ever, these effects are only temporary and are limited to the period of
exposure and a few hours thereafter.

3. Lacrimators—compounds which act almost exclusively upon ‘the
eyes, producing a copious flow of tears end rendering vision impossible
during the period of exposure and for from half an hour to an heur
thereafter. Lacrimatory gases seldom have any other physiological
effects in the concentrations employed in the field.

4. Vesicants—compounds which attack all body surfaces with which
they came in contact (both internal and external), producing blisters und
a general destruction of tissue similar to burns from fire. In addition
to this surface action, most of the vesicants were also toxic if inhaled into
the lungs in the form of vapor. Because of their multiple effects upon the
body, the vesicants were by long odds the most prolific casualty producers
of any military agents used in the late war.

5. Systemic potsons—compounds which usually attack the blood (as
carbon monoxide) or the nerve centers (as hydrocyanic acid) and produce
almost instant death by arresting the vital processes of the body at their
motor centers. These agents are the most virulent poisons with respect
to the quantity required to produce death but they are not the most
fatal gases on the battlefield owing to their extreme volatility, light
vapor density, and other peculiar properties which detract from their
effectiveness in the field.

In addition to the above classes of gases, there are also the smoke
and incendiary agents but, as they produce only slight or incidental
physiological effects, they are usually omitted from the physiological
classifications.

CLASSIFICATION ACCORDING TO PERGIETERCY
As the persistency of an agent in the field measyres the length of
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time ite effective concentration can be maintained and hence the durs-
tion of its action in battle, the classification of chemical agents aceord-
ing to persistency of great practical impaortance.

For the purpose of comparison, we shall note briefly the practice of the
princvipal nations with regard to this classification during nnd sinee the
World War.

American Classification (World War).—The classification shown in
the table on page 117 was employed by the American Army during the
War:

American Classification (Postwar).—Since the World War, the
American classification has been reduced to two classes by the elimina-
tion of the intermediate (moderately persistent) class, so that now
agents which persist for more than 10 minutes in the open field are
classed ax persistent, while agents which persist less than 10 minutes are

117
classsed as nonmpersisten!. In accordance with this scheme, only the

following important chemical agents are nonpersistent: Cl, CG, HCN,
CN, DM, DA, DC, WP, FM. All other agents are persistent.

AMERICAY WonrLp War CrLasstricaTioN AccorRpiNG To PERsISTENCY

Persistency
Clinses Agents In In Remarks
open | woods
. Neonpersistent....| ¥N [10min.| 3 hr. | These goses are very volatile,
Cl vaporizing entirely at the moment
CG of explosion. They form a cloud,
CNL capable of giving deadly effects,
DA but which loses, more or less
DC rapidly, its effectiveness by dilu-
tion and dispersion into the
atmosphere.

1. Moderately per-| NC 3hr. | 12 hr. | These gases, having moderately
sistent, PS5 high boiling points, are only par-
PG tially vaporized at the moment of
PCC explosion. The cloud formed
DG upon explosion is generally not
deadly, but it immediately gives
penetrutive lacrimatory or irm-
tant effects. The majonty of
the gas contents of the shell ix
pulverized and projected in the
form of a spray of fog, which
slowly settles on the ground and
continues to give off vapors that
prolong the action of the initial

cloud.
I Thehly persi=tent,| HS 3davs | T dﬂ}'E-IT]'lDFE gases, having a very high
CaA boiling point, are hut little vapor-
BA ized at the moment of explosion.
A small pertion of the contents of
the shell is atomized and gives
immediate effcet, but by far the
greater part = projected on the
ground in the form of droplets
which slowly vaporize and con-
tinue the action of the initial

cloud.

ther Classifications.—The British, French, and Germans, neither

during wor since the war, adopted any sharply defined classification of
118

chemical agents in accordance with persistency. On the contrary, all
three, while recognizing generally the two main classes—nonpersistent
and persistent—failed to specify any definite time umts to distinguish
Hiese ¢lasses,

Thus, from the Britich point of view,

Cgases wre genernlly divided into two inain categories:

Nonpersistent.
Persisient.

Nonpersistent substances when lilwrated are rpidly converted into gas or smoke;

205

CHEMICALS IN WAR

vlouds of gos ko produced continie to be effective until dissipated by the wind
the aun.

Persintent substances used in gns warfare are generally liguids, which contaminate
the area on which they wre relessed und continue to give off vapor for a considerable
period.  Muostard gas and most tear gases are typical exnmples.  Whilst evaporation
is going on the innmediate neighhorhood to leeward of the contamination is dangerous.
In the case of gases such a3 mustard gas, which attack the skin, setusl contact with
vontainated groumd or objeets must be nvoided 'y

The French view of this subject i8 clearly expressed by Hederer and
Istin a= follows:

The military emplovment of the chemical arm leads to the distinetion, on the basis
of total particulsr toxic effect, between two categories of aggressive substances; the
volatile substanees and the persistent substances. The volatile substunces are either
gnxes, *uch as chlorine, or liguids of low boiling point and high vapor pressure, such
as phosgene and hydrocvanie acid, which boil, respectively, at 46°F. and 79°F., or
wolids dispersed ns ultramicroscopic particles, such as the chloride or eyanide of
diphenylarsine.

The first constitite the greeous “clouds™ and the secomd smokes whirh diffuse
sl rapidly vawsh in open country,

The persistent substanees sre, on the contrary, liquids of high boiling point and
low vapor pressure, sneh os chlorpierin and wustard gas, which hoil, respeetively, at
224°F. awl 423°F,  Their clowds condense upon the soil in the form of minute ligned
droplets and evaporate slowly.  These substanees are generally endowed with great
stabitity. They do not oxvdize readily in contact with air nnd they hvdrolyze only
with ditheulty,

A= 10 Germon practiee, Hanslian SAVHS

v persistenee we anderstinml the period of time during which & comhat suh-
stnee remaing on {he spot where it was liberuted for tectionl purposes, and exers»
its efferts there,  This persistence is dependent first of all upon the volatility of the
substanec in question: it is greater the lower the volatlity, and viee verss,

||||||

s property which msinly determines whether or not u chemieal agent is smtable for
usis o the offensivie. Rinee atiacking troops must traverse the ground between their
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own position and that of the enemy, and, if their attack 12 successful, they must
orcupy the enemy's position, it is manifest that chemieal agents employed in support
nf the attack must be of very low persistency 80 a4 to leave the terrain treated with
wuch agenta safe for occupancy by the attacking troops when they reach the enemy
lines. Under normal battle conditions, it has been found that gases which persist
for more than ten minutes after releage upon open ground are dangerous to attacking
troops when they traverse or oceupy such trented arcas aml henee only nonpersistent
gised are suitable for offensive operations, exvept when the attuek is mimlde vn such o
hroad front that certain strong defensive areas can be nveided in the nttack, in which
rie suich areas may be trented with persistent gasdes.

For general harmssing and for defensive operations, where the ground rreated with
chemieal agents is not to by occupied by friendly troops, pendstent agents wee o
effective pml are genernlly enploved for these purposes.

For wse of troops in the field, no military elasdification of ehemienl sgents can
ignore persistency and the more elear et and definite the ciasafiention aciording to
persistency, the more useful it s

He then gives s tabulation of the persistencies of several of the more
import:nt chemical agents, ealeulated according to the Leitner formula
(see page 21) and arranged in inverse order of persistence, but no segre-
gation into clusses according to persistency ix made,

CLASSIFICATION ACCORDING TO DEGREE OF ACTION

By degree of action is meant the seriousness of the casuulties inflicted
by chemieal pgents and, as chemiecal agents vary all the way from simple
lacrimation to almost instant death, there is a wide range in their degree
of action.

From the viewpoint of military operation= in the field, chemieal agents
are generally divided into three elassex:

1. Light-casualty agents which produce simple lacrimation or tem-
porary irritation of some part of the body, ax the nose and throst, «.q.,
aternutators.

9 Moderate-casualty agents which incapaeitate for u period of from
a few days to several weeks, but seldom ecause permanent injuries or
death, e.g., the vesicant agents (mustard gas).

3. Serious-casualty ugents which cause prolonged or permanent
casualties and a high percentage of deaths, e.g., lung injurants such as
phosgene,
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Closely associated with, and really forming a logical part of, the ruemy, the most logical miligary classification is as follows:
classification aecording to degree of action, iz the further eonsideration
a8 to the speed of action of chemical agents, i.e., whether they produce
immediate or delayed effects, In general, agenta of the light-casualty

MirrTany CrassiFicaTion oF CoMeaT (Tasps

L Norjpersistend agenta
A, Lung injuranis

class (1) and serious-casualty class (3) produce immediate effects, Chlorine. . ................... (Cly}
whereas those of the moderate-casualty class (2) produce delayed effects, Methylsulfuryl chloride........ (CI80,CH,)
but this rule is variable and there are notable exceptions both wa Ethylsuliuryl ehloride.......... (C180,C,H.)
‘ © = P ¥ Chlormethylchloroformate. . ... (CICOOCHC)
Phosgene. ....... .....cc.0u.. . {COCls)
E L. Simol Dimethyl sulfate............. - (CH;)e80,)
B r SHRRE- e Perchlormethylmercaptan...... (8CCL,)
§ Trichlormethylehloroformate. .. (CICOOCCI,)
= 3 Chlorpierin. .................. (NO.CClL)
4 - Phenylearbylamine chloride, ... (CH.CNCly)
i ; Dichlormiethy] ether. .. ... ., .. ((CHC11:0)
§ hﬁ | Dibrommethy) ether. ... ..., .. ({CHBr):0)
e = Phenyldichlorarsine. ,....... ... (CeH AsCls)
+ B 3 2 Toxie.. ... ......, _iEth}'iflic-hIﬂmrﬂ-ine ............. (CyH:A=Cly)
2 E _E Phenvidibromarsine. . .. .. .. ... (CeHaAsBra)
3 g k= B, ﬁ'mlrafrm'ﬂr_r; irrifands (slernutators)
E = f ‘Diphenvichloramine. . ... ..., .. {CaH ) A=CH
' £ 2 . 1[}:' henylevanarine. . ....... .. (CeH )3 A8CN
A% & I Simple, P .
B i Ethylearbazol. ... ............ ((CH ) sNC,H,)
".:"EE - Diphenylaminichlorarsine. . ..., (NH(GH,);A=Cli
o E E Phenyldichlvrarsine®. . ... ... ... (C.HAsCl,!
E’_EE Yy B 2 Toxie.... ........ 3Elh}‘|di¢ll]ﬂl’ﬂl‘ﬂillﬂ'.., e, (CaHARCl,)
éﬂg g = Ethyldibromarsine®,.......... (CeHsAsBrs)
= * Primarily 1uxin lung injuranta.
e : 122
22| < Hydroeyanic acid, .. ... (HCN)
g g ] C. Systemic lozics Cyanogen bromide., . ......,,,. (CNBr)
3|3 E g = *§ Cranogen chloride. ... ....... .. (CNCl)
= Fhenxlearbylamine chloride®. .. (CH,HCCl,)
-+ ? c *E I, Persislent agents
E 2 4 A. Dwmmedinte effect
g B § 2 Ethylhromacetate .. ... ... (CH,BrCOOC,H,)
o e £ Xvlylbromide .......... . ... (CH,C;H,CH,Br)
g% E E Hengyl bromide. ... .. .. . (CuH,CH,Br)
o 2 o T 1. Pure lverimmiors, . {Ethvliodooeetate. .. ... {(CH.ICOOC.H,)
Z 3 _E ] Benzvliodide. .. .. .. ..... . . (CeH CH.I)
4 N -, |5 . o E Brombenzyl evanide, ... ... . (GH.CHRrCN)
T |, |E |2 5§ |55/58 3&3 s Chiloracetophenone. ... ... . {C;H;COCH,CI)
2|5 (3222 »Zx| 23 P-E 2B 3 ¢ Chloracctone. . . . .. ceiei.... (CH,COCH,CY)
' "..-3%: Pl &3 E—.-_-,' E_E =Ll £ ga ‘-; -g Bromieetone. . .., ... ... ., {CH.COCH Rr)
; ‘Ea ;E'E 'E'E fé ba §: §-§ -"-‘-g b .E lodoweetone. ..., ..., ... . (CH/COCH.I
& | L5 cf| B | BS gi& £la k EEl E a 2. Toxie lserimotors,  {Acrolein.............. ... ... (CH:CHCHO:
=2 = -E T \E‘" B | < ? i Brommethylethy] ketone, . ... . (CHyCOCHBrCH,
= | = Chlorpicrint..... ... ........ (CCLNO,
Eloel=s1a alwlaluolal=z Phenylearhylamine chloridet. .. (CH,CHCL,)
E | © ZElwlzz |zl ]| w|r B. Deluyed effect
L - I. Pure vesicants. .. Dimethy] sulfatet. .. .. ((CH,)$50,)
% _g £ ca { Methyldichlorarsine . .. ... . . (CH;AsCly)
. c 5 & E- £ _EE r.'zh Dichlorethyl sulfide. ... ... . . (8(CH,Cl)y)
Sle |22 212 |52 35| . ai 2. Toxic vesicants Phenyldichlorarsinet. ..., ., .. (CeH;AsCly)
o ¥ [ = S - o :E:E 5| E y ' ' 7 |Phenyldibromarsinet. . ... ... (CeH:sAsBro}
CIF(s 3135|238 5] - Ethyldichlorarsinet. ... . ... (CH,AsCly)
£ (2|5 |s|f|=|2 |38 £ Chlorvinyldichlorarsine. ... . | (CICHCHAsCl,)
* Primarily loxie lung injuraots,
121 T Primarily lung injuruanis,
TACTICAL CLASSIFICATION While the above classification i= a logical and useful arrangeiment
This classification is according to tactical use and logically embraces to combat gases in accordance with properties of primary importance to
the following classes (see Table ITI): tfraop= an the field, it is more fortuitous than rigid in its application,
|. Casusity ngents, which include: Thus, while all vesicant gases heretofore in use have heen persistent and
a. Lung injurants, have had delayed effects on men and animals, it does not fullow that all

h, Vesicants,
e. White phosphorus.
2. Harassing agents, which inelude:

future vesicants will necessarily have these properties, for there i no
known connection between vesication and persistency, or between

o Lacsimatons vesieation and delaved effects.  On the contrary, it i~ entirely possihle
b. Trritants (sternutators and irritant smokes). tlmt.u nohpersistent ‘.'E'.Elit'utli, or one thflt is immediately effective, will

4. Sereening agents (obscuring smokes). be discovered, There ix an urgent tactical demand for suel u type of
4, Incendiary agenis, gas and there i= no reason why it cannot be found. Simtlurly, there is
MILITARY CLASSIFICATION no inherent reason why lung-injurant or respiratory-irritant guses shiould

be nonpersistent und it is readily conceivable that persistent guses of
these two eclasses muy exist.

Accordingly, ull we can say for the military clussification indieated

From the six classifications described above may be worked out a
“ingle mixed classification which is useful in military operations. This

mixed or mdlitary classification groups ull chemiral agents mnto categories nbove is that it accords with the known fucts today and is a logicsl aml

most useful to th_E using troops. _ useful arrangement, I and when exeeptions to this elassification APPEAr,
As the two things which are of paramount iImportance to commanders 124

m the field are (1) persistency and (2) nature of efieets produced upon the as 18 not at all unlikely, we shall then have to amend our arrangement
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and formulate a new classification in aceordance with the new farcts.

MARKING SYSTEMS

In order to indicate to troops in the field essential information con-
cerning the type and character of the fillings contained in chemiecal
projectiles, each nation adopted a special system of marking such pro-
joetiles. As the basic theory of the several marking systemw used in the
war was quite different, the principal features of each will be noted berv.

German System.—We have said that the German World War clarsi-
firation of combat gases differed in principle from the classifieations of
the Allies, in that the German system was based primarly upon tha
degrec of effect exerted by the gas, whereas the Allies’ systems were
predicated upon the nature of the effect, t.e. whether [ung injurant or
vesicant, ete. Based upon the fundamental idea of degree of effect, the
German system grouped all gases into four major classes, with dis-
tinguizhing marks, as follows:

Class i Phyeiclogical action Murking
i, Hurmless gnses. . . . .. | Lacrimators {4 ugenreir=- | White Cross
sinffl) { Wewsskreuzkam pfatoffe)
T-Stoff............._. . Xvlvl bromide
BSreff.............. . .| Bromacetone
Bn-Stoff. .. ... ... .| Brommethylethyl ketone.
2. Blightly harmiul gases . A Trritants (Retzataffe Blue Cross
{ Blaukreuzkampfeiafie)
Clark I..... ...... | Diphenvlelloramine |
Clark II...... . .| Diphenvyievanamsine L
Dick........ -1 Ethvidichlorarsine

Vestednts {le*ruiﬁ'u-mhl Yoellow Cross
Koampleiaffe) Wielhkreazkam pfstoffe)

...... Dichlorethy] sulfice

4 Dimethyl sulfate

Dichlormerhyl ether

4. Moderately harminl gases .,

Lassst . ... ... ..
11-Stoff

Lung mjunints (Jumgen- , Grreeeg O rome
retzende Kampfeioffe) «  (Grinfreuzkampf«ioffe

Chlor. ... .. ......... ... Chiorinn

Phosgen (DStoff)......... Carhonyl chloride

Prraoff (diphosgene). .. .. Trichlormethyvlehlore-
formate i

Klop {ehlorpicrin}. ... ... ..| Nitrochloroform |

KBwoff...................| Monochlormethylchloro-
formnte :

All projectiles containing gases helonging to any one of the above
groups= were marked with a mnwl?}““lm eolored eross, as indicated.
To identify further particular gases within a group, additional marks were
used. Thus, if a shell contained diphosgene, it was marked with a green
cross: if it contained diphosgene mixed with chlorpicrin, it was marked
with a green cross and the figure 1; if it contained phosgene, diphosgene,
and diphenylchlorarsine, it was marked with a green cross and the
figure 2. Similarly, diphenylchlorarsine was marked with a blue cross
and the figure 1, while diphenyleyanarsine was marked with a blue
cross and the figure 2. Also ethyldichlorarsine was distinguished from
mustard gas (yellow cross) by adding the figure 1 to denote the furmer
filling.

The earlier type shell containing lacrimators and simple irritamix
were marked with large white letters thus, “B" for B-Stoff, “C" for
C-Stoff, and “D" for D-Stoff, etc. There was no uniform bedy rolor to
denote gas shell as a whole; the earlier types of gas shell were painted
gray, whereas the later types were painted blue with a yellow ogive.
Smoke shell were painted gray with a black letter UN™M (Nebel, fog) to
distinguish them from gas shell,

Incendiary shell were painted red all over with the word ' Brand-Gr"
an the side in black letters to distinguish from certain types of HE shell
which were alzo painted red.

The principal defects in the German marking system were: (1) the
lack of & distinetive uniform body color to distinguish chemical shell
from other types; and (2) the absence of means for indicating the relative
persistency of the various chemical fillings, which is of great importance
to tactical operations in the field. This second defect was somewhat
mitigated Ly the ecircumstances that, as a whole, the Green and Blue
Cross shell were nonpersistent, while the Yellow Cross were persistent.
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But this was more fortuitous than deliberate, and the lines of demarca-
tion were not elear cut.  Shell containing ethyldichlorarsine were at first
marked as Yellow Cross 1, but were later changed to Green Cross 3,
when it was found that this gus was sufficiently nonpersistent to be used
o the affensive,

French System.—French chemival shell were distinguished from
other types by a hody color of dark green, and the incendiary shell were
distinguished from the gus =hell by a red ogive. There were nu' Frenel
~moke shell, distinguizhed as such. Certain gas shell had a sufficient
amount of smoke-producing material to make a visible cloud on burst,
but they were regarded as gas shell,

Chemical fillings, regardless of whether they were gas, gas with smoke,
or incendiary, were denoted by certain code numbers, sometimes TIREHHE
bination with culored bands or stripes on the shell.  The code numbers
were purely arbitrary and were not arranged in any way to indivate
persistency or even the type of chemical filling. On the contrary, the
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numbers seem to have been chronologically assigned to each filling as i
was adopted.

The following table gives the principal French chemical shell with
their markings:

Rhell Charge Markingsx

75 mm. incendinry. ... ... Carbon  disulfide; white | Green ogive, red body, No. 2
phosphorus; evlinder of in- | on top of ogive and also on
cendizry in celluloid bottom

75 mm. incendiary....... White phosphorus; neutral | Green ogive, red body, No. 3
liquid on top and bottem

TSMmM. gRs . . ........... Vincennite quarternaire Green, 2 white rings, No. 4
(V4) on top and hotlom

TEmm.gas...._........ Vitrite; manganite; marsite | White Bands, “4B" on

ogive, base and shell case
Green, 1 white ring, No, &
on top and bottom
Green, 1 orange-vellow ning.
! No. T on top and hottom
Green, 1 orange-vellow nng,
No. ® on 1iop and bottom
| 2 orange-vellow bands, * 20"
i 1 orange=-yellow band, 21"
. .| Collongite, 24: opacite, 13 iGrPl:':n bodwv, 1 white nng,
I No. bon top ogive

75 mm. gas and mmoke. . .| Collongite, 24; opacite, 14

75 mm. gas aud smoke. . | Aquinite, 35; opacite, 1§

+ 75 min, gas and smoke. . .| Martonite; opacite

THIm. gRE. ... e Yperite with solvent
THOMM. EAB. ............ Camite, 13; aquinite, 100
1556 mm. gas and smoke.

165 mon. gas. .. .. . .| Agquinite, 3 opaecite, 13 l Green hody, 1 white ring.
No. 7 on top of the ogive
I85on. gas, ............ Ypente with solvent 2 orange-vellow bands, " 20"

on 1op of ogive

1 orange-vellow band, 21"
on top of the ogive
Carbon disulfide and tar; | Green hody, red hend, snd
phosphorus 1; kilogram | black ring

evlinder  of  incendiary |

matter |

Xuud (steel}, . . .| Carbon disulfide and tar; Green body, red head, nnd
white phosphorus; evlinder  liack ring

of incendiary

155 mm. FA gas. ... .. .| Camite, 13; aquinite, 100

15 mm.
Naundd.

F.A. incendiary,

155 mwam,

The French system of marking, being purely arbitrary, had little to
recommend it, The information denoted by the code numbers applied
only to the filling and, unless troop commanders were very familiar with
t_|llf‘ properties of these fillings (which was seldom the case), they had
little or no guidance in the use of chemieal shell in the field. Moreover,
the numbers painted on the shell frequently became more or less obliter-
ated, and when they were illegible, the different kinds of gas shell fre-
quently could not be distinguished.
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British System.—The three classes of British chemical shell were dis-

tinguished from each other and from all other types of shell by distinetive
body colors, as follows: gas shell were painted gray; smoke shell, light
green; and incendiary shell, red. In addition, for gas shell, the kind of
gas filling was indicated by a system of colored stripes encircling the body
of the shell as follows:

Filling Muarking bands
SK (ethyliodoncetate). . . ..o No bands
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hih . . S o e e v ... No bandw, letters HVY
Ps [_rhieurpuml : e 1 white
Pﬁtﬂ]p&rwﬂ“hhlﬂmrml ceviie wvee o 2 white
NC (80 poer rcent chlomicnn; 20 per cont

stannic ehloride. S - v e o Y white, 1 red, 1 white
VN (vineennites. .00 0. 1 white, I red
CG (phosgener . | red, 1 white, 1 red
CBR... ... . e e . dred
BB (mustnrd gasr S B !

The smoke shell were al=o distinguished by having a red ring painted
around the ogive, close to the nose of the shell, and the letters “PHOS"
stenciled in black on the side of the shwell to denote phosphorus filling.

The incendiary shell were without distinguishing marks, except all
over red color,

From the furegoing, it is apparent that the British system wa~x an
mprovement of the French, in that each elass of chemical shell was dis-
tinguished froni all other types and the kind of filling was indicated by
bands that were more readily identified than the French code numbers.
However, the British <ystem also failed to denote the persistency of the
gas fillings as a guide to use in the field; in this reapeet it was open to the
same objeetions as the French system.

American System (World War).—1In the war, American chemical
shell were distinguished from all other types hy a gray body color and
black letters reading “Specisl Gax,” “Special 8maoke,” or *Special
Ineendiary.”  The three elasses of chemieal shell were further distin-
giixhed by distinetive rolor stripes eneireling the body of the =hell, as
follows: gas sholl—white and /or red stripes: smoke shell—vellow stripes:
meendinry =hell—purple stripe,

Amiong gus shell, those fillod with nonpersistent gnses were distin-
grixhed by white stripes; those with persistent fillings hy red stripes; and
those with semipersistent fillings with combination white and red stripes.
Furtbermore, within each group of gases the number of stripes denoted
the relutive persistency.  Thut is, the least persistent gas of the non-
persistent group was denoted by one white stripe, the next Jeast per-
sistent gas by two white :-'-tri]wﬁ,ll-;E. Stmilarly, among the persistent
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group, the least persistent gas was denoted by one red stripe, the next
leust persistent by two red stripes, ete,

The following tabulation shows the chemical fillings used in the war
and the markings employed to denote them:

Filling Marking stripes

Naonpersisient Gases
DA (diphenyichloramine). ... . . ... ... . 1 white
CG (phosgene) ... .... ... . ... . 2 white
PD{CGand DA). . . . ... ... . ..... 3 white

.\ml';lrliﬂfﬂ Ganes
PS (rhlorpiering . coo- b ored, 1 white
NC (chlorpicrin nnd li'l.l'll.'l.l'l‘ Ehlil.ll"-lll!} ...... *1 vellow, 1 red, 1 white
PGiPSand CGy . ... ... ..... ___ I white, } red, ! white

Frrdﬂmt‘ Gases
BA (bromscetone). ... ... ... ... .. ... I red
CA (brombenzy! evamde). . ... . .. ... .. 2red
HS (musiaed gas) © .. ... 3 red
Swmokes
WP (white plosphorust.. .. . ..o L | veliow
FM (titanivm tetrachloridel. . ..., . 2 vellow
I'neewdiary

Ineendiary maxrare . . Lo L. I purple

=annie chionde o & pmoke producer. hemee the pellos gtrigy to droste this Mt

From the foregoing, it will be seen that the American marking system
waus by far the most logical and informative scheme of identifying chem-
wal fillings of any of the marking systems used in the war. It not only
distinguished chemical shell fromi other types, and the three classes of
chemical fillings from each other, but it also identified each gas by a mark
which indicated to what persistency group the gas belonged and its rela-
tive persistency therein, The American system had the further advan-
tage that if a more effective gas of any group were substituted for a lexs
vfieetive gas, no change in the marking of the shell would be necessary,
Thi= suppose a more effeetive lacrimator were substituted for BA. T
i new gas were less persistent than CA the shell rontaining it would
continne to be marked with one red stripe.  If, Lowever, the new gus
were more persistent than CA, but less than HS, the new gua shell
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wonld be marked with two red Htri!ﬁ and the <hell thereafter filled with
CA wonld be marked with one red stripe to denote the faet that CA was
tow the heast persistent gax of the persistent group.

American System (Post War),—The only disadvantage of the Amer-
icun World War marking svstem was the number and variety of markingx
used o denote gas shell, but this was due to the large number of gaser
which had to be distinguished.  Since the war the effort has been to
e the number of standard chemieul fillings to the minimum.  To
this e, unly one chemica] filling of each type i# now approved as stand-
ared, f.a., one nonpersistent, one |H‘Il;ll%§tﬂllt gas, one irritant gas, one smoke
and one incendiory filling. When a new filling is developed to a point
where it is found to be more effeetive than any of the existing xtandard
types, it ix adopted as the standard for its type and the former standard
gas then horomes a substitute standard if it is desired to retain it for
pessible sithstitute use, or if not, it is deelared obsolete and dropped.

A comparison of the present classification and marking system with
the Amerienn Waorld War practice shows a marked simplification.  While
the system of stripes to denote type of chemical agent is retained, these
stripes no longor distinguish degree of persistency as between gases of
the same type.  This is not serious, however, so long as there is but one

gas ol any one type in use, as is now contemplated,
129
CHAPTER VI

LACRIMATORY AGENTS

The first toxic gases employed in the World War were the lacrimators,
i.¢., substances having a specific action on the eyes and producing s
vopious flow of tears and temporary blindness, In the concentrations
used in battle, neither the eyeball nor the optic nerve was injured and
only in riare cases (as when a soldier was so near a shell burst as to have
the liquid chemical splashed in his eyes) was any corneal injury experi-
enced. In fact, so transitory was the effect of these ecarly lacrimatory
gnses that no one, at the time of their introduction, appeared to regard
thein as foric gases coming within the prohibitions of the Hague Con-
ventions of 1899 and 1907. As a matter of fact, however, most of the
World War lucrimators were equally as toxic as many of the lethal gases
used.  For a comparison of the relative toxicities of the lacrimatory and
lethal gases see the tables on pages 14 and 16.

Perhaps the reason why no protest was made over the initial use of
lacrimatory gases was that, in the low concentrations ordinarily encoun-
tered in the open, temporary lacrimation was the only effect produced,
and no one regarded these substances as militarily effective. Howcver,
when these gases were employed against enclosed plaves, such as field
lortifications, deep trenches, dugouts, etc., where their vapors could
sccumulate, toxic concentrations could be built up and serious casualties
result. Since toxic coneentrations could thus be produced in battle,
it is clear that most of the World War lacrimators were in fact loric gases
and did come within the prohibitions of the Hague Conventions.

The principal lacrimators employed in the late war, in the order of
their introduction ure shown in the table on page 130.

“Ax will be noted in the table, the lu.nnmnluru fall naturally into two
groups: (1) simple lacrimators, which in ordinary field concentrations
affect the eyes only; and (2) feric lacrimators, which in ordinary feld
roncentrations not only affect the eyes but also exert certain toxic
effects against other parts of the body. All the toxie lacrimators, in
wddition to their lacrimatory action, are also lung injurants. In the
cases of chlorpicrin and phenylearhylamnine chiloride, their lung-injurant
eflects are 80 much more pronounced than their lacrimatory effectls
that they are usually classed as lung-injurant agents (see Chap. VII).

e Intr::uﬂd Date
Simple lacrimators

Ethyvibromsacetate.. ... . . ......._ ... Frepch August, 1014
Xylyl bromide........... S50 60 0006 Germans | January, 1915
Benayl browide. ... ... .. ..., v..| Uermans | March, 1015
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Brommethylethy! ketone, ........... Germans | July, 1915
Ethyliodoacetate. .................. British September, 1915
Benzvl jodide......... e eeaiaa French November, 1915
Brombenzyl evanide. . .............. French July, 1818
Chloracetophenone. ........... .. .| Americans | Postwar

Toxic lacrimators

Chlomaeetone. .. ... ... .cciiinnanas French November, 1914
Bruomacetone. .. .. ....cc.vvmmannenan Germans July, 1915
Todoacetone, . .......... .. cunnnnn- French Aupgust, 1915
Acrolein, ... ...oiiie e nnaan French January, 191t
Chlorpierin®. . ... .. ..cvvevrerinnnns Russians August, 1916
Phenylearbylamine chloride®. ... ..... Germans Mav, 1917

* Primarily lung injuranta.

GROUP CHARACTERISTICS

The lacrimators, as a group, have certain well-defined properties in
common, the most important of which are the following:

1. They all have the power to irritate certain tissues only, i.e., the eyes, mnd
without producing noticeable lesions; their action js thus both elective and reversihle
since they affect only one organ, and the irritation produeced quickly disappears.

2. Their threshold of action is low, i.e., they are effective in extremely low con-
centrations, such as a few thousandths of a milligram per liter, und can produce an
intolerable stmosphere in concentrations as Jow as one-thousandth of that required
for the most effective letha] agents,

3. They are gquick acting, producing almost instantaneous physiological rfiects
(in Jess than 1 minute) in the form of a muscular reaction of the eyvelids, closing the
eves, and a glandular reaction from the lacrimatory glands, produeing a vopious fow
of tears.

4 Chemically they nre very closely related, being formed by a ¢entral niom of
earbon, earrving a halogen and one or several negative groups in which the hydrogen
atoms are readily displaced. Hederer and Istin (15), quoting Profcasor Job, give the
following tvpe formulas which explain the chemieal relationships of the lacrimators
to each other:

Cl (chloride)
Br (bromiade)
JI (iodide)

~CsHs (benzyl)
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%cl (chlor-)

Hy—=C—

\

He=0 Br (brom-)

\ I (iod-)
GU—GH. {mtnne}

H.ﬂc—___-—:'_‘:m (chlor-)
CO—C,H, (acetophenone)

5. Physicallv, the lacrimators are, in general, liquids of relatively high boiling
points wnd low vapor pressures. They are, therefore, essentially nonvolatile sub-
stanees that form persistent gases.

Since all the lacrimators are practically insoluble in water, although
readily soluble in fats and organic solvents, on coming in contact with the
moixt kurfaces of the eyeball and conjunctiva, they are not diluted by the
moisture encountered but are rapidly absorbed by the epithelial surfaces.
The effect upon the sensitive nerves at once produces an irritation that
passes rapidly from a slight tingling sensation to an intolerable smarting
and terminates in & muscular reaction, closure of the eyelids, and & secre-
tion of tears. The reflex action of closing the eyelids and the profuse
secretion of tears produces a suspension of vision which, however, usually
persists but & few minutes after termination of the exposure to the lacri-
matory atmosphere, and rarely produces any pathological lesion or
injurious aftereffects.

A marked peculiarity of the lacrimators as a group is their relative
ineffectiveness against animals. Thus it was noted early in the war that
coneentrations which ecaused profuse lacrimation in men produced no
visible effect upon horses and mules. From careful tests, using bromben-
zyl cyanide as the agent, it was found that it was necessary to use a
wolution 100 times as strong to lacrimate a dog and 1,000 times as strong
to lacrimate a horse to the same degree as a man. The reason for this
great difference in the sensitiveness to lacrimation between men and
animal: has never been satisfactorily explained, though the fact 15 well
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established hy tests and war experience.

Although lacrimators were used throughout the World War, their
employment was more and more limited as other more powerful gases
were introdueed.  During thé whole period of the war, about 8,000 tonx
of lacrimators were used in battle, This was less than 5 per cent of the
total tonnage of toxic gases used. However, owing to their effectiveness
in extremely low concentrations, forcing troops to mask, with its attend-
ant disadvantages, lacrimators served a useful purpose in the war. Also,
owing to their total lack of permanent injury, lacrimators are well
adapted for controlling mobs and suppressing domestic disturbances;
they have been used in increasing amounts for this purpose since the
World War. 132

As the later lacrimators are far more powerful than their earlier
predecessors, they are of the greatest interest, particularly, as to the
future. However, in order to trace the development of the lacrima-
tors as a group and to compare the properties of each with the others,
a brief description will be given of each in the chronological order of its
introduction.

Ethylbromacetate (CH:BrCOOC.Hy)

‘The first combat gas used in the war was ethylbromacelate, which was
employed by the French in rifle grenades as early as August, 1914, In
November, 1914, owing to a shortage of bromine from which brominated
compounds could be made, chloracetone was substituted as a filling in
the French gas grenades (1),

Ethylbromacetate was first prepared by Perkin and Duppa in 1858
by heating bromacetic acid and alcohol in sealed tubes. The rompound
was thus known long before the World War and was used in many ways
in industry in the manufacture of other chemical substances. Its highly
irritant effect upon the eyes was also well known to chemists. This
property and the fact that it is easily manufactured and handled were
perhaps the reasons for its employment in 1912 as a filling for hand bombs
by the Paris police for temporarily disabling criminals and facilitating
their arrest. The success attained by the French police in suppressing
lawless gangs with this gas undoubtedly led to adoption by the French
Army as a filling for 26-mm, rifle grenades.

According to German authorsy the French had actually manu-
factured a quantity of these gas-rifle grenades before the outbreak of
the World War, and 30,000 were taken into the field by the French Army
in August, 1914, and used during that summer. The French deny this
and assert that the hand bombs filled with ethylbromacetate were used
for police purposes only, However, regardless of whether or not
the French actually manufsctured rifie gas grenades prior to the World
War, they certainly appear to have been employed by the French Army
during the first months of the war, and the chemical filling used was
ethylbromacetate.

According to Mueller, ethylbromacetate is prepared by the brom-
ination of acetic acid in the presence of red phosphorus and the subse-
quent esterification with alcohol of the bromacetic acid obtained.

It is a transparent liquid of 1.5 specific gravity, which boils without
decomposition at 168°C. (334.4°F.), and does not react with iron. It is
almost insoluble in water and is only slowly hydrolyzed thereby.

Ethylbromacetate is very irritating to the eyes and nasal passages,
causing lacrimation in concentrations as low as 0.003 mg. per liter. At

0.04 mg. per liter, the concentration becomes intolerable to the eyes, and
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a concentration of 2.30 mg. per liter is lethal on 10 minutes’ exposure

[ts toxicity is, therefore, over twice that of chlorine. Its wvolatility i=
21.00 mg. per liter at 20°C. (68°F.), so that field concentrations of nearly
ten times the lethal dose are practicable.

On account of the searcity of bromine, ethylbromacetate was dis-
placed by chloracetone in November, 1914, and was not used thereafter.
Its use was, therefore, very limited and, aside from the fact that it wax
the first combat gas used in the World War, this compound was not
important.

Chloracetone (CHyCOCHLCI)

French: “ Tonite”
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Chloracetone was introduced by the French in November, 1914, as a
substitute for ethylbromacetate in hand and rifle gas grenades. It is
obtained by the direct chlorination of acetone and is a clear liquid, of
1.16 specific gravity, which boils at 119°C. (246.2°F.), yielding a vapor
3.7 times heavier than air. Chloracetone is only slightly soluble in

water and is not decomposed thereby. It tends, however, to polymerize
into a relatively inert form on long storage.

It has a pungent odor like that of hydrochloric acid and lacrimates
the eyes (conjunctiva) in concentrations as low as 0.018 mg. per liter. A
concentration of 0.10 mg. per liter is intolerable after 1 minute of exposure,
and a concentration of 2.30 mg. per liter is lethal on 10 minutes’ exposure.
It is, therefore, about as toxic as ethylbromacetate, However, it is much
more volatile so that its ordinary field concentrations are much higher
than those of ethylbromacetate.

Because charcoal readily absorbs chloracetone and therefore even
the early gas masks afforded adequate protection against it and because
bromacetone proved to be a better tear gas, chloracetone was displaced
in 1915 by bromacetone and other more powerful lacrimators then
introduced. A relatively small amount of chloracetone was used in the
war, and it played but a minor role in the early stages of gas warfare.

Xylyl Bromide (C;H,CH,CH;BR)
German: “T-Stoff "’

In the early experiments with various chemical compounds, in an
effort to produce more powerful lacrimators, the Germans found that, in
general, the bromine derivatives were far more effective than the corre-
sponding chlorine compounds; as there was then no shortage of bromine
in Germany (as in France and England), the German chemists proceeded
to develop for chemical warfare a series of bromine compounds of which
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xylyl bromide was the first. The first use of this gas in battle was in
artillery shells fired against the Russians at Bolimow on Jan. 31, 1915,
and it= first employment on the Western Front was against the British
at Nieuport in March, 1915. The firing of these shells against the
Russians not only constituted the first use of gas in artillery shell* but
was also the first use of gas in a major uperation in the World War, ante-

dating, as it does, the celebrated cloud-gas attack at Ypres in April, 1915,
by three months.

* Strictly speaking, the first German gas used in the World War was chlorsulfate
of ortho-disnisidin, a powder which was filled between the lead balls of the 10.5-mm.
shrapnel. However, only one trial lot of these shell was used on Oct, 27, 1914, at
Neuve-Chapelle and, as the success obtained was not sufficient to warrant furthar
use of this material, it was abandoned.

Xylyl bromide is prepared by the direct bromination of xylene amd
consists of a mixture of the three isomerie substitution products of the
ortho-, meta-, and para-xylene present. When pure, the xylyl bromides
are light yellow slightly viscous liquids, while the xylylene bromides are
solids.  Crude xylyl bromide consisted of a mixture of xylyl and xylylene
bromides and, as used in gas warfare, was a black liquid, of 1.4 specific
gravity, which boils at from 210° to 220°C. (4¢10° to 428°F.), yielding a
pungent aromatic vapor, 8.5 times heavier than air, with an odor resemb-
ting hilacs.  As it corrodes iron and steel very rapidly, xylyl bromide had
to be loaded into lead containers which were in turn placed in the shell,
Later in the war, lead and enamel linings were developed which success-
fully protected the shell from corrosion and made the inner lead contain-
ers UNnecessary,

Xylyl bromide is an extraordinarily powerful irritant to the eyes
{conjunctiva). It can be detected by sensitive individuals in concentra-
tions as low as 0.00027 mg. per liter, whereas its lacrimatory concentra-
tion is 0.0018 mg. per liter. A concentration of 0.015 mg. per liter is
intolerable after 1 minute, and a concentration of 5.60 mg. per liter is
lethal on 10 minutes’ exposure. Hence while xylyl bromide is a much
stronger lacrimator, its toxicity is only half that of ethylbromacetate.

On account of its low volatility (0.60 mg. per liter at 88°F.), xylyl
bromide was not very effective at low temperatures, and it was also
very readily absorbed by the charcoal in gas-mask canisters, so that
masks furnished adequate protection against it. Owing to these facts
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and its corrosive properties, it was replaced in 1917 by more volatile
and powerful substances. However, xylyl bromide played an important
role in the history of gas warfare. About 500 tons of T-Stoff were fired
by the Germans and, while no serious casualties were produced thereby,
this gas first showed the tactical importance of gas shell and paved the
way for the more effective gas shell which followed.
135
Benzyl Bromide {C.H:;CH;Br)
German: T-8toff; French: “ Cyclite "

The second bromine compound introduced by the Germans was
henzyl bromide. It was first used by them at Verdun in March, 1915,
in an effort to obtain a more volatile substanee than xylyl bromide, but
the improvement was not marked for, while benzyl bromide is somewhat
more volatile, it is less irritating than xylyl bromide. The French also
later used this compound under the name of “Cyclite.”

Benzy! bromide is prepared by the direct bromination of toluene in
the same way as xylyl bromide is obtained from xylene. In its pure
state, benzyl bromide is a transparent liquid, with a specific gravity of
1.44, which bwoils at 201°C. (393.8°F.), yielding vapor 6.0 times heavier
than air and with a pleasant aromatic odor resembling water cress. It
is insoluble in water and is only very slowly decomposed thereby. Its
great chemical stability, low wvapor pressure, 2.0 mm. Hg at 20°C.
(68°F.), and low volatility, 2.4 mg. per liter at 20°C. (68°F.), assures its
persistence on the terrain.

While benzyl bromide is a decided eye irritant, its effect is not nearly
<0 great as that of xylyl bromide. Thus, a concentration of 0.004 mg.
per liter is required to produce any irritation at all, and the concentration
does not become intolerable until it attains 0.06 mg. per liter. In higher
concentrations, it also produces much irritation of the nose, throat, and
air passages with salivation and nausea. Its lethal concentration for
10 minutes” exposure is 4.50 mg. per liter, as compared to 5.60 mg. per
liter for xylyl bromide.

Like other bromide compounds, benszyl bromide corrodes iron and
steel and must, therefore, be kept in lead- or enamel-lined containers.
It was used in battle in small quantities for a short time because its
irritant power was much less than that of other compounds, and its basie
romponent—toluene—was more urgently needed for the manufacture of
high explosives. For these reasons, and the fact that charcoal thor-
oughly absorhs its vapors, it is unlikely that benzyl bromide will ever be
used again as a chemical agent.

Bromacetone (CH,COCH:Br)

German: ** B-Stoff ' ; French: “ Martonite'; British and American: “BA "

Not satisfied with the slight improvement of benzyl bromide over
xylyl bromide, the Germans soon brought out a third bromine eompound
—bromacetone—in an effort to solve the problem of a more easily vola-
tilized irritant. It was also used by the French, mixed with 20 per cent
chloracetone, under the name *“Martonite,” and by the British and

Amerieans under the symbol “BA.” This compound was the most

136 ,
widely employed of any of the pure lacrimators, more than 1,000 tons

being fired in projectiles alone, not to mention use in other weapons surh
a8 hand and rifle grenades. Bromacetone is the bromine compound
which ecorresponds to chloracetone and is produced in a similar manner,
1.e., by the direct bromination of acetone. It is a colorless Liquid, of
1.6 xpecific gravity, which boilz at 135°C. (275°F.), yielding a vapor 4.7
times heavier than air. On long standing, bromacetone decomposes,
gradually changing to a black resinous mass, during which process
hydrobromic acid is released. Although bromacetone is not soluble in
and is not decomposed by water, it is nevertheless a rather unstable
rompound, as it decomposes even in its purest form, particularly under
the influence of heat and light.

Bromacetone was one of the most effective lacrimators used in the
war. It produces an irritating effect upon the eyes in concentrations
ax low as 0.0015 mg. per liter while, & concentration of 0.010 mg. per liter
is intolerable, and a concentration of 3.20 mg. per liter is lethal on 10
minutes’ exposure. The toxicity of bromacetone is thus intermediate,
hetween that of ethylbromacetate (2.30 mg. per liter) and xylyl bromide
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(5.60 mg, per liter).

At 20°C. (68°F.), the vapor pressure of bromacetone is 9 mm. Hg and
its volatility 75.0 mg. per liter. Owing to its relatively high volatility,
toxic concentrations of bromacetone were often encountered in the field,
so that, in addition to its lacrimatory power, this compound is classed ax
a toxic lacrimator. Moreover, liqguid bromacetone, on contact with skin,
produces blisters which, although they heal rapidly, are extremely pain-
ful on the sensitive parts of the body.

In the late war, bromacetone was used by the Germans in artillery
(Green T) shells and trench-mortar bombs (B-Minen) for only a short
time, owing largely to the ever-inereasing demand for acetone for other
purposes. ‘The British also used it for a short time until it waus repluced
by more effective iodine compounds. In the mixture Martonite (80 per
cent bromacetone and 20 per cent chloracetone), it was used by the
French and Americans throughout the war, although it was rapidly
being displaced toward the end of the war by the more powerful com-
pound, brombenzgyleyanide, introduced by the French in the summer of
1918,

Brommethylethyl Ketone (CH,CO.CH.Br.CH;)
German: *Bn-8toff ”; French: *“ Homomartonite ”

By the summer of 1915, the demand for acetone as a solvent for
nitrocellulose in the manufacture of powder and dopes for airplane fabrics
hecame so great that both sides began to look for substitutes for bromace-
tone, with the result that in July, 1915, the Germans introduced brom-
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methylethyl ketone (Bn-Stoff), while the French followed with a mixture of
hrommethylethyl ketone and chlormethylethyl ketone, under the name
" Homomartonite,"” so called because of its great similarity to Martonite
(80 per cent bromacetone and 20 per cent chloracetone) in chemieal
romposition and physiological action.

Methylethyl ketone is present in large quantities in the "“acetone oils,”
which are by-products in the manufacture of acetone from wood, and, if
this compound is brominated in & way similar to acetone, brommethyl-
ethyl ketone iz obtained. When freshly distilled, it is a faintly yellow
liquid, insoluble in waser, of 1.43 specific gravity, and boils with some
decomposition at 143°C, (203°F.), yielding a vapor 5.2 times heavier
than air.

The vapor pressure of brommethylethyl ketone is 15.0 mm. Hg at
14°C. (57.2°F.), while its volatility at 20°C, (68°F.) is 34.0 mg. per liter,
It is thus less persistent than xylyl bromide. Like all bromine com-
pounds, it corrodes iron and steel and requires lead- or enamel-lined
reveptacles for storage,

Brommethylethyl ketone is a powerful lacrimator, being more power-
ful than benzyl bromide and only slightly less puwerful than bromacetone,
which it resembles to an extraordinary degree in ity other properties,
Thus, its minimum lacrimatory concentration is 0.0126 mg. per liter,
while a concentration of 0.016 mg. per liter is intolerable and a concen-
tration of 2.00 mg. per liter is lethal on 10 minutes’ exposure. Owing to
its high toxicity and volatility, toxic concentrations of brommethylethyl
ketone may readily be produced in the field; for this reason this compound
e as & toxic lacrimator.

On the whole, brommethylethyl ketone was not so effective a war gax
as bromacetone, and its substitution for bromacetone was solely for
economic reasons relating to the shortage of acetone.

Iodoacetone (CH,CTOOCH,I)
French: “ Bretonite®'

The searcity of bromine caused the French and British to turn to the
idine compounds correspunding to the bromine componnds in use by the
Germans, with the result that during the latter part of 1915 three such
iodine compounds—iodoacetone, ethyliodoacetate, and benzyl iodide—
made their appearance in the war. These substances were, on the whole,
somewhat superior in irritant and toxic effects, but less stable than the
corresponding bromine compounds.

The first of the iodine compounds to make its appearance was iodo-
Scetone which was introduced by the French in August, 1815, as a filling
for artillery shell.
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lodoacetone is prepared by treating chloracetone with sodium or

potassium iodide in alcoholic solution. When first prepared, it is a
rlear faintly yellow liquid, with a specific gravity of 1.8, which hoils at
102°C. (215.6°F.) and turns brown on vontact with the air.  [odoncetone
decomposes on heating more easily than bromacetone and is converted
on stunding about one week into symmetrical diiodoacetone. Its vapor
possesses a very pronounced pungency and is of about the same laeri-
matory strength as brommethylethyl ketone (0.120 mg. per liter), but is
more toxic than any of the halogenated ketones.

Iodoacetone war used only a short time by tie French, being super-
seded toward the end of 1915 by benzyl iodide. The Britlsh manufac-
tured some iodoacetone but do not appear to have used it in the field,
preferring the more powerful ethyliodoacetate.

Ethyliodoacetate (CH,ICOOC.H,)
British: “SK"

This compound was introduced by the British at the battle of Loos,
Sept. 24, 1915, as a filling for 4.2-in. howitzer shell, It was later also
used in 4-in. Stokes-mortar bombs and gas grenades and was the Britislh
standard lacrimat®r throughout the war.

Like iodoacetone, ethyliodoacetate is obtained by the double decom-
position of the corresponding chlorine compound (ethylehloracetate)
with potassium iodide in alcoholic solution. It is a colorless oily liquid,
of specific gravity 1.8, which boils at 180°C. (356°F.) and quickly turs
brown in the air, liberating iodine. At 20°C. (68°F.), its vapor pressure
is 0.54 mm. Hg, and itz volatility is 3.1 mg. per liter. It i= somewhat
more stable than iodoacetone, but is still quite easily decompored.
Unlike the bromine compounds, it does not attack iron and may, there-
fore, be loaded into projectiles without any protective lining,

Ethyliodoacetate is extremely irritant and lacrimatory and ix moder-
ately toxic as well. Its lowest lacrimatory concentration i 0.0014 mg.
per liter; the intolerable conecentration is 0.015 mg. per liter; a concen-
tration of 1.5 mg. per liter is toxic on 10 minutes’ exposure, It ix, there-
fore, more irritant, lacrimatory, and toxic than any of the lacrimatars
previously employed in the war. While its toxicity is about one-thinl
that of phosgene, its volatility is very low, and for that reason lethal
concentrations were not encountered in the field. To inerease its vols-
tility, it was usually diluted with alcohol before filling into projectiles.

While ethyliodoacetate was one of the most powerful lacrimators used
in the war, the British were forced to adopt it because of a shortage of
bromine and the fact that they then had access to large supplies of iodine
from South America. At the present time, the price and scarcity of
iodine make the future use of this compound ax a chemical agent undesir-
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able, particularly since other wuﬁ more powerful lacrimators are now

available.

Benzyl lodide (CJH,.CH.I)
French: “ Fraissite ™

This substance was the last of the three iodine compounds used ax
chemical agents in the war. It was introduced by the French in Novem-
ber, 1915, to replace iodoacetone, on account of the shortage of aretone,
and was intended to serve the same purpose as benzyl bromide used by
the Germans,

Benzyl iodide is obtained by the double decomposition of benzyl
rhloride with potassium iodide in alcoholic solution. It is a white
erystalline solid whirh melts at 24°C. (75°F.) and boils with completr
decomposition at 226°C. (438°F.). [ts specific gravity is 1.7; it is insolu-
ble in water and has a marked ability to undergo double decomposition
on storage.

As a lacrimator, benzyl iodide has about twice the power of benszyl
bromide. Thus, its lowest irritant concentration is 0.002 mg. per liter;

ita intolerable concentration is 0.03 mg. per liter; its lethal concentration

18 3.00 mg. per liter on 10 minutes’ exposure. However, its volatility
(1.2 mg. per liter at 20°C.) is only half that of benayl bromide, and for
that reason it was usually employed in the field in the form of s 50-50
mixture with henzyl chloride under the name ‘ Fraissite.”
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While benzyl iodide was an improvement over iodosacetone, it was
used for only a short time and was displaced early in 1916 by acrolein.
Except for ethyliodoacetate, the iodine compounds were used only in
very small quantities and for a short time by the Allies as a temporary
measure, owing to the scarcity of bromine, and were soon displaced by
other more effective substanees.

Acrolein (CH;CHCHO)
French: * Papite

Acrolein was introduced by the French in January, 1918, as a filling
for gas grenades and artillery shell, in an effort to obtain an effective
lacrimator which did not require bromine or acetone for its manufacture.
Aerolein ix obhtained by the dehydration of glyeerine, by distilling it in
the presence of potassinm bisulfate or erystallized magnesium sulfate
A% 4 catalyst.

When freshly prepared, acrolein is a clear liquid of greenish yellow
volor and pungent odor, with a specific gravity of 0.84 at 15°C. It boilx
at 52°C. (125.6°F.), yielding a light vapor only 1.9 times heavier than
air, is very unstable, and is easily oxidized into acrylic acid. Ewven when
protected from the air, acrolein gri;ﬂ:illy polymerizes into dizacryl or
aerolein gum, an inactive gelatinous substance which has none of the
phyriological powers of acrolein,

[u order to prevent polymerization, the French added about 3 per cent
nmyl mtrate as a rtabilizer.  While this tended to prevent polymeriza-
tion into disaeryl, it did not prevent the formation of acrolein gum, #o that
it was not very effective,

Aerolein is a fairly powerful lacrimator and respiratory irritant,
the effects on the eyes and throat occurring simultancously. In higher
concentrations, it i nlso a lung-injurant toxic gas, In coneentrations
s low as 0.007 mg. per liter, acrolein lacrimates and greatly irritates the
conjunctiva and the muecous membranes of the respiratory organs. At
0.05 mg. per liter, it becomes intolerable, while a concentration of 0.35 mg.
per liter is lethal on 10 minutes’ exposure. Beeause of its toxie prop-
erties, acrolein is classed as a toxic luerimator.  On acecount of its great
lack of chemieal stahility, acrolein was not a =uceessful chemical agent
in the World War and can never play an important role in chemical
warfare.

Chlorpicrin {CCl;NOQ.)

French: * Aquinite " ; German: “ Klop " ; British and American;: *“ P8" and
ki NC r

Chlorpicrin lacrimates in concentrations as low as 0.002 mg. per liter.
A concentration of 0.05 mg. per liter is intolerable, and 2.00 mg. per liter
18 lethal on 10 minutes’ exposure. Chlorpierin is thus both a lacrimatory
and lung-injurant toxic gas, but, as its lung-injurant effects are so much
more pronounced than its lacrimatory effects, it is usually considered as
a lung-injurant gas and is so regarded here (see Chap. VII).

Phenylcarbylamine Chloride (CsH;CNCl,)

This compound is both a lacrimator and a lung injurant. Its mini-
mum lacrimatory concentration iz 0.003 mg. per liter, which makes it
intermediate between benzyl bromide (0.004 mg. per liter) and benzyl
iodide (0.002 mg. per liter). At 0.025 mg. per liter it is intolerable for
more than 1 minute, while 0.05 mg. per liter is lethal on 10 minutes’
exposure. As its toxic properties are so much more important than its
lacrimatory power, it is generally regarded as a lung-injurant agent and
is so treated in Chap. VII.

Brombenzyl Cyanide (C;:H.;CHBrCN)
French: “Camite”; American: *“CA”"

Brombenzyl cyanide was the last and most powerful lacrimator used

in the World War. It was introduced by the French in July, 1918, as the
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culmination of their efforts to produce more powerful and effective lacri-

mators. It was also simultancously adopted by the Americans as their
standard lacrimator and manufactured in the United States in the fall of
1918.
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Brombenzyl cyanide was first prepared by Riener in 1881 by brom-
inating phenyl cyanide, and its manufacture in industry was commenced in
1914. Industrially, brombenzyl eyanide iy prepared in three gteps, ax
follows: (1) chlorination of tolucne to form benzyl chloride; (2) the con-
version of benzyl chloride to benzyl cyanide by the action of sodium
eyanide in alcoholic solution; (3) the bromination of the benzyl eyanide
with bromine vapor in the presence of sunlight,

In its pure state, brombenzyl cyanide is a yellow-white erystalline
solid which melts at 25°C. (77°F.) into a brownish oily liquid of 1.47
specific gravity, and boilz at 225°C. (437°F.). After a slight initial
decomposition upon exposure to air, the compound is chemically fairly
stable at ordinary temperatures, although it slowly decomposes in storage.
When heated above 150°C. (302°F.) it decomposes very rapidly. It ix
xoluble in water, which decomposes it only very graduslly. It is also
very soluble in phosgene, chlorpicrin, and benzyl cyanide. Itsvapor pres-
sure 18 0.012 mm. Hg at 20°C. (68°F.), and its volatility is 0.13 mg. per
liter at the same temperaturg. Its persistency in the open is three days;
In woods, seven days; and in the ground, from 15 to 30 days. Like most
compounds containing bromine, brombenzyl cyanide corrodes iron and
steel and can be kept only in glass-, porcelnin-, or enamel-lined containers.

This substance has an odor like soured fruit and produces a burning
sensation of the mucous membranes and severe irritation and lacrimation
of the eyes with acute pain in the forehead. As a lacrimator it is seven
times as powerful as bromacetone. Thus, brombenzyl cyanide can be
detected in concentrations as low as 1:100,000,000 (0.000087 mg. per
liter); it has an irritating effect on the eyes in concentrations of 0.00015
mg. per liter and it produces lacrimation in concentrations of 0.0003 mg.
per liter. A concentration of 0.0008 mg. per liter produces an intolerable
irritation, and a concentration of 0.90 mg. per liter is lethal on 30 minutes’
exposure, It is thus less toxic than phosgene and, owing to its low vola-
tility, toxic concentration eannot be realized in the field.

While brombenzyl cyanide was by far the most powerful lacrimator
used in the war, it has three very serious defects: (1) it corrodes iron
and steel, requiring specially lined containers; (2), it is not chemieally
stable, but slowly decomposes in storage; (3), its great sensitiveness to
heat makes its use in artillery shell very difficult. If the bursting charge
18 not kept very small, it causes loss of the chemical filling through
decomposition on explosion. An additional disadvantage might also
be found in its rather extreme persistency in the soil.
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From a tactical standpoint, therefore, brombenzyl cyanide seems quite

limited in its possibilities in the future.

Chloracetophenone (C,H,COCH,CI)
American: “CN"

Because of the difficulties attending the ure of brombenzyl cyanide,
Lhe: Amerieans toward the end of the war begun tu investigate the proper-
ties of chloracetophenone as a combat gas. This compound was dis
vovered in 1869 by the German chemist, Graebe, who described the
powerful effects of its vapors upon the eyes. Owing to the short time
it was under study in the war and the difficulty of its manuf acture, no
chloracetophenone was used in the World War. Shortly after the war,
however, American investigators became eonvineed of its SUperiority as a
tear gas and worked out a satisfactory process of manufacture. This
process consists of the following steps:

1. Chlorination of acetic acid to obtain menuchloracetie acid, accord-
ing to the equation

CHyOO0H + Cly — CH,CICOOH + HCI

2. The chlorination of this scompound with sulfur monochloride and
chlorine to obtain chloracetyl chloride aceording to the squation

4CH:CICOOH + BsCly + 3Cly =+ 4CH,CICOCI + 280, + 4HCI

3. Treatment of chloracetyl chloride with benzene in the presence

of anhydrous aluminum chloride, aceording to the equation

CH,CICOCI 4+ CeH, — CH,COUCH,U1 4+ HUI
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Ses Chart VIII.

Unlike the lacrimators used in the late war, chloracetophenone iz a
solid, und remarkably resistant to heat and mowsture, It does not cor-
rode metals, including iron and steel, so it may be loaded direct mto
shell, either by casting or pressing, without danger to the workmen
handling 1it.

When pure, it consists of colorless crystals, of 1.3 specific gravity,
which melt at 59°C. (138°F.) and boil at 247°C. (476°F.), yielding »
vapor which in low concentrations has an odor resembling apple bhlos-
soms. At 20°C. (68°F.) its vapor pressure iz very low (0.013 mm. Hg)
and its volatility is 0.106 mg. per liter.

Chloracetophenone is only slightly soluble in water and is not decom-
posed thereby. It is not decomposed by boiling and may therefore be
distilled and poured into shells in the molten state, which greatly facili-
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tates loading into munitions. It is not affected by explosion of high
sxplosives and may even be mixed with same in shell.

In lacrimatory power, chloracetophenone is about equal to brom-
benzyl cyanide, Thus, it produces lacrimation in concentrations as
low as 0.0003 mg. per liter while a concentration of 0.0045 mg. per liter
is intolerable and a concentration of 0.85 mg. per liter is lethal on 10 in-

utes’ exposure.
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In addition to its lacrimuatory effect, chloracetophenone iz a decided
wrntant to the upper respiratory passages; in higher concentrations, it
w arnitating to the skin, producing a burning and itching sensation,
expecially on moist parts of the body. These effects are very similar to
sunburn, are entirely harmless, and disappear in a few hours.

Although chloracetophenone can be effectively dispersed by explosion,
it is very much more effective when it is distilled into the air hy the heat
of a burning composition. A very efficient dispersion results when one
part of chloracetophenone is intimately mixed with three parts of mall-

1+
graincid smokeless powder and the mixture burned without explosion.

Surh a progressive hurning mixture ean be snecessfully employed in hand
andl rifle grenades, trench-mortar bombs, and even artillery shell. This
mixture is quite stable in storage and has the advantage of being prac-
tically inert on exposure to air until actually ignited.

Chluracetophenone is readily soluble in organic solvents and is thux
frequently filled into grenades and shells as a liquid solution. Three
stich solutivns have been used as follows: (1) CNB, consisting of CN,
enzol, and carbon tetrachloride; (2) CND, consisting of CN and ethylene
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dichloride; and (3) CNS, consisting of CN, chloroform, and ¢ hlorpicrin,

(O e mmt. of its low volatility, [.Illm‘mPtn]]hmmm usually exists o a
gaseous form, hut in high concentrations at low temperatures it may
pxist in the form of smoke (selid particules).  In this form, it does not
react with the charenal in the gas-mask canister and for that reason can-
isters must be provided with a mechanical smoke filter in order to insure
adequate protection against it.

Aside from its combat use, this substance is excellently suited for
wse 4s o training gas for training troops in chemical warfare, It is also
of great value in suppressing mobs and internal disorders, as it is safely
and easily handled and is not likely to prove injurious to persons who
come in contact with it.

COMPARATIVE STRENGTH OF LACRIMATORS

The aggressive power of a lacrimator is a function of its specific
lacrimatory power, expressed as the minimum coneentration required
to produce laecrimation, and its volatility at ordinary temperatures
(68°F.). On this basis, the lacrimators described above are arranged
below in the descending order of their aggressive powers.

Minimum lacrimatory c
. Vaolatility,
concentration {thresh- b B
Agent : 20°C. (H8°F.),
old of action}, mg. per o« lit
liter nig. per liter
Brombenzyl cyanide, . .., . .] 0. 00015 0. 1300
Chloracetopherone. .. . ... .. : 0. 0003 | 0. 1060
Ethyliodoncetate. ... ... .. 00,0014 3. 1000
Bromacetone. . ..... ... 0.0015 ! 75. 0000
Xvivl bromide. ... .. 0.0018 | 0 6000
Chlorpicrin. .. . .. 0. (020 v 165 0000
Benzyvl iodide. . 0.0020 0.0012
Ethvibromae E'Eﬂ.tE 0.0030 21 0000
Phenvic&rhylﬂmmt l:h'lund-: 0.0030 2. 1000
Benzyl bromide. e -' 0. 0040 0.0024
Acrolein ., : 0.0070 20 . 0000
Emmmeth}'leth}*l ketnne 0.0126 34 0000
Chloracetone. . ... . ....... .. 0.0180 0. 1200
Iodacetone. . ............... l 0.0120 0.0031
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TOXICITY OF LACRIMATORS

The toxicity of the World War lacrimators has been previeusly
mentioned in Chap. [ The following table shows their relative toxiecity
on the basis of 10 minutes’ exposure:

Minimum Lethal
Concentration,

Agent Mg. per Liter
APl . e et e 0.35*
Brombenzyl evanide. ... ... ... ... o oo e 0.35
Phenvlearbvlomine chlonide. ... .. ... .. Lo oL, 0. 50°
Chloracetophenone. ... ... .. o o e i 0.85
Ethyliodoncetate, .. ... ..., ... ... ..., e e e 1.50°
Iodoncetone. . . . ... ... i e e e e e 1.90
Chlorpicrin. . i e e e e 2.00"
Hmmmcth}letlnl k{-mne e e e e e e 2.00*
Ethylbromacetnte, ... .. ... .. i e e e . 2.30*
Chloracetone, . .. ... .ot ee e ma e e 2.30
Benzyl iodide. ... .. ... e e e e e 3.00
Bromacetone. . . ... ... ... et it a i i 3.20*
Benzvl bromide. . ..... .. .. ... .. i a ittt a e 4. 50
Xylylbromide. . ... .. ... i e 5. 60

In the cases of those compounds marked with an asterisk (*), their
volatilities at 20°C. (68°F.) exceed their minimum lethal doses, so that
fatal concentrations of these compounds may be encountered in the field
at ordinary temperatures. Moreover, it must be remembered that,
even in the cases of those compounds whose volatilities are below their
minimum lethal doses, as shown above (unmarked), a smaller concentra-
tion over a correspondingly longer time is equally fatal, so that if these
compounds are released in protected places, such as trenches, dugouts,
wouodds, etc., where they may persist for a longer period than 10 minutes,
they may also prove [atal.

It is also to be noted that zll the above lacrimators are much more
toxie than chlorine, and that acrolein and brombenzyl cyanide are more

toxic than phosgene, although the volatility of the latter is too low to
permit fatal roncentrations in the field.
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FUTURE OF LACRIMATORS WORLD WAR LUNG INJURANTS
The future role of the lacrimators in war is uncertain. Their great The principal lung-injurant agents in order of their chronologieal

advantage is the extremely small amounts required to force men to mask
with the attendant impairment of their fighting vigor. On the other
hand, they produce no real casualties and protection is easily obtained.
For these reasons, it seems fairly certain that lacrimators will not be
Used in any future war between first-class powers, as their armies will
h:E equipped with masks affording adequate protection. At the same
time, tear gas is very effective against troops having no protection, and
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for that reason, will probably be used in minor warfare against poorly

organized and semicivilized peoples. Also, tear gas will undoubtedly
continue to be used to suppress riots and civil disturbances for whiel
purpose it is eminently fitted.

For a summary of the properties of the prineipal lacrimatory agents,
vee Table IV.
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CHAPTER VII

LUNG-INJURANT AGENTS
GROUP CHARACTERISTICS

The lung injurants were the second group of agents to make their
appearance in the World War. They form a well-defined group, having
many properties in common, and for that reason they were designated
by the Germans under a single generic class—Green Cross substances. In
general, they were all liquids of relatively low beiling points and high
vapor pressures. They, therefore, were volatile substances that formed
nonpersistent gases upon release from their containers. Their principal
physiological action was injury of the pulmonary system of the body.
‘The main result of this injury was to cause fluid to pass from the blood
into the minute air sacs of the lungs and thus obstruct the supply of
vxygen to the blood. Death from one of these substances may be com-
pared to death by drowning, the water in which the vietim drowns being
drawn into his lungs from his own blood vessels.

A8 a rule, the lung-injurant agents are lethal (deadly) in concentra-
tions ordinarily employed in hattle and have the following properties
in common:

1. Their threshold of useful sction is relatively high, varying between 1 and 10 mg.
per liter of air.

2. They are effective on very short exposure, usually only a few minutes are
required to produce death or serious casualties in the concentrations generally
employed in battle.

3. They exert a similur physiological netion comprising the following factors:

a. Irritant effect on the mucous membranes of the respiriory avetem (nose,
throat, and trachea).

b. Sperial changes {injury) in the hing tissue.

c. Becomdary sequelse of these changes in the lung tissues, chiefly in the cir-
culatory system and in the composition of the blood gases.

+. Their physiological effect is not iinmediate, but genernlly produces death or
neTious casualties in from | to 2 hours after exposure.

From both a chemical and physiological viewpoint, the lung-injurant
agents may be divided into two distinet groups: (1) the simple lung
injurants, derived from chlorine; and (2) the toxic lung injurants, derived
from arsenic. The first group acts only locally on the pulmonary system,
while the second group exerts an additional systemic poisoning effect
by virtue of the arsenic which they contain,
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Chiorine (Cl,)

French: “ Bertholite™

Chlorine was the first gas used on an effective scale in war. It was
employed by the Germans against British and French Colonial troops
st Ypres, Belgium, on Apr. 22, 1915, when 168 tons of chlorine were
refeased from 5,730 cylinders on the front of 6 kilometers. It was effee-
five to a distance of 5 kilometers downwind and caused 15,000 casial-
ties, of which 3,000 were fatal,

During the war chlorine was the principal gas used for cloud-gas
attacks. At first, when the Allies had little or no means of protection,
it was a very effective weapon and caused many thousands of casualties,

appearance in the World War, are:

f Introdured l

Agent e | Date

Simple lung imjurants
Chlorine. ........._.......... | Goermans T.\pril 22, 1015
Merhylsulfuryl ehloride. ... ... .. : i Germnn= | June, 1915
Erhyvlsulfuryl chloride ceee o French dune, 1915
Monochlormethylebloroformate, . . . Germans | June 18, 1915
Dimethyl sulinee. ... ..., . ....0 Germans | August, 145
Perchluormethylmereaptan. ... ... .. .. Frenels September, 1915
Phosgene, . ..., ..., . ... .... Germans | Dee, 19, 1915
Trichlormethvlchlormformate. . ... .., Germans | Mav 19, 1014
Chlorpierin_ ... ... ... ... PP Russisns | Angust, 1016
Phenvlearbylamine chlovide, ... ... ... Germans | May, 1917
Dichlordimethyl ether, .. .. ... ... .. Germans | Janoary, 1618
Dihromidimethyl ether. .. ... ......| Germans

Toaxie lung injurants

—

Phenyldichlorarmsine. ... ............] Germans | September, 1917
Ethyldiechlorarsine. .. .. ..., ..., .. Germang | March, ip18
Phenvidibromarsine . .. ............. | Germans |E-repte:1l'm*r, 1918

Later in the war, when troops were protected with masks, the effective-
ness of chlorine was greatly reduced. However, in mixtures with other
gases, such as phosgene and chlorpierin, it continued to be used through-
ot the war,

At ordinary temperatures and pressures, chlorine is a greenish yellow
volatile gus with a pungent odor and caustic poisonous characteristics.
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It 18 readily liquefied by moderate pressure {6 atmospheres) at ordinary

temperatures (70°F.). When liquid, it has a specific gravity of 1.46 and,
when a gas, it is 2.5 times heavier than air, so that when released as a
vloud 1t elings well to the ground as it travels downwind. One liter of
liquid chlorine at 25°C. will yield 434 liters of chlorine gas. Since
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CrArT IX.—Electrolytic manufacture of chlorine (Rnw sheet).

rhlorine hoils at —33.6°C. (—28.5°F.), it readily vaporizes at ordinary
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temperatures and escapes with vigor from its container, so that it is well
adapted for cloud-gas operations from cylinders, and this was its prin-
cipal mode of employment during the war.

Chlorine is manufactured by the electrolysis of common salt (NaCl),
as indicated on Chart IX, and is widely used in enormous quantities in
indistry.  In the presence of moisture it is extrnordinarily reactive.
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attacking alimost ull metals and organic substances.  This is its principal
disadvantage as a chemical agent, as it is very easily neutralized.
Although extremely soluble in water, chlorine does not hydrolyze readily
aid, when strietly anhydrous, it does not attack iron and steel =o that 1t
may be kept in such containers indefinitely.

Physiologically, chlorine is clussified as a lung-injurant agent. It
also canses a marked irritation of the conjunetiva and the mucous mem-
hranes of the nose, larvnx, and phurynx.

Coneerning the physiological effeets of chlorine upon the human body,
Gilehrist MRV

The progressive physiologival setion of ehlorine in mnn s well nsin animals iy
b sinmmarized as follows:

L. Ir stimulates the sensory nerves and produces severe pain and spasm of the
muscular walls of the bronchi, thus narrowing their lnmen and rausing & gasping fur
hreath., The muscular spasm soon relaxes and breathing becomes easier.

7. Obstruction of the bronchial tubes by an inflammatory exndate, due to the
irritation of the gas.

3. A flooding of the pulmonary air sacs by serous effusion, with resulting ederin
and interference with gaseous exchange of respiration,

4. A disruptive emphysema of the lungs and of the subcutaneous tissnes, due 10
rontinuous coughing, and the rupturing of many of the alveolar cells, resulting in the
passage of the air into the tissues of the lungs and into the tisunes of the neck.  Buchn
condition interferes with normal respiration and leads to a certain degree aof naphyxin.

The lethal concentration of chlorine for 30 minutes’ exposure is 2.53
mg. per liter; and for 10 minutes’ exposure, 5.6 mg. per liter,

Chlorine possesses many of the tactical and techuical requirements
of an offensive battle gas, as discussed in Chap. I, page 47. Thus it is:

Fairly toxic (5.60 mg. per liter iy lethal after 10 minutes).
Nonpersistent (5 to 10 minutes in the openl.
Immediately effective (few minutes of exposure).
Extremely volatile {19,369 mg. per liter).

Raw materials-available in unlimited quantities,
Easv to manufarture.

. Chemically stable {when rompletely anhvdrous).
8. Nonmhvdrolvzahle,

9. Not decomposed under shock of explosion.

10. Of low boiling point (—34.6°C.) (—30.3°F.).

11. Of high vapor pressure.

12. Of specific gravity 1.4,

13. Of high vapor density {2.5).

™A LR -

The chief disadvantage of chlorine is its great chemical activity
which makes it easy to protect against.

As chlorine is the basis for the manufacture of nearly all chemical
agents and is readily available in enormous quantites in industry, 1t will
always be a potential chemical-warfare threat against any nation whose

151
armed forces are not protected against it. However, since present-day
gas masks afford complete protection against chlorine and since there
are so many more effective combat gases now available, there is little
likelihood that chlorine will figure as a chemical agent in any future war
between first-class powers.

Methylsulfuryl Chloride {C1S0),CH,)
Methyl Chlorsulfonate

The great success obtained by the Germian cloud-gas attacks in April
and May, 19135, at once suggested the use of gas in other wavs, such ax
in grenades, trench-mortar bombs, and artillery. shell.  Sinee chlorine
was too volatile to be loaded into projectiles, a search for a suitable gas
for this purpose was begun on both sides.

The first ecompound to be successfully used in projectiles* was methyl-
sulfuryl chloride, introduced by the Germans in June, 1915, This
compound was filled into trench-mortar bombs and hand grenades, but
was never employed in artillery shell.
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Methylsulfuryl chloride is obtained by the action of sulfuryl chloride
on methyl aleohol and is a transparent viseid liquid, of 1.51 specific
gravity, which boils at 133°C. (232.4°F.), yielding a vapor 4.5 times as
heavy as air, which lacrimates in concentrations as low as 1:750,000
(0.008 mg. per liter). It has a very irritating effect on the conjunctiva
and respiratory organs which becomes intolerable when the concentration
rises to 0,050 mg. per liter. A concentration of 2.00 mg. per liter is fatal
on 10 minutes’ exposure, death being caused by lung edema a= in the
case of chlorine and phosgene poisoning. Its volatility at 20°C. s
60.00 mg. per liter,

Methylsulfuryl chleride was used only a short time, being replaced
in the summer of 1915 with K-Stoff.

Ethylsulfuryl Chloride (CISO;C.H)
French: “Sulvanite "

About the same time that the Germans brought out methylsulfuryl
rhloride, the French countered with the ethyl compound, as a filling for
nrtillery shell, under the name “Sulvanite.”

Ethylsulfuryl chloride is similarly obtained by acting on ethyl aleohol
with sulfuryl chloride and is a colorless liquid, of 1.44 specific gravity,
which boils with some decomposition at 135°C. (275°F.), yielding a vapor
which lacrimates in concentrations as low as 1:1,000,000. A concen-
tration of 0.050 mg. per liter is intolerable and a concentration of 1.00
mg. per liter is toxic.

* The earlier use of xylyl hromide (T-8toff) in artillery shell on the Rusgian Front
in January, 1915, was unsuccessful.

Compared to mpth}*isulfur}rl:gﬁlﬂride, the ethyl compound v more
laerimatory and toxic, but is less volatile, so that the rombat values of
the two are probably about the same.

Neither of these compounds played a role of any importance in the
war! they miark a milestone in the race for a more effective lung-injurant
agent and are of hixtorieal interest only,

Chlormethylchloroformate (CICOOCH,C1)
Frencli: “Palite”; German: “ K-Stoff,” “C-Stoff '

Thix substance, known ax “RK-Stoff " when used in shells and
“(C-Stoff” when used in trench mortars and projector hombs, was first
used by the Germans in June, 1913, in an effort to find a chemiral agent
more effective than chlorine,

K-Stoff is & mixture of the tnrompletely chlorinated methyl esters
of formic acid (70 per cent CICOOCH.Cl and 30 per cent ClCO0-
CHCly) and is a clear liquid, of 1.48 specific gravity, which boils at
1.09°C. (228.2°F.), yielding a vapor 4.5 times heavier than air. It has an
ethereul odor, is somewhat lacrimatory, and hydrolyzes easily when
warm and even when cold in the presence of alkalies, yielding formalde-
hyde, earbonic acid, and hydrochloric acid. Itz vapor pressure at 20°C.
(68°F.) is 5.6 mm. Hg.

Chlormethylehloroformate is prepared hy first acting on phosgene
with methyl aleahol to obtain methylehlorofurmate as follows:

COCly + CHy(OH) = CICOOCH, + HCl

and then chlorinating this ester in the presence of strong light, so that
¢hlorine progressively replaces the hydrogen atoms of the methyl group,
yielding monochlormethylehloroformate (CICOOCH.CL) and dichlor-
methylchloroformate (CICOOCHCL,).

In concentrations of 1:100,000 (0.0528 mg. per liter), K-Stoff canses
slight lacrimation, while a concentration of 1.00 mg. per liter ix lethal on
30 minutes' exposure,

It is, therefore, about five times more toxic than chlorine, but only
ahout half as toxie as phosgene and diphosgene, so that, while it was «
great improvement over chlorine when first used, it was soon displaced
by diphosgene and chlorpicrin when these more powerful compounds were
introdueed.,

Dimethyl Sulfate ((CH,},S0,)
German: " D-8toff’’; French: *““ Rationite”’
The question of who first used this compound as a chemical agent in
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Thus, Dr. Hanslian
153

says thig substance was introduced by the Germans as a filling for
artillery shell in August, 1915, under the name of *D-Stoff”: the reports
of the Allies” laboratories which analyzed the contents of these early
Ciermann 1) shells show that dimethyl sulfute was an ingredient of their
vhemneal eontents. On the other hand, Dr. Mueller (21, page 96)
viphatically dentes the German use of this compound and explains the
<ituation thus;

the late war is somewhat uncertain.

The oft-repeated statement to the efeet that dimethyl sulfate had heen nsmi
experimentully by the Germans as carly as in 1915 18 not true. [t is to he explained
biv the faet that methylsalfuryl ehlornde used at that time temporarnly was slightly
polluted with a few per cent of Jdimethyl sulfate, and the impurities =till clung o
the commervial produet after its manufacture.  Under no eireumstances was dimethvl
sulfate purposely added.  Those concerned with such matters would never have
e Bo ile se,

Whether or not the early German use of dimethyl sulfate was deliber-
ate or accidental, it 15 clear that no one at that time really realized the
true combat value of this substance, Thus, it is not only a good lacri-
mator and very toxie, but i1s also a fairly powerful vesicant. These
properties were later discovered by the French and dimethyl sulfate was
adopted by them as a filling for artillery shell and hand grenades in
September, 1918, under the name of *‘ Rationite.”

Dimethyl sulfate is produced by acting on fuming sulfuric acid with
methyl alecohol and distilling in vacuo. Before the war it was used in
industry as a methylating agent for amines and phenols and as a reagent
for detecting coal-tar oils,

[t 1s a colorless nily liquid, of 1.35 specific grauvity, which hoils at
I88°C. (370.4°F.), yielding a vapor 4.4 times heavier than air with a
faint udor of onions.

At ordinary temperatures (68°F.), its volatility is only 3.3 mg. per

liter, which iz low for o lung injurant but high for a vesicant. Dimethy)
sitlfute 1% very readily decomposed by water so that its vapors quickly
conibine with moisture in the air to form sulfurie acid. This is one of the
chief defeets of this substance as a chemical agent.

Dimethyl sulfate is & powerful irritant to the mucous membranes,
especially the conjunctiva and respiratory system. Its direct toxie
action is exerted against the lungs in a manner very similar to that of
chlorine, resulting in bronchitis, pneumonia, and lung edema. A con-
centration of 0.50 mg. per liter is fatal on 10 minutes’ exposure. It is,
therefore, about s toxic as phosgene. In lower concentrations it exerts
# currosive action on the skin, resulting in a peculiar analgesia of the skin
which is said to last for six months after exposure. For this reason, it
may also be regurded as a vesicant agent.

. , 154 : , :
The limited use of this compound during the war did not definitely

establish 1tz combat value. However, the high degree to which it is
decomposed by water, and even by the moisture in the air, would require
that any tactical effeets produced be secured by the vapors directly upon
the bursting of the shells before these vapors are decomposed by the
moisture in the air.  This =0 greatly mits the combat effectiveness of
this substance as to raise a serious question regarding its future value
n= a chemical agent, particularly =ince other more toxie and more vesicant
compounds have been discovered.

Perchlormethylmercaptan (SCCL,)
Carbon Tetrachlorsulfide

Duaring the summer of 1915, while the Germans were experimenting
with halogenated esters, the French conceived the idea of utilizing
perchlormethylmereaptan as a chemieal-warfare gas, and this substanee,
which was introduced by the French in the battle of the Champagne in
September, 1915, constituted the first use of gas shell by the French
.-"i.m'ljﬁ-

Perchlormethylmercaptan may be obtained by the direct chlorination
of methylmercaptan (CH,SH) or by passing chlorine into carbon disulfide
in the presence of a small quantity of iodine as a chlorine carrier. The
resulting product is a light yellow liquid, of 1.71 specific gravity, which
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boilx at 149°C. (300.2°F.), yielding a vapor 6.5 times heavier than air.
It lacrimates in concentrations as low ax 0.010 mg. per liter and is intoler-
able at 0.070 mg. per liter. A concentration of 3.00 mg. per liter is
lethal on 10 minutes’ exposure, which makes it about one-sixth as toxie
as phosgene.

Perchlormethylmercaptan has the following disndvantages as a chemi-
cal agent

1. Rather low toxieity.

2. Warning odor which hetrays ite presence hefore toxic effects are produced,

3. Decomposes in the presence of iron and steel.

4. Charcosl easily fixes its vapors and furnished complete protection against it.

For these reasons, this compound was soon abandoned in favor of
other more effective substances and is not likely to be used agnin as
chemical agent. Commenting on this gas, Izard (23) says, “Its utiliza-
tion had no other object than to realize a provisional solution.”

Phosgene (Carbonyl Chloride) (COCl,)
French: *Collongite'’; German: “ D-Stoff"”’; British and American: CG

Phosgene was the second toxic gas to be used in large quantities
during the war. It was first employed by the Germans, mixed with
chlorine, in a cloud-gas attack alé;.::lﬁt- the British at Nieltje, in Flanders,
on Dec. 19, 1915, when 88 tons of gas were released from 4,000 eylinders
nnd produced 1,069 cazualtives, of which 120 were fatal,

In February, 1916, phosgene was adopted as an artillery-shell filler
by the French in retaliation for the German K-Stoff shell. Throughout
the remainder of the war, this gas was the principal offensive battle gas of
the Allies, being used in enormous quantities in cylinders, artillery shell,
trench mortars, bombs, and projector drums.  More than 80 per cent of
gus fatalities in the World War were caused by phosgene, Concerning
the use of phosgene in the World War, see Table XVII, pages 663 f.

Phosgene was known to chemists for over a hundred years before the
World War, being first made by the British chemizt John Davy in 1812
by the resction of carbon monoxide and chlorine in the presence of sun-
light. At the beginning of the present century, phosgene wax used
extensively as an intermediate in the dye industry and had been manu-
[actured on & considerable scale for many years in Germany.  With its
well-known toxic properties und its ready availability in large quantities,
phosgene was a logical chioice of the German chemists for a nore powerful
substitute for chlorine when the Allies had equipped themselves with
masks that afforded adequate protection against chlorine.

At ordinary temperatures and pressures, phosgene is a colorless gas
which condenses at 46.7°F. to a colorless liquid of 1.38 specific gravity.
Above 46.7°F., phosgene immediately evaporates, although at a slower
rate than chlorine, and gives off a transparent vapor, 3.5 times heavier
than air, with a stifling, but not unpleasant, odor resembling new-mown
hay.

Aside from its characteristic odor, phosgene may also be detected in
the field by its so-called tobacco reaction, by which is meant that men who
have breathed only very slight amounts of phosgene experience n peculiar
flat metallic taste when smoking tobacco. Certain other gases, such as
HCN and sulfur dioxide, however, also have this effect and must he is-
tinguished from phosgene by their very different odors.

Chemically much more inert than chlorine, phosgene is a very stable
compound and is not dissociated by explosion of even strong bursting
charges. When dry, phosgene does not attack iron and may, therefore,
be kept indefinitely in iron and steel containers. It is, however,
extremely sensitive to water, in contact with which it quickly breaks
down into hydrochloric acid and carbon dioxide, according to the
equation

COCly + H:O = COy + 2HC!)

Hence, even if slight traces of water are present in loading phosgene into

shell, the hydrochloric acid formed will attack the shell walls and gen-
136

erate dangerous pressure in the shell; if sufficient hydrochlorie acid ia

formed, 1t will eventually destray the shell. Because of its rapid hydroly-

<is in the presence of water, phosgene cannot be rfliciently employed in
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very welt weather.

While phosgene boils at 46.7°F., which is considerably below ordinary
<ummer temperatures, its rate of evaporation is so slow that it has to be
mixed with equal quantities of chlorine in order to sct up ratisfactory
cloud-ga= conecentrations in the field.  This was the manner in which
phosgene was employed in cloud-gas attacks throughout the war.

The toxicity of phosgene is over ten times that of chlorine, a concen-
tration of 0.50 mg. per liter being fatal after 10 minuter’ exposure, In
higher concentrations, which are often met in battle, one or two breaths
may be fatal in a few hours,

Phosgene appears to exert its physiological and toxic effects chiefly
through the medium of its hydrolysis products—hydrochlone acid and
rarbon dioxide. Its effects upon the upper air passages of the body,
where moisture is relatively small, is therefore comparatively slight.
With prolonged breathing, however, sufficient phosgene i3 decomposed in
the bronehi and trachea to produce marked inflammation and corrosion.
These effects reach their maximum in the alveoli where the air i satu-
rated with water.

Unlike chlorine, phosgene produces but a slight irritation of the
<ensory nerves in the upper air passages, =0 that men exposed to this gas
are likely to inhale it more deeply than they would equivalent concen-
trations of chlorine or other directly irritant vapors. For this reason,
phosgene is very insidious in its action and men gassed with it often have
little or no warning symptoms until too late to avoid serious poisoning,
Generally, the vietim first experiences a temporary weak spell, but other-
wise feels well and has a good appetite. Buddenly he grows worse, and
death frequently follows in a few days.

Concerning the physiological action of phosgene, which is typical of
the lung-injurant agents, General Gilchrist RAYH!

After gassing with phosgene there is irritation of the trachea or bronchi; coughing
i» not a prominent swymptom, and disruptive emphysema s practically never seocu.
After modersle gassing, a man may feel ahle to carry on his work for an hour or two
with slight symptoms, but he may become suddenly worse, may show evidence of
extreme cyanosis, and subsequently may pass into collapse. There are records of
men who have undergone a phosgene-gas attack and who seem to have suffered
slightly, but have died suddenly some hours later upon sttempting physical effort.

Pulmonary edema appears very early. This edema is at firat nonceliular but,
after ahout five hours, leucocytes are found, and later the exudate is rich in cells.
After inhalation of phosgene, red blood cells are seldom found in the exudate; later
fibrin appears. Physical examination at this time reveala focal putches of broncho-
pneumonis. At the height of illness edema is the outstanding condition. After the
second or third day, if death does not IJIE!.";?I‘[, the edema fluid is resorbed wnd revovery
follows, barring complication of the bronchopneumonie process.

The important immediatne effects of phosgene are practically limited to the lungs.
These changes consist of dumage to the capillariea, Thin damage may be noted a
half hour after gassing. The eapillaries in the walla of the alveoli are markedly con-
stnicted mnd appear collapsed.  Later they become dilnted and engorged with hlool,
and hlood stasim in the rule. Frequently thrombi form and block the eapillories for
st distance, wlirh increnses the blood stasis,. This dilation nnd blood stasis in
the enpillaries is the main ¢ause of pulmonary edema; the latter progresses mpidly
fram this time on.

A number of theories have heen advanced to explain the production of edena.
The preponderance of evidence ns to the cause of the edema following phosgene
gassing i that it i= due to loeal injury of the endothelial eclls which results in
an incrensed capillary permeability; the other changes in the bloed and in the cireula-
tion are secondary to the trauma sustained by the capillary wall,

The injurious effects of phosgene are materially increased by physical
exertion. Frequently those parts of the lungs= which have not been
damaged by the gas would be sufficient for breathing purposes if the hody
were at rest, but they are not sufficient while the body is in motion, par-
ticularly in view of the excess carbonic acid which iz formed in the body
by the decomposition of the phosgene.

Phosgene iz manufactured in industry by the original process of
direct synthesis of chlorine and earbon monoxide, as indieated in Chart
X. The only change from the original process of making it is the sub-
stitutiog of & catalvst {animal charcoal) for the action of sunlight.

Compared to chlorine, phosgene has the following advantages as a
chemical agent. It is:

1. Far more toxic (0.50 mg. per liter at 10 minutes).

2. A little lesa volatile and more permistent.
3. Greater vapor density (3.5).
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4. More insidious in retion,

5. Chemically more inert and, thercfore, wore difficult to neatralize and protect
agrinst.

The principal disadvantages of phosgene are its slower physiologieal
action on the body and its inability to discharge itself from eylinders at a
sufficient rate for cloud-gas attacks,

In addition to the foregoing, phosgene is relatively easy to protect
agrinst and for that reason would prohably be displaced in the future by
gases of greater toxicity and more difficult to neutralize.

Trichlormethylchloroformate (Cl1COOCCL,)
German: “ Perstoff ””; French: ' Burpalite'; Bntish: * Diphosgene "

This gas was first used in the World War by the Germans at Verdun
in May, 1918, in retaliation for the French phosgene shell which were

introduced in February, 1918.
108
Trichlormethylchloroformate is the completely chlorinated methy!
eater of formic acid and is obtained by completing the chlorination of the
monnchlormethylehloroformate (K-Stoff). In studying the chlorinated
methyl esters of formie acid, the German chemists found that their

toxie properties increased, while their lacrimatory powers decreased, with
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Crart X.—Catalytic manufacture of phosgene (Row sheet).

the addition of chlorine atoms in the methyl group of their molecular
structures. Thus, diphosgene, which contains the maximum chlorine
atoms, was found to be the least lacrimatory but the most toxic of these
compounds and was for that reason substituted for K-Stoff as the
standard German nonpersistent lethal gas for shells. An analysis of the

gas casualties of the late war indicates that, on the basis of the total
159

number of fatalities, diphosgene was the principal killing gas used in
shells during the war,

Trichlormethylehloroformate iz an oily liquid of specific gravity 1.65
and a disagreeable suffocating odor. It boils at 127°C. (260.6°F.), giving
off a dense whitish vapor 6.9 times heavier than air, which persists on
open ground about 30 minutes. At 20°C, (68°F.), its volatility iz 26.00
mg. per liter, When heated to about 350°C. (662°F.) or upon contact
with moisture, as in the tissues of the body, trichlormethylchloroformate
breaks down, yielding two molecules of phosgene, thus: CICOOCCl, =
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200C1., from which it received its English name—diphosgene. Under
ordinary conditions of temperature and pressure, it hydrolyzes slowly,
ultimately yvielding carbonie acid and hydrochloric acid, according to the
following equation:

CICOOCCI: 4+ 2H.0 = 2C0, 4+ 4HCI

Because of its high boiling point and the fact that in its primary form
it 12 relatively inactive physiologically, diphosgene is peculiarly adupted
for shell filling. Unlike phosgene, which requires artificial refrigeration
to keep it below its boiling point during filling operations, diphosgene can
be filled into shells in the field, the workmen requiring no other protection
than gas masks. Thiz was of great advantage to the Germans during the
war n~ it enabled them to fill shell close behind the front lines, and the
filled =hell thus required the minimum transportation, handling, and
storage. Because of this fact, the Germans were able to use all sorts of
H.E. shell fdr gas by the simple expedient of cementing the joints in the
shells, while the Allhes, whose shell were filled far from the front and had
to withstand much rough bandling and long storage, could not suecess-
fully use cemented gas shell, because of leakage difficulties,

The toxicity of diphosgene is about the same as that of phosgene.
In fact, it is probable that the toxicity of diphosgene is not a specific
property of that compound, but is derived from the phosgene molecules
into which it decomposes in the tissues of the body.

The German chemist, Haber |, quoting the work of Flury, gives the
toxicity index of diphosgene as 500, as compared to 450 for phosgene.
For a 10-minute exposure, this ig equivalent to a concentration of 0.050
mg. per liter of diphosgene and (:045 mg. per liter of phosgene. Amer-
ican determinations, however, show that the minimum lethal conecen-
trations of phosgene for a 10-minute exposure is 0.50 mg. per liter which
is over ten times the German figure. Many reasons have been advanced
to account for the large discrepancy in these figures, such as that Flury's
determinations were on cats which were subsequently found to be
peculiarly sensitive to phosgene and diphosgene concentrations. The
cats were also said to be undernourished, which still further increased

their susceptibility, However, regardless of the differences in specific
toxicity of phosgene and diphosgene, as between the different nations, all
agree that there are no pereeptible differences in the phystological effects

of these two compounds= and that they are substantially equal in toxicity.
As phosgene was the choice of the Allies for a standard nonpersistent

lethial gax, while the Germans wsed diphosgene, it is interesting to com-
pare relative merits of these two eompounds as chemical agents.

Both have about the same toxieity and physiological effects on men
andl animals.  Diphosgene is about three times as persistent as phosgene,
having an opeo-grownd persistency of 30 minutes against 10 minutes for
phosgene, =0 that diplosgene would not be classed as a nonpersistent
gns under our present <ystem of classifieation, which regards all agents
having an open-ground persistency greater than 10 minutes as persistent.
However, the preseut limit of 10 minutes for nonpersistent gases is some-
what arbitrary and, from a tactical standpoint, it is believed that a
persistency of 30 minutes i not too great for a nonpersistent gas. The
main econsideration governing the length of time a nonpersistent gas can
be allowed to remain on the target area ix the time required for the
attacking infantry to traverse the ground between their jump-off lines
and the enemy’s front line. Under the most favorable conditions, with
the jump-off line only 800 yd. from the enemy’s front line and maximum
rate of advance under fire (100 yd. in 4 minutes), this will not be less than
32 minutes, so that a gas which would not persist for over 30 minutes
would be suitable for use in offensive opelations.

Within the limits of permissible persistency, the nearer this limit
is approached by an agent, the easier it is to maintain effective concen-
trations in the field; thercfore a persisteney of 30 minutes is an advantage
over a persistency of 10 minutes, so that diphosgene has the advantage in
this respect. On the other hand, phosgene is more volatile than diphos-
gene and higher field concentrations can be effected with phosgene.

The speed and duration of the casualty effects of both phosgene and
dliphosgene are about the same, but phosgene has the advantage of being
more insidious in action, as diphosgene is somewhat lacrimatory and
gives a noticeable warning in concentrations of 1:200,000, azs compared
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to 1:100,000 for phosgene. The odor and wvisibility of phoxgene and
(iphosgene are very similar and almost equal, the latter heing somewhat
more pungent and visible in clond formation than the former.

Phosgene is made by the direct synthesis of CO + Cl, whereas diphos-
gene requires the following additional steps:

1. Formation of methyvlchloroformate from phosgene and methyl alechol by
renction with calcium carbonate,

2. Formation of diphosgene from methyvlehloroformate by the reaction of chlorine
hy the action of electricity (ultraviolet rays).

16

Special title-lined reaction vesgéls are also required for the manu-
facture of diphnsgene which considerably complieates its production in
large quantities.  Phosgene is thus far casier to manufacture than diphos-
gene, and it was primarily on thiz account that the Allies chose phosgene
as their standard lethal agent.

Phosgene is chemically more stable than diphosgene and withstands
explosion without decomposition, although diphosgene is first resolved
into phosgene by dissociation. Owing to its higher boiling point and
relatively inert physiological action in itz primary form, diphosgene is
far easier to fll into shell, but, on the other hand, it eannot he used for
cloud-gas attacks ax can phosgene.  Finally, diphosgene vapor is more
than twice as heavy as phosgene, which gives it greater ground-clinging
and searching values in the field.

Chlorpicrin (Nitrochloroform) (CCl;IN()4)
British: “Vomiting gas™"; French: " Aquinite”’; German: “ Klop "

The next lung-injurant gas to make its appearance in the World
War was chlorpierin.  This gas was first used in battle by the Russians
in August, 1916, and wax subsequently employed by both Germany and
the Allies, alone or mixed with other combat substances, in artillery
shells, trench-mortar bombs, and in cylinders for cloud-gas attacks.
Indeed, chlorpicrin appears to have been the most widely used combat
gas in the war, although the total amount used was probably less than
that of phosgene and diphosgene,

Like chlorine and phosgene, chlorpicrin was a well-known chemical
substance before the World War. It was discovered by the English
chemist, Stenhouse, in 1848, and its chemical and physiological properties
had been carefully studied many years during the nineteenth century.

Chlorpicrin is a colorless oily liquid, of 1.86 specific gravity, which
boils at 112°C. {231.5°F.), giving off a pungent irritating vapor, 5.8 times
heavicr than air, and having a sweetish odor resembling that of flypaper.
Kven at ordinary temperatures chlorpicrin evaporates very rapidly,
and its vapor pressure is quite high, e.g., at 20°C, (68°F.) it amounts to
18.3 mm. Hg. Its volatility at 20°C. (68°F.) is 165.0 mg. per liter.
Chlorpicrin may therefore he used in cylinders for cloud-gas attacks if
mixed with chlorine. Mixed with 70 per cent chlorine, chlorpierin was
used in a large number of British gas attacks under the name of ' Yellow
Star gas."”

_ Chemically, chlorpicrin is quite a stable compound. It is almost
insoluble in, and is not decomposed by, water; it does not combine readily
w:ith cither acids or alkalies. Owing to its chemical inertness, chior-
pterin does not react with a.fl:,:a of the chemicals in the gax-mask

&

canister and 18 removed from the air passing through the canister by
the charcoal alone. It is therefore one of the most diffieult of the war
gases to protect against. Owing to this fact, the protection afforded
by gas-mask canisters is usually rated in accordance with the number
of hours it will protect against ordinary field concentrations of
vhlorpicrin.

Chlorpicrin is rather easily manufactured by the direet chloriiation of
pieric aeid. In practice, the reaction is carried out by injecting live
~team into an agueous solution of bleaching powder and pierie avid,
as shown on Chart X1.  The yield is 114 per cent of the volume of picric
neid employed. Bince large amounts of picric acid are used in industry
mnd for high explosives and, sinee bleaching powder is easily obtainable
everywhere, the raw materials necessary in the manufacture of chlorpicrin
are readily available. This fact and the ease of manufacture undoubtedly
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aceount for the widespread use of chlorpierin during the late war.

As a war gas, chlorpicerin has a number of desirable offensive proper-
ties. Like chlorine and phosgene, it ix & lethal compound which acts
primarily as a lung injurant. In toxicity, it is intermediate betwecen
chlorine and phosgene, as indicated by the following comparative figures:
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LETHAL CONCENTRATIONS

Expasure, Chlorine, Chlorpierin, Phosgene,
minutes ing. per liter mg. per liter mg. per liter
i 1
o . =
10 | 5.60 2.00 | 0.50
30 2.53 ' 0.80 0.36

In addition to it< lethd] (lung-injurant) effects, chlorpierin is also a
strong lacrimator, and hax the additional advantage of being eapable
of prnetrating gas-mask canizters that are resistant to ordinary acid gases,
such ax chlorine and phosgene. The injurious effeets of chlorpierin also
extend to the stomach and intestines, causing nausea, vomiting, colie, and
diarrhea.  These conditions are difficult to combat in the field and often
persist for weekn so that even slight eases of chlorpierin gasking frequently
involve large casualty losses.

The main tactical idea in using chlorpicrin, aside from its toxic effect,
was to penetrate the mask and produce an intolerable irritation of the
eyes, as well as coughing and vomiting from nausea. These effects are
sufficient to cause masked troops to remove their masks and thus expose
themselves to even more lethal gases, such as phosgene, which would
be put over with the chlorpicrin.

The principal disadvantages of chlorpicrin are ita relatively low
toxicity, as compared to =ome of the later war gases, and the fact that it
decomposes upon heating and when subjected to too high an explosive
shoek. Notwithstanding this latter peculiarity, the results of the late
war showed that chlorpicrin could be suceessfully used in artillery shells
if the bursting charges were properly adjusted to this filling. Another
factor limiting the general usefulness of chlorpierin is its rather high
persistency.  On open ground chlorpicrin has a persistency of about
3 hours, which would preclude its use on the tactical offensive in ordinary
sitnations,

Owing to the foregoing disadvantages and limitations, the fact that
modern gas masks generally furnish adequate protection against chlor-
pierin, and the further fact that much more powerful and effective lethal
agents were used in the late war and would be in all probability used in
any future war, the future role of chlorpicrin as a war gas is at least
uncertain, with the probabilities rather against its future use.

Phenylcarbylamine Chloride (CsH CNCl,)
Phenylisocyanide Chloride
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This compound, introduced by the Germans in May, 1917, was the

last of the simple lung-injurant agents to be employed by them in the
1 [ 64 .

World War. Two months later they bhrought out two entirely new and

radically different types of agents—the vesicants (Yellow Cross), of

which mustard gas was the prototype, and the stermutators (Blue Cross),

of which diphenylehlorarsine was the prototype—and thus changed the

whole character of gas warfare.

Phenylearbylamine chloride was the culmination of an attempt to
produce n more persistent and enduring lung-injurant agent, so as to
enable coneentrations to be maintained in the ficld for such a length of
time as to exhaust the current types of gas-mask canisters.  Later it was
used in shoots with mustard gas to mask the presence of the latter,

Phenylearbylamine chloride is produced by chlorinating phenyl
mustard oil (CcH;NCS), derived from the action of earbon disulfide on
nniline. The product is a transparent liguid, of 1.35 specific gravity,
which boils at 210°C. (410°F.), yielding a vapor 6.0 times heavier than air,
[tz volatility at 20°C. (68°F.) is 2.10 mg. per liter. Its lowest trritant
concentration is 0.003 mg. per liter; it lacrimates at 1: 1,000,000 (0.0072
mg. per liter); it is intolerable at 0.025 mg. per liter; and a concentration
of 0.50 mg. per liter is lethal on 10 minutes’ exposure,

Phenylcarbylamine chloride was used chiefly in shells for the 10.5-
em. light field howitzer (without a mark) and 15.0-em. heavy feld
howitzer {(marked 1 Green Cross — variation). Owing to its low
volatility, it was very persistent, and for that reason could not be used on
the tactical offensive. JMoreover, its low vapor pressure often prevented
effective concentrations from being realized in the field. Altogether,
about 700 tons of this gas were fired by the Germans from the middle of
1917 to the end of the war and, while this gas was a fair
lacrimator and was moderately toxie, it failed to achieve any noteworthy
It was not considered of much value by the Brtish and the
reason for its use by the Germans is not apparept, since they already had
far more effective lung-injurant agents (e.g., diphosgene and chlorpicrin).

S reRs,

Dichlordimethyl Ether ({CHCl).0)
Dibromdimethyl Ether ((CH,BR).0)

Dichlormethyl ether is one of the lesser combat substances used by the
Germans, usually in mixture with ethyldichlorarsine, It was introduced
in January, 1918, and was utilized to increase the volatility of ethyl-
dichlorarsine, which was brought into use about the same time,

Dichlordimethyl ether i3 a colorless liquid, of 1.37 specifie gravity,
which boils at 105°C. (221°F.) and has a volatility of 0.180 mg. per liter
at 20°C. Its lowest effective concentration is 0.015 mg. per liter; it s
intulerable at 0,040 mg. per liter and lethal at 0.470 mg. per liter on 10
minutes' exposure,
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The bromine analogue, dibromdimethyl ether, was also used by the
Germans in the same way as dichlordimnethyl ether and, as compared to
the latter, has the following properties: it has a higher boiling point,
155°C, (311°F.), and a lower volatility (0.022 mg. per liter). It is also
less irritant, a concentration of 0.020 mg. per liter bemng required to
produce an irritating effect, while the concentrativn does not becomse
intolerable until it reaches 0.050 mg. per liter. On the other hund, it i=
more toxic since a concentration of 0.040 mg. per liter i5 lethal on 10
minutes’ exposure. It 18 also denser, having a specific gravity of 2.20.

In addition to their typical lung-injurant effeets, these two com-
pounds also exert a peculiar sclective action on the organs of equilibrivm
of the body, i.e., the labyrinth of the ear, so that the vietim stuggers and
reels and is unable to maintain his body balance. For this reason the
French rlassified these compounds in 8 separate class and called them
labyrinthic substances.

Both dichlormetnyl ether and dibrommethy! ether are more toxic
than phosgene, and this fact, together with their favorable volatilities
and the fact that they are both insidious in action, make them note-
worthy combat substances. As they do not appear to have been used
to any great extent, except in mixture with ethyldichlorarsine, their
individual values as toxie agents were not established in the war, How-
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ever, their propertics and characteristics are such as to make them of
considerahle potential value, notwithstanding the fact that they are both
rather easily decomposed by water.

Phenyldichlorarsine (CyH;AsCl,)
French: ¥ Sternite "’

The first of the forfc lung-injurant agents to appear in the World
War was phenyldichlorarsine. This gas was first used by the Germans in
September, 1917, with, and as a solvent for, diphenylcyanarsine (Clark 2)
n Blue Cross 1 artillery shell, and later by the French in & mixture with
10 per cent diphenylchlorarsine, known as “Sternite.”

Phenyldichlorarsine is a clear somewhat viseid liquid, of 1.64 specific
gravity, which boils at 252°C. (485.6°F.) giving off dense vapors 7.75
timex heavier than air. It is insoluble in water but dissolves recdily
i the usual organic solvents. It hydrolyzes readily in contact witl
water and the oxydants destroy it.

Owing to its high boiling point, phenyldichlorarsine has a very low
Vapor pressure at ordinary temperatures, being equal to only 0.0146 mm.
Hg at 15°C, (59°F.).

While the primary physiological effect of phenyldichlorarsine on men
and animals is injury to the lungs and death is usually caused by pul-
monary edema, phenyldichlorarsine also has a marked vesicant as well

I
a= a sternutatory effect on the uppel:‘ respiratory passages. lts toxicity
exeeeds that of phosgene, a concentration of 0.26 mg. per liter being
fatal in 10 minutes; its vesicant action is somewhat slower than that of
mustard gas and the resulting wounds as a rule heal more rapidly.

On the whole, phenyldichlorarsine was not used in the war to any
great extent. The prineipal idea underlying its use wos as a solveut
fur diphenylchlorarsine and to assist in the penetration of the gas-musk
cultister. A mixture of these two compounds in the proportion of 60 per
crnt phenyldichlorarsine and 40 per cent diphenylehlorarsine was used
Ly the French under the name of *Sternite.” It was elaimed that this
mixture would readily penetrate the masks then in use and, heing a
liquid, did not present the difficultios in shell filling thut attended the
fillmg with & solid diphenvylehlorarsine.

The limited use of phenyldichlorarsine in the late war did not clearly
demonstrate any marked superiority for this compound over other
organic arsenieals simultaneously employed, but it would seem from a
vonsideration of its properties that it is an agent of considerable promise.

Ethyldichlorarsine (C:HzAsCl,)
German: * Diek "’

This compound was introduced by the Germans in March, 1918, in an
attempt to produce a volatile nonpersistent gas that would be quicker
acting than diphosgene or mustard gas and would be more lasting in its
offects than “Clark” (see Chap. X). Such a gas was particularly
desired for use in the immediate preparation for and in support of infantry
attacks in the grand offensive operation planned for the spring of 1918,
and ethyldichlorarsine was the answer of the German chemists to this
demand,

The German process of manufacturing this compound was complicated
and comprised the following principal steps: (1) the conversion of ethyl
chloride into ethyl sodium arsenate by treatment with sodium arsenate
under pressure; (2) reduction to ethyl arsenious oxide by the action of
sulfurous acid; (3) conversion of the ethyl arsenious oxide to ethyl
dichlorarsine by treatment with hydrochloric acid.

The final product, when pure, is a clear somewhat oily liquid, of
1.7 specific gravity, which boils at 156°C. (312°F.), yielding a vapor 6.5
times denser than air with a piquant fruity odor. At 20°C. (68°F.), its
volatility is 100.0 mg. per liter. Although the liquid ethyldichlorarsine
15 slowly hydrolyzed by water, the vapor seems sufficiently stable to
endure for its ordinary period of persistency in the field. The hydrolysis
product, ethylarsenious oxide, is also poisonous when swallowed.
Although ethyldichlorarsine is but little soluble in water, it is soluble in
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aleohol, ether, benzene, or ethyl chloride and is destroyed by oxydants,
such as chloride of lime and potassium permanganate. Although
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cthyldichlorarsine i= a fairly powerful sternutator and vesicant agent, its
primary action on the body is as a lung injurant. [ts first efect in low
concentrations is a respiratory irritation which oceurs in coneentrations
s low ax 0.001 g, per liter after 5 minutes’ exposure. A coneentration
of 0.010 mg. per liter 18 intolerable for more than 1 minute because of the
great irritation of the nose and throat. The lethal eoncentration of
ethyldichlorarsine is 0.50 mg. per liter for 10 minutex’ exposure and
.10 mg. per Liter for 30 minutes’ exposure. Its toxicity is, therefore,
the same as phosgene for short exporures (10 minutes), but is over three
times the toxicity of phosgene for long exposures (30 minutes). In econ-
centrations as low as 0,005 mg. per liter, this gas eausex marked loeal
irritation of the eyes and respiratory tract. The effect upon the eyes and
upper respiratory tract is evanescent, while that upon the lower respira-
tory tract leads to membranous tracheitis and pulmonary congestion,
edema, and pneumonia. Arsenie is absorbed rapidly and leads to =y=-
temic arsenical poisoning, characterized by lowered temperature, atoxic
symptoms, anesthesin, and depression,

On short exposures (i.e., less than 5 minutes), ethyldichlorarsine is not
a particularly efficient irritant for the human skin. On exposures greater
than 5 minutes, however, positive burns appear which increase in severity
with length of exposure, On the basis of rapidity of action, extent of
rubefaction, =welling and edema, and time of healing, ethyldich'orarsine
18 about two-thirds as effeetive as mustard gas, but for vesication it is
only about one-sixth as effective.

Ethyldichlorarsine and its bromic analogue, ethyldibromarsine, werr
used in mixtures with the equally toxic dichlormethyl ether (21, pages 93
and 95) as fillings for the German Yellow Cross 1 or Green Cross 3
artillery shell. Fthyldibromarsine has the same physiological effects as
ethyldichlorarsine, but is less irritant and toxie than the latter and the
regson for it use by the Germans is not apparent.

Concerning the use of ethyldichlorarsine in the war, Hanslian

SAYH:

Like the Yellow Crous substance, this eomnhat substanee was ususlly not notieed
At all when it was hreathed in. It was distinguished from the Yellow Cross aubatanes
when uxed in the field by the fact that in the fimst place there was no effect on the
skin, and in the second place, the injuries to the nose, throat, and chest did not delay
for hours but appeared at the end of a few minutes. When small quantities are
inhaled, about 5 ce. for 1 minute, the victim is rendered incapable of fighting for ns
much as 24 hours as the result of dyspnea and pains in the chest, and if large quantities
are inhaled the regult is fatal. In case small amounts of the substance have already
been inhaled before the gas mask is put on, it is impossible to keep the mmask ou
becauxe of the irritation. The substance of the Yellow Cross 1 shell was not nearly
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w0 persistent on the terrain as that of the regular Yellow Croas. These shelly were
therefore saitable for gassing operations to be followed by infantry assaults. In
summer, terrain conld be entered 1 hour after the gas cloud had disapprared, and, in
winter, 2 hours after. The Yellow Cross substance No. 1 behaved, accordingly, almost
in all resipecty like the Green Cross substance and not like the Yellow Cross substapee.

There 15 no record of the casualties produced by ethyldichlorarsine,
nor any reliable 12cord by which its battle efficacy may be judged.
However, it possesses many valuable properties and charaeteristies, chief
among which are its quick action nnd low persistency which makes it
suituble as an offensive chemical agent. There is a great tactical need
for a quirk-acting nonpersistent vesicant and, while the vesicant action of
cthyldichlorarsine is secondary to its lung-injurant action, it is, never-
theless, not inconsiderable. We may, therefore, expect to find this
compound given careful consideration in any estimate of chemical warfare
in the future,

Phenyldibromarsine (C¢H;AsBr,)

Thix was the last type of lung-injurant gases of the toxic variety used
i the World War. It was introduced by the Germans in September,
1918, and there iz very little information as to its effectiveness,

The compound is a colorless or faintly yellow liquid, boiling witl,
slight decomposition at 285°C. (545°F.), and having a density of 2.1 at
15°C. (59°F.). When dispersed by heat, the fumes are slightly lacri-
matory and somewhat sternutatory, although this latter effect is very
much les< than diphenylchloramine, A concentration of 0.020 mg. per
liter is fatal on 10 minutes’ exposure; henee its toxicity exceeds that of
nny of the lung-injurant agents used in the war.
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It wa= the opinion of the Allies that phenyldibromarsine had very

little value during the war. This was no deubt due chiefly to its hugh
boiling point, low vapor pressure, and the relative ease with which
wax deernmposed in the field. However, definitive data as to the valur
of thix compound are lacking, so that no definite coneclusions can be drawn.

COMPARATIVE TOXICITIES OF LUNG INJURANTS

Az the lung injurants are compounds of relatively low boiling point~
and high vapor pressures, their volatilities are well above their lethal
coneentrations, and therefore the easualty and fatality powers of these
agent= are in proportion to their minimum lethal concentrations, Un
this baxis, the foregoing lung injurants are arranged in the descending
order of their fatal concentrations as shown on page 169.

USE OF LUNG INJURANTS IN WORLD WAR

As u group, the lung injurants were used to a larger extent than any
other type of gas and secured the bulk of the gas fatalities in the war.

L6 o

Minimum Lethal

Concentration on

10 Minutes” Expo-

Agent sure, Mg. per Liter
Phenyldibromarsine. . ............ T T e 0.200
Phenyidichloramsine ... ................ e e e eeae... 0,260
Dibromethyvlether. .. 0o r i e 0. 400
Dichlormethyl ether. . ... .. ... i 0.470
Ethvidichlornrsine ... ... ..o e 0 500
Phosgene _, T . ... 0.500
Thclr]nrmmhvh-hlu ml'nrmﬂtrv ............................... 0. 500
Dimethylsulfate. . _ 0500
Phl?m|quInI11|n|n{ lhlurnl:' ......................... 0 500,
Monochlormethvichloroformate. . .. ... o oo 1.000
Ethylsulfuryl chloride. ... . . 0 i e 1. 000
Methyvlsulfurvl chlonide. ... ... 0 o oo 2 ({0
Chlorpicnin. .. . . ) 2 .000
Perchlormethy Inu 're nptun .......... 3,000
3 1 Te o1 o1 T R S 5. 600

Thus it is estimated that, altogether a total of 100,500 tons of these ga=ex
were used in battle during the late war and caused 876,853 casualties, or
an average of one casualty per 230 Ib. of gas. While the ratio of casual-
ties to pounds of gas employed is much lower than in the case of the
vesicant gases, it must be remembered that the latter, on account of high
persistency, cannot be used on the tactical offensive, whereas the lung-
injurant agents are generally nonpersistent and may be employed in any
situation.

FUTURE OF LUNG INJURANTS

As the lung injurants were the principal nonpersistent casualty gases
of the war and are the only casualty gases suitable for use in the tuctical
offense when friendly troops are required to occupy terrain within a few
minutes after gassing, the lung-injurant agents will continue to play a
major role in gas warfare of the future.

The toxic lung injurants were but little used during the late war, and
their possibilities were not extensively explored. Their high toxicities,
dual physiological effects, and other properties are very favorable tu
offensive chemical warfare, and this field is one from which new and more
effective chemical agents may be expected to be drawn in the future.

For a summary of the properties of the principal lung-injurant agents,
see Table IV.

170
CHAPTER VIII

SYSTEMIC TOXIC AGENTS

The sy=temie toxic agents are those compounds which *instead of von-
fining their duminant action to some particular organ or part of the body,
u=ually near the point of impact, have the power to penetrate the epithel-
1al lining of the lungs without causing local damage. They then pass
into the blood stream, whenve they are diffused throughout the whole
interior economy of the body and exercise a general systemie poisoning
action which fnally rexults in death from paralysis of the central nervous
system. The systemie toxies were the third type of compounds to appear
m the World War, the firt member of the group being introduced
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July 1, 1916. The group is very small, consisting of the following con-
pounds used in the war:

!
Agent = = r;‘::“ﬁi | Date
L ]
Hydrocyanic nend . ... oo 0000 .| French i| July 1, 1918

Cvanogen bromide, ... . ... . ...,
Cvanogen chloride.
{ Phenvicarhy Inmllw rh]nnde}'

Austrinns r‘geptemlwr 1816
French | Chetober, 1916
Gerinans ]’h"[a_!. 1917

* Primartly » Iung injurani.

The systemic toxies are nonpersistent and were used taetically in the
same way and for the same purposes as the lung-injurant agents. Their
appearance and uxe in the war was also concomitant in point of time
with the lung injurants, and they may, therefore, he tactically regarded
as supplementing the lung-injurant group rather than us a separate and
distinet group of agents.  On the other hand, their physiological effeet i
quite different from that of the lung injurants and, since our classification
is based primarily on physiological effect, with the systemic toxies
assigned ax & separate subelass under the nonpersistent agents, it is
logical to treat them as a separate group.

GROUP CHARACTERISTICS

Chemically, the systemic toxics are closely related. They are all
derivatives of the compound cyanogen (CgN3) and are divided into two
classes: (1) those containing thiTr{tdicnl (—C=N), called nitriles; and

(2) those vontaining the radical (—N=C), called isonitriles or carbyl-
amines. All are commonly known as cyanides.

Physically, the systemic toxies ure all light liguids with relatively low
boiling points, high vapor pressures, and high volatilities. They arc
the least persistent of all of the combat agents.

Physiologically, they are, in general:

l. Specialized in their action on the body for, while they pervade the entire eir-
rulntory system, they act primarily on the nerve centers and cause death hy paralysis
of the central nervous system.

2. Extremely quick acting when present in lethal concentrations.
are sufficient to cause death, which oecurs within a few minutes,

3. Reversible in action below a certain eritical concentration {(about 0.030 myg.
per liter), for below this coneentration the body appears to have the power ta nen-
tralize and eliminate the poison. Hence with the systemic poisons, Haber's simple
generalization, that the degree of intoxication equals the toxic concentration times
the time of exposure, does not hold true, and an additional factor enters the equation.
This is known as the elimination factor® and is apecific for each compound, being the
quantity which the body can constantly eliminate by reversing the toxic action.
Below the eritical concentration no lesions are formed by the poison in the body.
Even after acute poisoning, few organic lesiona are found, for above the eritical con-
centration aaphyxiation is so rapid that they do not have time to form.

* Bee p. 13.
4. Of relatively low threshold of action. Thus, hydrocyanic acid is effective
down to the eritical concentration of 0.030 mg. per liter.

5. Exceedingly toxie, & concentration of 0.012 mg. per liter of hydroryvanic acid
being fatal in from 30 to 60 minutes.

6. I'nsidious in action, causing practieally no premonitory symptoms until after
serious poisoning has ensued.

Hydrocyanic Acid (HCN)
“Vincennite” and ‘' Manganite”

For over a hundred years before the World War, hydrocyanic acid was
known in industry as one of the most virulent of all poisons. During the
latter part of 1915, in the race to produce more deadly chemical-warfare
gases, it was inevitable that attention would be turned to this compound
because of its high toxicity. The French were the first to consider it
and were in fact ita only exponent during the war, Since the practical
difficulties encountered in its use in the field soon convinced the other
belligerents that this gas was not suitable for war use, it was never used
by them,

Dr. Hansliang citing & French authority, says that as
early as the end of 1915 the French had filled great quantities of gas
shells with hydrocyanic acid (Special Shell 4) and phosgene (Special
Shell 5), but hesitated to authorise their use at the front because of their

A few breaths

French:
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high degree of toxicity and lack of splinter effect. In this connection, it
will be recalled that the signatories to the Hague Conventions of 1899
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and 1907 had agreed not to use shell, the sole purpose of which was to

diffuse asphyxiating gases, and had laid down the rule that a shell in
which the toxic-gas effect was greater than the gplinter effect came within
the prohibited category. It is, however, difficult to understand the
hesitancy of the French to make use of gas shells containing hydrocyanic
arid and phosgene in view of their earlier use of gas shell filled with such
compounds as ethylsulfuryl chloride and perchlormethylmercaptan, and
the prior German use of gas shells filled with bromacetone. To be sure,
these earlier compounds were sufficiently lacrimatory to be regarded as
such, but they were also toxic enough to cause serious casualties and
deaths in ordinary field coneentrations and hence could not properly be
excluded from the class of asphyxiating shell prohibited by the Hague
Conventions,

Regardless of whatever scruples the French may have had against
the use of hydroeyanic acid and phosgene shells, they commenced their
use in 1916. The phosgene shells were first employed at the front at
Verdun on Feb, 21, 1916, and the hydrocyanie acid (Vincennite) shells in
the battle of the Bomme, July 1, 1916. In view of the superior combat
properties of phosgene, which antedated the introduction of hydrocyanic
acid, it is not clear why the French ever decided to use the latter. Per-
haps the only valid reason is to be found in the fact that the German
masks of early 1916 afforded adequate protection against phosgene, but
very little protection against hydrocyanic acid. Even this advantage,
however, was short-lived for the Germans learned of the contemplated
French use of hydrocyanie acid a week before its introduction at the
front and =oon equipped their troops with mask filters capable of holding
back this gas; These filters contained 1 gram of pulverized
silver oxide scattered through the potash layers and afforded adequate
protection against hydrocyanic acid.

Hydrocyanic acid is derived by distilling a concentrated solution of
potassium cyanide with dilute sulfuric acid and absorption of the
vapors in water. The anhydrous form used in batile was obtained by
<ubsgequent fractional diztillation from the agueous solution. When
pure, hydrocyanic acid 138 a colorless liquid, of 0.7 specific gravity, which
boils at 26°C. (79°F.), yielding a light vapor, only 0.93 as heavy as air,
with a faint odor resembling bitter almonds. The vapor is exceedingly
volatile (873 mg. per liter at 20°C.) and persists in the open only a few
minutes after release. In order to prevent the too rapid diffusion of it«
vapors in the air, hydrocyanic acid was not used in pure form but was
inixed with stannic chloride, with the addition of chloroformm as a stabi-
lizer to counteract a tendency to polymerize. This mixture was known
ax “Vincennite,"” and was used on a large scale in artillery shell by the
Fronch. Later, hydrocyanic acid was also mixed with arsenic trichloride,

173

and known_ as " Manganite.” Hydrocyanic acid is misaible with water
in all proportions, but is slowly decomposed thereby with the formation of
ammonium cyanide. Anhydrous hydrocyanic acid is extremely unstable
and 18 quickly decomposed with the formation of a black resinous
mass. However, it can be stabilized by the addition of small per-
ventages of strong acids and by dissolving it in arsenic trichloride or
stannic chloride.

According to Hederer and Istin, the toxic action of
hydroeyanic acid is typical of the protoplasmic poisons. It suspends
rertain functions of the living eells, notably oxidation. By inhibiting the
action of the respiratory ferments, it brings about a true internal asphyxi-
ation. Under its influence, the tissues beeome incapable of utilizing the
oxygen uf the blood and an analysis of the venous blood shows that in
oxygen and carbonic acid contents it is very close to the arterial blood.
With the higher animals and above all with man, it strikes the central
nervous system. After a short period of excitation, the pnewnogastrie
nerve centers, as well as the vasomotor and respiratory cemters, are
paralyzed. Then the poison, following its general action, gradually
urrests cytoplasmic oxidation, and all the tissues suffer from an acute
lack of oxygen. But, ax the nerve cells ure more sensitive than the others,
they pay first tribute to the increasing asphyxiation. Their functional
death is then shown by noisy symptoms which dominate the scene and
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mask the divers accompanying troubles,

Hydrocyanic acid is one of the most virulent poisons known. When
injected under the skin 0.05 gram is lethal and Vedder (25, page 186) sayx:
“The lethal dose by respiration is usually believed to be less than the
nbove and our figures confirm thix view.”

However, unlike most toxics, the poisoning effect of hydroeyanic acid
ix not cumulative, so that Haber’s simple gencralization does not apply.
On the contrary, the body seems to be able to neutralize the effects of this
gas up fo a critical concentration of about 0.030 mg. per liter. Below
this level, the poison is eliminated from the body as rapidly a= it ix
wbsorbed and no serious toxic effects are produced. Above the eritical
coneentration, however, there iz a very rapid poisoning effect and death
ensues in & few minutes when the concentration reaches 0.300 mg. per
liter. The lethal concentration for 10 minutes’ exposure is (0,200 mg. per
liter and for 30 minutes’ exposure, 0.150 ing. per liter.

Because of its extreme volatility and the fact that its vapors are
lighter than air, it ix almost impossible to establish a lethal concentration
1:-1' hydrocyanic arid in the field, and this is particularly true when the gax
X put over in artillery shells. This difficulty, coupled with the peculiar
action of hydrocyanie acid wherein it produces no casualtiex until s

lethal concentration is EﬁtﬂhHEhElilL ;nﬂde the use of thix gas in artillery
[
shell a tragic mistake on the part of the French, Despite the vociferots

rontroversies among the Allies as to the effectiveness of hydrocyanic acid
on the field of battle, the evidence from all sources is now convincing that
extremely few casualties were caused by the French artillery shell con-
taining hydroeyanic acid, although the French used over 4,000 tons of
this gas in the war.

Cyanogen Bromide (CNBr)
Austrians: “Ce”; British: “CB”; Italian: “ Campillit "

The Austrians introduced eyanogen bromide in September, 1916,
shortly after the French brought out hydroeyanic acid. Cyanogen
bromide wax first employed in & mixture with bromacetone and benzene
(25 per cent CNBr to 25 per cent CH;COCH;Br and 50 per cent CeHa).
Later, as a result of poor storing qualities and a resulting decrease in
toxic effect, cyanogen bromide and bromacetone were loaded separately
into shells. Cyanogen bromide was also used on the Western Front hy
the Britirh (CB shell).

Cyanogen bromide is made by treating a concentrated solution of
potassium cysnide with bromine at 0°C. When freshly stblitned, it is
a white crystalline solid, of 2.02 specific gravity, which melts at 52°C.
(125.6°F.), and boils at 61.3°C. (142°F.), yielding a vapor 3.4 times
heavier than air with a piquant odor and bitter taste. It is soluble in
alcohol and in water, but hydrolizes in the latter, yvielding a nontoxic
hydrate. At 20°C. (88°F.) its vapor pressure is 92.00 mm. Hg and its
volatility is 200.00 mg. per liter. Thus, as compared to nonpersistent
gases, gencrally it is highly volatile, yet it is only about one-fourth as
volatile as hydroeyanic acid.

The effect of cyanogen bromide on the body is similar to that of
hydrocyanic acid. It is, however, less toxie, but has, in addition, a
lacrimatory and strong irritant effect. A concentration as low as 0.006
mg. per liter greatly irritates the conjunctiva and the mucous membranes
of the respiratory system, while 0.035 mg. per liter is unbearable. Its
lethal concentration for 10 minutes’ exposure is 0.400 mg. per liter, which
makes it somewhat more toxic than phosgene, but only about one-third
as toxic as hydrocyanic acid. Moreover, it corrodes metals and suffers
dF['i?m]:lﬂ-‘!itiﬂn thereby; it also is unstable in storage and gradually poly-
merizes into a physiologically inert substance. In view of the above,
cyanogen bromide is rather unsuitable for use as a chemical agent and
the success obtained from its employment in the World War was =o slight
that the Austrians abandoned it in favor of the German Green Cross
(diphosgene) ammunition, .

i)
Cyanogen Chloride (CNCl)
French: ‘““ Mauguinite” and ** Vitrite "

Almost at the same time that the Austrians introduced CYanogen

bromide, the French brought out cyanogen chloride, in an attempt to



2

POOR MAN'S 'JAMES BOND Vol.

<e-peure 4 systemic toxice gas that did not have the disadvantages of hyidro-
cyanic acid, f.e.,, a heavier and less volatile gas with cumulative toxie
effects in low concentrations.

Like its bromine analogue, cyanogen chloridé is produced by the
dircet chlorination of a saturation solution of potassium eyanide at 0°C.
it 1= & colorless liquid, of 1.22 specific gravity, whiech boils at 15°C.
(59°F.), wvielding a volatile irritant vapor 1.98 times heavier than air.
At 20°C. (68°F.) the vapor pressure of eyanogen chloride is 1,000 nim. Hg
and its volatility iz 3,300 mg. per liter, so that it is more volatile than
hydroeyanie acid.

Although cyvanogen chloride is but slightly soluble in water, it dis-
«olves readily in the organic solvents. It is chemiecally unstable and on
<torage polymerizes into cyanogen trichloride (CNCl)y, which is physio-
logially far less active. When mixed with arsenie trichloride, which
werenses the density of its vapors, eyanogen chloride i= far more stable,
and for that reason it was used in this mixture by the French under the
namne of *Vitrite,”

The toxic action of cyanogen chloride is similar to that of hydroeyanie
acid, but it 15 much more effective in low concentrations on prolonged
exposure. Like hydrocyanic acid, in high concentrations it kills by rapid
puralysis of the nerve centers, especially those controlling the respiratory
system, but, unlike hydroeyaniec acid, in low concentrations (0.010 to
0.050 mg. per liter) 1t is also irritant to the eyves and lungs and has a
retarded toxic effect somewhat resembling that of the lung-injurant com-
pounds.  Its lethal coneentration for 10 minutes’ exposure is (.40 mg. per
liter the same as that of cvanogen bromide,  Cyanogen ehloride is also o
moderate laerimator, 0.0025 mg. per liter producing copious lnerimation
g few minutes,

Phenylcarbylamine Chloride (C.H:CNCl,)

Thix compound has already been considered under the lung-injurant
group, as its predemninant action is against.the pulimmonary =ystem. It
does, however, have a subridiary effect resembling that of the systemie
toxies, which is sttributable to the fact that it iz chemieally an isonitrile
and, therefore, belongs to the family of cyamdes. Its systemic toxic
¢ffect is not important and it is mentioned bere in order to complete its
rlassification.
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FUTURE OF SYSTEMIC TOXICS

The systemic toxics are as & class the most virulent poisons known.
They are, however, extremely volatile and their vapors are very light and
diffuse into the atmosphere with extraordinary rapidity. They are also
practically noneffective until a certain critical concentration is reached
and then they strike with great speed and vigor. Hence, in order to use
them effectively in the field, it ix necessary to establish the concentration
with a high density in a minimum of time and under {avorable meteor-
ological conditions, so that the enemy will receive a lethal dose in a few
breaths before the concentration falls below its critical effective strength.
Because of these requirements concerning its use, the systemic toxics are
neither economical nor certain of results on the field of battle. At the
same time, their toxicities and rapid actions make them very effective
against small well-defined targets, especially where men are sheltered in
dugouts, deep trenches, woods, ete., where high concentrations may be

established and maintained for several minutes,
177

CHAPTER IX

VESICANT AGENTS

By the term vesicant agenis we denote those compounds which vesientao
(blister) the human and animal body on any surface, either exterior or
interior, with which they come in contact. This type of compound
constitutes the fourth class of eombat gases used in the World War.
Mt of them are highly toxic substanees and nearly all produce multiple
pliysiological effects. Thus, some are fairly lacrimatory, others exert
marked lung-injurant effects, while still others are systemic poisons.
However, in all compoundr classed as vesicants, the vesicant effect is so
murh more pronounced than their other effects as to constitute their
dominant characteristic. Where the vesicant effect of a compound is
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sulwrdinate to its other phyr=iological effects, the compound i= clas=ified
i =ome other class, e.g., ethyldichlorarsine is somewhat vesicant, but it=
primary physiological action is on the pulmonary system of the body, and
it iz, therefore, considered a lung-injurant agent (see Chap. VII).

At the outbreak of the World War, over 70 vesicant compounds were
known to sciencey yet only five were identified with the war. Of
these, but two—dichlorethyl sulfide (mustard gas) and ethyldichlor-
arsine—were actually used, while the other three—chlorovinyldichlor-
ursine (lewisite), meihyldichlorarsine, and dibromethyl sulfide—were in
process of investigation or manufacture at the end of the war and were
not actually used in battle. Of the first two, ethyldichlorarsine was
primarily 8 lung injurant and was used only to a limited extent as a
vesicant agent. While it proved to be quite effective, it did not play »
vory impoertant role in the war. On the other hand, mustard gas was
widely used by both sides and proved to be so effective that it became the
principal battle gas of the last year of the war. In fact, so completely
did mustard gas dominate the field of vesicant agents that the story of
mustard i practically the story of vesicants in the World War,

GROUP CHARACTERISTICS

While the vesicant agents, in addition to vesication, exert divers
complex physiological effects, their physical, chemical, and toxic proper-
ties are suvh that they form & well-defined group with many charseteris-
ties in common, and for this reason they were grouped by the Germans-
under the general name of “ Yellow Cross' substances.

Thus, the vesirants, although very soluble in the substanee of animal
lireues, have weaker chemical aﬁ%itim for living matter than the lung-

injurant agents. They, therefore, disintegrate more slowly and penetrate
further into the tissues of the body, thus greatly enlarging their field of
action.

Vesicants, in general, are:

1. Nonsperialized in their action on the body, as they destroy the eellular strueturee
of the Gisques whoerever they come in rontact with them,

2. Blow acting, in producing phyvsiological effectx on the body.,  Thus, iheir toxe
rficets do not commenee to manifest themselves until from 6 to 24 hours after expo-
sure. They are seldom fatal (less than 2 per cent deaths).

3. Nonreversible in action, for their injury to the eellular strueture of the fissues
i prrmanent.  The lesions produced heal in time, depending upon the depth of pene-
tration of the vesieant agent, but the reaction upon the original cells i1 irreversible,

4. Low in threshold of setion.  Thus, mustard gns produces definite incapacitating
efierts in concentrations as low as 1:100,000 (0.0065 mg. per liter} with 60 minutes’
exposure, and on longer exposure equal results are obtained with proportionately
lower roncentrations.

5. High m hoiling point.

f. Low in vapor pressure and volatility.

7. Higl in persistency.

8. Imsidious in action, giving little or no warning of their presenee antil injury i«
sustiined.

CLASSIFICATION OF VESICANTS

The vesieants may be divided into two classes: (1) simple vesicants
which exert a local artion only; and (2) toxie vesicants which, in addition
to local action. alao exert & systemic poisoning effect. The distinetion
is not of great practical inportance since sll the simple vesicants of
which there i= any reeord of use in the war exert their veseant effeet
it & subordinate manner only. That is to say, the known simple vesi-
cant« are predominantly compounds of other classes. Thus, dimethyl
sulfate, the only simple vesicant used in battle during the war, is a much
maore powerful lung injurant than a vesicant agent, and for that rea=on it
ix generally regarded as a hing-injurant compound (see Chap. VII). On
the other hand, mustard gas and the postwar vesicants are all of the toxic
variety, so that from a practical-use viewpoint, we may regard the
vesicant agents generally as toxic compounds. We do not mean to say,
however, that this will always be the case, for it ix entirely possible that
some new compound will be discovered, the vesicant action of which is
simple yet <o predominant as clearly to entitle the compound 1o be
classed as a simple vesicant ageut.

Dichlorethyl Sulfide (S{CH.CH:):Cl:)

German: “Lost”; French: ““ Yperite”; British and American: * Mustard
Gas"
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The introduction of mustard gas by the Germans on the night of

July 12, 1017, in the form of an artillery bombardment agninst the
174

British front near Ypres in Flander;,]marked the beginning of 8 new

phase of gas warfare. It came as a complete surprise to the Allies and

ransed thousands of casualties before any form of defense rould he

devised against it. Its tremendous effectiveness perfectly illustrates the

ever-threatening potential power of chemical warfare.

During 1916 and the first half of 1917, the principal battle gases used
were of the lung-injurant type, and these were based on the principle of
attacking the respiratory organs, for which purpose they must necessarily
e inhaled. But by the summer of 1917 the pas mask had been so
improved that it furnished full protection against all the known lung-
njurant gases, so that the only rasualties produced by these gases werp
those where men were caught by surprise and were gassed before they
rould adjust their masks. In other words, gas defense had caught up
with the offense. To break this deadlock, one of two things was neces-
sary—either to find a lung-injurant type of gas that would penetrate the
mask or to discover an entirely new type of gas that would go around
the mask and incapacitate by attacking rome other part of the body,
The German chemists solved Loth of these problems simultaneously by
bringing out diphenylchlorarsine (Blue Cross), which, when properly
dispersed, would penetrate any of the masks as they were constructed in
1917, (see Chap. X}, and mustard gas, which would go through clothing
wnd even rubber and leather boots and produce incapacitating burns on
wny part of the body with which its vapors canie in contact. In addition
to its vesicant properties, mustard gas was exceedingly toxie, so that it
al=o cansed serious casualties when breathed, even in very minute con-
ventrations. It was, therefore, an almost perfect battle gas, particularly
in view of the total absence of any means of protecting the body against
it, even though the mask furnished adequate protection for the lungs.
There 1w «iall wonder, therefore, that mustard gas was soon recognized
as the “king of battle gases,” and maintained this superior position
throughout the remainder of the war.

The gas shells used in hombardment at Ypree on the 12th and 13th
ol July, 1917, were of 77- and 105-mun. caliber and were marked on the
buse or side with a yellow eross.  The vapors arising from these bursting
<hells had no immediate irritating action on the eves or chest, and so at
first the troops in the bomburdment suffered no discomfort from the gas,
except irritation of the nose which caused sneezing. In the course of an
hour or two, however, the signs of mustard poisoning began to HPPEar in
the form of inflammation of the eyes and vomiting, followed by erythems
of the skin and blistering. The conjunctivitis was marked and, by the
time the gassed eases reached the casualty clearing stations, the men were
virtually blind and had to be led about.

The Ypres aren was shelled with mustard gas each night beginning

July 12, 1917, until the end of the month,  On the nights of the July 21
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and 22 a particularly heavy bombardment with Yellow Cross shells was

directed on Nieuport, which resulted in & heavy toll of casualties of a
more serious character than the casualties from the first mustard-gas
hombardment at Ypres.

Armentiéres was shelled with mustard gas on the night of July 20-21,
1917, and on the night of July 28-29 a heavy Yellow Cross bombardment
was directed on both Armentiéres and Nieuport. From then on, Yellow
Cross shells were used by the Germans extensively. It was not until
July, 1918, that mustard-gas shelling of this type showed any marked
diminution, and this was undoubtedly caused by a shortage of Yellow
Cross shells,

During the first three weeks of the mustard-gas period (July 12 to
Aug. 1, 1917) 14,276 cases of gas-shell poizoning were admitted to the
Britizsh ecasuslty clearing stations and about 500 deaths gecurred among
these cases. In this brief period, therefore, the Yellow Cross shelling had
aecounted for more casualties and practically as many deaths as the
entire previous shelling with lung injurants. The total gas-shell casual-
ties admitted to British elearing stations from July 21, 1917, to Nov. 23,
1918, were 160,970, of which number 1,859 died. Seventy-seven per cent
of these casualties were due to mustard-gas poisoning, 10 per cent were
due to Blue Cross {dichlorethylarsine) gas poisoning, and 10 per vent to
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Green Cross gas poisoning (phosgene, diphosgene, chilorpierin).
Concerning the important role played by mustard gas in the war,
Dr. Mueller BAYH!

The German Front would never have succeeded in withstanding the powerful
onslaught of the concentrated forces and war materials of almest the whole waorld if
German chemists had not at that moment held the protecting shield of the " Yellow
Cross Substance' {mustard gas) before the German soldiers and at the same time
thrust into their hands u new sharp sword in the form of the * Blue Cross Substance.”

Altogether about 12,000 tons of mustard gas were used in the war
and this caused a total of 400,000 ca=ualties, from which it is scen that
ane casualty was produced for every 60 1b, of mustard used, as compared
to one vasualty for every 230 1b. of lung injurants used in the war.

Like the other World War gases, mustard wuas not a new or unknown
compound. On the contrary, it was discovered sixty years before the
outbreak of the war, and ite chemical and physiological properties had
heen studied and were known to science for many years, Mustard gus
was first obtained (in an impure form) by Richie in 1854 (15, page 235)
In 1860 it was independently prepared by Guthrie and Niemann by
passing ethylene into sulfur chloride; both of
these chemists accurately and almost prophetically deseribing its high
toxic and vesicant properties. Thus Guthrie says: “Even the vapors of
thiz substance when in contact with the more delicate parts of the skin of
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the body cause the most serious destruction.” In 1886 the German
rhemist, Vietor Meyer, prepared mustard gas by the action of hydro-
rhlorie acid on thiediglycol and deseribed the terrible effects of the
product. Finally, in 1891 the opthalmologist, Theodore Leber, made a
summary study of the toxicity of mustard gas.

In searching for a more effective combat gas, therefore, the Germans
had svailable many data in the literature coneerning mustard and had
only to make it in quantity production and test it in the field. This they
did quite secretly in the spring of 1917 and were so well satisfied with the
results obtained that they adopted it as an artillery-shell filling and
accumulated a large quantity of these (Yellow Cross) shell before the
Allier were aware of this development.

In its pure state, dichlorethyl sulfide is & transparent amber oily
liquid, of 1.27 specifie gravity, which boils with slight decomposition at
217°C. (422.6°F.), vielding a vapor 5.5 times heavier than air. It is
nlmost odorless in ordinary field concentrations and in strong concen-
trations resembles horse-radish or mustard. Hence the orgin of the
English name—**mustard gas”—although this substance has no relation
chemically to the true mustard oils. It solidifies at 14°C. (67°F.) to
formy white erystals, and for this reason was used by the Germans diluted
with a =olvent to lower its freezing point and maintain it in & uniform
(liquid) state under all ordinary temperatures,

The vapor pressure and volatility of mustard gas are low, as shown by
the following tabulation:

Temperature e e
Yapor pressure, Volatlity,

o0, of mm. Hg mg. per liter
0 | 32 0.0260 0,250
5 41 0. 0300 0.278
10 50 0_0330 0.315
15 ' 59 'r 0.0417 0. 401
ik . 0650 0.625
25 7 0. 0996 0.958
30 86 0.1500 1.443
35 05 0.2220 2,135
40 104 0. 4500 3. 660

Beeause of its low volatihty, mustard gas is very persistent in the
field, varying from one day in the open and one week in the woods in
sunimer to several weeks both in the open and in the woods in winter.
It great persistency is the principal limitation on its use, as it cannot be

wsil an the tactical offensive where friendly troops have to traverse or
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wecupy the infected ground. However, by the same token, mustard is
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peculiarly adapted for use in the tactical defensive, particularly to prevent
the occupation by hostile troops of ground evacuated on a withdrawal.

Dichlorethyl sulfide (mustard gas) was made by two radically different
processes during the war. The Germans used the more complicated proc-
ess of Vietor Meyer because they had already available facilities for
manufacturing the principal components and had only to erect facilities
for the final step in the process. The German process was briefly as
follows:

1. Ethylene chlorhydrin was converted into thiodiglycol by sodium
sulfide aceording to the equation

CH.CH,(OH)
<+ 2Na(Cl
CH;CH:(OH)

2. The thiodiglycol was chlorinated by treatment with gaseous
hvdrochlorie acid, aceording to the equation

CH,CH,(OH) CH,CH.Cl
4

+ 2H,0
CH.CH,(OH) CH,CH,CI

The German process had two outstanding advantages, viz.; (1) the
wtermediate products possessed no dangerous properties, and hence there
was no danger to personnel working in the plants on any of the inter-
mediate steps. The only danger involved in the whole process was in the
last step of chlorinating the thiodiglycol to form mustard gas. This was 4
relatively simple reaction that was easy to control, and hence the danger
to personnel was far less than in many of the steps of the other process.
(2} The yield was high and the product pure, since the only other end
produrt was water, which was easily separated by distillation.

(n the other hand, the German method had the formidable objection
of heing a very complicated process, particularly in the method of making
the chlorhydrin.  To make this intermediate, three steps reguiring care-
ful eontrol were necessary: (1) alecohol was gplit into ethylene by passing
it vapors over aluminum oxide at 300°C. ; (2) the ethylene gas was pumped
into large reactors containing chloride of lime paste which was carefully
cooled during the procegs; (3) the resulting ethylene chlorhydnn was
foreed out of the lime paste by steam.

While the foregoing steps in the German process of making mustard
gas seem simple, in reality they were very difficult and only a chemical
techuique excellently organized and backed by a wealth of experience
cuuld successfully cope with the technical difficulties encountered.

Lacking the facilities and experience in making the intermediates

required in the German process, the ].-;.]fiea turned to the older process of
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Guthrie and Niemann, in which dichlorethyl sulfide is formed by the
direct action of ethylene gas on sulfur monochloride (see Chart XID),
according to the equation:

H.CH.CI
EGqu + chll = E + E'
H;,CH,(Cl

While this reaction under proper conditions proveeds smoothly,
there are actually encountered in quantity-production operations several
very formidable difficulties. Thux, the reaction vecurs spontaneously
with the evolution of much heat, Sulfur is set free, and the temperature
must be earefully controlled in order to keep the sulfur in collmdal sus-
pension and thus prevent its precipitation in solid form in the reaction
vessels and connecting pipes. There is alzo ronziderable difficulty in
separating the mustard gas from the colloidal sulfur, so that the resulting
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product was not so pure as that from the German process, although it
sremed to be equally as effective in the field,

It is difficult to emphasige sufficiently the extreme danger that is
involved in working with mustard gas even under the best of conditions.
The workmen must be equipped with masks and the most efficient pro-
tective clothing, and everything coming in contaet with even the vapors
of mustard gas must be decontaminated at once with chloride of lime or
other neutralizing agents. Notwithstanding all these precautions, casual-
ties will oceur owing to carelessness, and only the most rigid discipline can
keep them within reasonable bounds.

While mustard gas is only slightly soluble in water, it is slowly decom-
posed thereby. When it is cold, the rate of decomposition is approxi-
mately 1 gram of mustard per liter of water in 30 minutes. When it is
warm, the decomposition proceeds more rapidly with saponification and

the formation of thiodiglycol and hydrochloric acid, according to the
reaction:

CH,CH,Cl CH,CH,(OH)
S<C + EH ,l‘.'_'l' = S'”\
H,CH;Cl CH,CH,(OH)

This hydrolysic takes place on contact with moisture in the air or
with water on the ground and thus mustard gas is slowly destroyed
wherever these conditions are encountered; the rate of destruction
depends upon the amount of water and the temperature. The hydrolysis
of mustard gas is also accelerated in the presence of alkalies, alkaline
carbonates, and the solvents of mustard that are miscible with water,
such as aleohol. 1t is rapidly dissolved by the organic solvents, such as
ether, chloroform, and acetone, by the light paraffin hydrocarbons, and
by all of the organic fats, both animal and vegetable. It is, however,
soluble only with difficulty in the mineral oils and in vaseline and paraffin.

Mustard gas is al=o progressively soluble in gums, such ax caoutchoue
and rubber; it easily goes through leather and fabries of cotton and linen.
Hence muxtard readily penetrates leather and rubber bootz and gloves
and all articles of clothing, especially if these are brought in dircet con-
tact with liquid mustard. It ix because of these remarkable powers of
solubility and penetration that mustard gas is so difficult to protect
against. In fact, the only reliable protection is the destruction of the
mustard-gag molecule by decomposing it into its relatively harmless
constituents,

In striking contrast to its marked physical activity in solution and
penetration, the chemical activity of mustard gas is rather limited, e.g.,
ita slow hydrolysis in contact with water, Its great chemical stability
increases the difficulty of decontaminating infeeted materials with

hypochlorites. However, mustard reacts violently with the evolution
185

of great heat, the resulting products being mustard sulfoxide and calcium

chloride, in accordance with the equation:

CH,CH,CI CH,CH,ClI
= 50

+ CaCl,
:H!GHIGI HtGH]C]

As the sulfoxide is nontoxie, ealcium chloride has been widely used to
dextroy mustard. On the other hand, when very strong oxidizing agents
are used, two atoms of oxygen are fixed to the sulfur atom and the

+ 2HCI

Ca(QCls +
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resulting product, called mustard sulfone, is very toxie. This curious
phenomenon adds further difficulties to the problem of decontaminating
material infeeted with mustard.

Chlorine also attacks mustard vigoreusly and converts it into harm-
less higher chlorides, aceording to the equation:

CH,CHCI CHCICHCI
C: + 8¢ - 8(
CH.CH,CI CH,CICHCI

The danger of dissociating mustard into toxie products is, therefore,
avoided by the use of chlorine or chlorinating agents, such as dichlor-
nmine T and sulfur dichloride.

Mustard gas is lethal in concentrations varying from 0.006 to 0.200
mg. per liter, depending upon the time of exposure. Generally speaking,
when inhaled, 0.15 mg. per liter is fatal on 10 minutes’ exposure and 0.07
mg. per liter on 30 minutes’ exposure. Concentrations as low as 0.001
mg. per liter on 1 hour’s exposure, will attack the eyes and render the
vietim a casualty from conjunetivitis. Mustard is thus five times more
toxie than phosgene, which adds greatly to its effectiveness as a combat
ngent.

Concerning the complex physiolugical action of mustard gas, we can-
not do hetter than to quote General Gilehrist s
Follows:

Mustard is classified ns a vesicant gas. . . . At first it wets ps a cell irritant, and
hoally as a cell poison.  The first symptoms of mustard-gas poisoning appear in from
4 to 6 hours, but a latent period up to 24 hours may oecur. The length of this latent
period depends upon the concentration of the gas. The higher the concentration the
shorter the interval of time between the exposure to the gas and the first symptoms
urising as u result of mustard-gas poisoning.

The physiological setion of mustard gas may be classified ss local and genernl.,
The local action results in conjunctivitis or inflammation of the eves; ervihema of the
skin, which may be followed by blistering or ulceration and inflammatory reaction
of the nose, throat, traches, and bronchi. . . .

It is of intereat thiat ravial susceptibility to the toxic action of mustard gas exists;
whites are niore susceptible than negroes. There is also an individual susceptibility
te the toxic netion of mustard gas, particularly of the skin, and slso of the respiratory
Frivet
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A great deal of time has been devoted to a study of the mechanism of
action of vesicants in general and mustard gas in particular, and a
number of theones have been propounded to explain the toxie action of
mustard on the living organism. BSpace does not permit a detailed
aceount of these theories here. Buffice it to say that the simplest and
mxt generally accepted theory is that the toxic effects of mustard are
eiuused by the protoplasmic hydrolysais of the dichlorethyl sulfide molecule
and the liberation of free hydrochlorie acid in the living cell. Concerning

this theory Vedder CERCH

Dichlorethy] sulphide is very slightly soluble in water and freely soluble in orguniv
solvents, that is, has a high liquid solubility or partition coefficient. It would, there-
fore, be expected to penetrate cells very rapidly, Its rapid powers of penetration are
practically proved by its effects upon the skin, Having penetrated within the living
eell, hydrolvsis might oecur.  The liberation of free hvdrochloric acid within the cell
would produce serious effects and might account for the actions of dichlorethy| sul-
phide. The mechanism of the action of dichlorethy! sulphide aceording to thix
theory nppenrs 1o be as follows:

a. Rapid penetration of the substance into the cell by virtue of s high lipoid
solubility.

h. Hydrolysis by the water within the cell, to form hvdrmchloric aeid and dihy-
droxyethy! sulphide.

¢. The destructive effects of hydrechloric acid upon some part of the mechanism
of the rell.

This theory is very simple, and has been very generally aceepted.

Whatever the theory of action, mustard is a cell poison, exerting its necrotizing
action on all cells with which it comes direetly in contact, ineluding the skin and
mucous memhbranes, with all their structures. The capillaries and other organs that
mustard reaches become paralvzed.

It is well known that the injuries produced by mustard heal much more slowly than
burns of similar mmtensity produced by phbvsical or other chemical agencies, This
characteristic is explained by this action of mustard on the blood vessels which are
rendered incapable of carrving out their functions of -repair; and by the fact that
nevrotic fissue wets as a good culture medium.  Henee the great lialality to infection
of mustard burns,

One of the greatest dangers from mustard gas 18 the lack of any
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positive means of identifying it in low concentrations in the field. While
it has a characteristic odor resembling mustard or horse-radish in strong
roncentrations, this odor 18 very faint in concentrations which are =till
dungeroux on exposures of more than 1 hour. Thus, the odor i= said to
be detectable at 0.0013 mg. per liter, but a concentration of 0.0010 mg.
per liter will cause easualties from conjunctivitis on 1 hour’s exposure,
and such a concentration cannot be detected even by the keenest per-
ception.  Moreover, the sense of smell for mustard gas is quickly dulled
after initial exposure, so that much stronger concentrations go unnoticed.
187

Also, many odors, such as those produced by the stronger lacrimators,
mask the odor of mustard gas so that it became a common practice to nre
lacrimators with mustard for this purpose,

The impossibility of detecting mustard gas in the field and the
insidious action of this gas, which causes no noticeable symptoms unti)
several hours after exposure, resulted in thousands of casualties in the
war which might have been prevented had there been any positive means
of detecting mustard and warning troops of its presence, The great
importance of this problem caused much effort to be expended in attempts
to devise a reliable chemical detector which was practicable for use at the
front, but these efforts proved fruitless and the problem still remains
unsolved.

Since mustard freezes at 14°C. (57°F.), it is desirable to add to it
a small percentage of solvent to keep it in a liquid state at all temper-
atures ordinarily encountered in the field. If a solvent is not used and
the mustard-gas filling in artillery shell changes from a liquid to a solid,
with change in temperature, the ballistic behavior of the shells is seriously
affected. For this reason, both the Germans and French added from 10
to 25 per cent of some easily volatile solvent such a= carbon tetrachloride,
chlorbenzene, or nitrobenzene, The Americans found that chlorpierin
vould also be used as a solvent with equally satisfactory results and with
the additional adventage that the solvent was toxic,

Not only does the addition of a solvent facilitate the ballistic behavior
of mustard-gas shells, but it also increases the volatility of the mustard
charge in winter weather and renders it more effective on the terrain.
Depending upon the =olvent used and the force of explosion of the
bursting charge in the shell, the mustard-gas solution is scattered in the
form of gas clouds, or a finely divided spray composed of liquid particles
varying in size from an atomized mist to droplets resembling fine rain.
These liquid particles are very stable against humidity and cling firmly
to the ground and vegetation. The clouds of mustard vapor formed by
the explosion of shells are not at all visible in dry weather and only
shightly visible in damp weather. They are effective for about 6 hours
on open terrain and for 12 to 24 hours in places protected by vegetation
from the wind and sun,

The mustard-gas drops penetrate with great speed and facility any
ohjects with which they come in contact. They easily penetrate leather
and rubber boots, uniforms, and other articles of equipment worn by
soldiers. The mustard liquid is thus easily carried about by soldiers
and spread and evaporated-in other previously uninfected places. Fre-
quently in the late war all the oceupants of a dugout were contaminated
and made ill by the mustard adhering to the clothing of a single soldier
who was not even aware of its presence.
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Not only is mustard gas spread over the battlefield and surrounding

areas by the transfer of droplets and the carrying of the liquid substance
in elothing, etc., but also by the wind blowing across infected areas and
saturating the air more or less with the evaporating mustard fumes.
Practical field tests have shown that winds not exceeding 12 miles per
hour, blowing over a normally saturated terrain, may transfer concen-
trations of mustard vapor sufficiently strong (0.070 mg. per liter) to
cause death within 30 minutes, for from 500 to 1,000 yd. downwind.
Consequently, every mustard-gas bombardment has a direet or immedi-
ate effect produced by the liquid spray and the resulting gaseous cloud,
as well as an indirect or continued effect produced by the evaporation of
the liquid substance from the infected area. The latter may he trans-
ferred by the wind in effective concentrations to a distance of from 500 to
1,000 yd. downwind or by men who come in contact with the liquid
droplets scattered over the infected area and carry them to other places
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im clothing and other material.

With its far-reaching diffusion over the battleficlds, itz insidious
wetion, and its manifold physiological effects, it is no wonder that mustard
gus became the “king of battle gases’ and, pound for pound, produced
nearly eight times the number of casualties produced by all the other
hattle gases rombined.

Compared with the properties of the ideal battle gas, as set forth in
pages47 and 48 of Chap. I, mustard gas meets the following requirements:

1. Verv high toxicity (0.15 mg. per liter iz fatal in 10 minutes).
2. Extreme multiple effectivenesa.
3. Very persistent, which greatly limits its use in the tartical ofiensive but
wmerensed 1ty value on the defensive.
1. Efferts of long duration, but not permanent.
5. Effeet s delaved for from 6 to 24 hours, which reduces its offensive battle
[OWET.
6. Extremely ingichions in aetion.  No wariing properties or symptomes,
7. Volatility = low.  The wminximnum feld conventration s 3.66 mg. per hiter on o«
hot dav,  Thiz is sufficient for Trom 10 to 50 times o faral dose,
X, Extremely penetrative to all forins of organie mntter.
Y. YVapor is invisible in dry weather and only faintly visible in damp wenther,
1. Practically vdorless i ordinary field concentrations.
Il. Ready availahility of raw minterinls (aleohol, sulfur, snd ¢hlonne).
12, Diffienlt to manufacture, hut process is now well worked out in all prineipal
conntries.
13. Chemienl stauhility 18 very high.
14. Hydrolvzes only very slowly at ordinary lemperatures,
15. Withstanda explosion withont decomposition.
16. Kot a solid st temperatures above 37°F.
17. Melting point is not above maximum atmospherie temperatures.
use of solvent s ndvisnble,
18 Voiling point, 217°C, (422.6°F.) is very high.
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19. Vapor pressure is low but sufficient to establish lethal concentrations at ordi-
nary temperatures.
20. Specific gravity (1.27) is below 1.50.
2]1. Vapor density 18 5.5 times that of air.

Henee,

From the foregoing summary, it may be seen how close mustard gas
approaches the ideal battle gas in most of the important requirements.
For this reason and the fact that it 1s extraordinarily difficult to protect
agninst, mustard gas is assured of a secure position in the future, and it
i= safe to predict that mustard gas will play a dominant role in future
rhiemical warfare until replaced by a more effective agent which has not
ax yet made its appearance.

Ethyldichlorarsine (C.H ;AsCl.)
German: " Dick”’

Ethyldichlorarsine is a difficult gas to classify according to physiolog-
ical action as its effects fall in three different classes. It acts as a lung-
injurant agent with a toxicity about the same as that of phosgene; it 15
also a powerful sternutator with about one-fifth the irritant effect of
diphenylchlorarsine; and, finally, it is a moderately powerful vesicant,
with about two-thirds the skin-irritant power and one-sixth the vesicant
power of mustard gas. However, since its casualty power is chiefly by
reason of its lung-injurant effect, it is logical to regard this eompound
as primarily a lung-injurant agent with secondary sternutatory and
vesicant effects, and it is accordingly grouped with the lung injurants in
Chap. VII. Ethyldichlorarsine is again referred to here, not only
because it is fairly vesicant, but also because its origin and early history
are associated with the vesicant agents.

The experience of the Germans with the use of mustard gas during
the latter half of 1917 showed that a vesicant type of gas was the most
rffective easualty producer yet devised but, on account of the great
persisteney of mustard gas, it eould not be used on the tactieal offensive,
where the infected ground had to be immediately traversed or occupied
hy friendly troops, without prohibitive losses. Mustard also had
the further disadvantage that its effects were delayed several hours and
therefore it did not immediately incapacitate men so as to make it of any
great assistance in local attacks. Having in mind the grand offensive
planned for the spring of 1918, Germany called upon her chemists to
produce a quick-acting nonpersistent vesicant agent that could be used
to better advantage in offensive tactical operations. Ethyldiehlorarsine
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was the answer to this demand and was introduced by the Germans in

March, 1918, at the beginning of their great spring offensive on the
Western Front,

190 ]
To distinguish it from mustard gas, ethyldichlorarsine was first

called “ Yellow Cross 1,” and it was intended to be used as a typical
offensive combat agent along with the “*Green Cross" (phosgene type)
<hells. Somewhat later it was found that the effects of ethyldichlorarsine
were* not primarily vesicant, but rather lung-injurant, and the vast
majority of the casualties produced were from the latter effect. Accord-
ingly, the classification designation of this gas was changed from *‘ Yellow
Cross 1" to “Green Cross 3,” and 1t was used as a lung-injurant type of
gus during the remainder of the war,

For further information concerning ethyldichlorarsine, see pages 166

el seq,
Chlorvinyldichlorarsine (CHCICHA=Cly)
American; " Lewisite

Chlorvinyldichlorarsine is America’s principal contribution to the
materia chemica of the World War. It wax first prepared in 1917 by
Dr. W. Lee Lewis (from whom it takes its name), in an effort to create a
compound that would combine the vesicant action of mustard gas with
the systemic poisoning effect of arsenie.  Lewisite iz a typical example of
the evolution of chemical agents, It will be recalled that in the summer
of 1917 the Germmans had introduced two radically different types of
agents: (1) a vexieant gas (mustard), which penetrated the clothing and
burned the body wherever it came in contact and thus produced easual-
ties without having to penetrate the mask; (2) a sternutatory gas
(diphenylchlorarsine), which contained: arsenic and, when properly. dis-
persed, easily penetrated all existing masks.

Mustard gas was tremendously effective as a casualty producer but
had two rerious defeets from a tactieal viewpoint. It was too persistent
tor be used on the offensive, and its physiological effects were not manifest
for several hours after exposnre, so that it could not be counted upon to
produce casualties during the progress of the attack. On the other hand,
diphenylehlorarsine was very disappointing.  Owing chiefly to technical
errors in the method of its dispersion, it was surprisingly ineffective on
the battlefield, although it was highly toxic, wes nonpersistent, and
readily penetrated the mask.

The year 1917 then closed with the Germans in possession of the
most effective defensive chemical agent yet devizsed (mustard gas), bt
with no satisfactory offensive agent, since the masks of 1917 afforded
adequate protection against all the lung-injurant gases in use. During
the winter of 1917-1918, the German High Command was planning the
great spring offensive to commence in Mareh, 1918, and must have been
muely impressed with the vast number of casualties produced by mustard

gns during the stabilized warfare in 1917, 1t was therefore only natural
i¥1
for it to call upon the German chemists for a nonpersistent vesicant that

would produce immediate casualties, Ethyldichlorarsine was the result
of this demand.

Thiz compound was nonpersistent, quick-acting, highly toxic, and
rontained arsenic. However, it was only about one-sixth as vesicant as
mustard gas, did not penetrate clothing to anything like the same extent,
and was completely stopped by the existing gas masks. Ethyldichlorar-
sine proved to be such & disappointment that, when the spring offensive
of March 1918, was launched, the Germans resorted to the use of a com-
hination of Yellow, Green, and Blue Cross shells as their principal
offensive weapons. The Yellow Cross (mustard gas) were used on sectors
not to be penetrated by the Germans during the attack, and the Green
Crosa (diphosgene) and Blue Cross {diphenylchlorarsine) were used as
the main artillery preparation in sectors where the attacks were to be
launched,

Closely watching these developments during the spring of 1918, the
Americans became convinced that what was most needed was a more
effective gas of the ethyldichlorarsine type, i.e., & highly toxie, non-
persistent, quick-acting, vesicant compound containing arsenic. Lewisite
was the result of an intensive effort to produce such a compound. How
well they succeeded only time can show, as lewisite was produced too late
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for use at the front. It was not until October, 1918, that the manifold
technical difficulties of mass production were finally overcome and manu-
facture commenced. The first lot manufactured was ready for shipment
in November when the Armistice intervened, and it was destroyed at sea.

Curiously enough, the Germans claim that they not only knew about
lewisite before the American discovery, but had actually manufactured it
during 1917 and 1918, Thus, Hanslian Says:

Tt in evident from the publications of the German chemist, H, Wieland, (H. Wicland
windl A, Bloemer: “Ther dic Synthese der organiachen Arzenderivate” in “Liehigs
\nnnlen der Chemie,” vol. 451, page 30) that even before the American disrovery
~hlorvinyldichlorarsine was manufsctured during the war in 1917 and 1918 in Ger-
many, according to the Germans’ own special methods and independently of Leww'

vt hesis,

IT this is true, it would seem that Germany made a serious error in
not employing lewisite in the offensives of 1918, g= comparative tests have
shown ifs superiority, in many respects, over the compounds used in 1918,
That this opinion is shared by the French may be inferred from the
following paragraph from Hederer and Istin.

The true vesicant ersines have not yet submitted to the proof of buttle. They,
nevertheless, merit attention by remson of their strong activity und their multiple

tlects.  One cun already consider them as persistents of rapid aggressiveness, capable
of plaving eventually o military role of the firsl order.

The method of making lewisite was suggested by the analogous
method of mustard-gas manufacture used by the Allies. Thus, mustard
is formed by the action of ethylene on sulfur monochloride, while lewirite
18 produced by action of acetylene on arsenic trichloride in the presence
of aluminum trichloride acting as & catalyst. The dark brown visecid
liquid which results from this latter reaction is decomposed by treatment
with hydrochloric acid at 0°C. (32°F.), and an oil is obtained which
can be fractionated by distillation in vaeuo into three chlorvinyl deriva-
tives of arsenic trichloride. These derivatives, which differ from each
other only by the successive addition to the arsenic trichloride of one,
two, or three molecules of acetylene, are as follows (see Chart XIII):

Cl
C:H; + AsCl; = CICH:CH. :

(8-Chlorvinyldichlorarsine)
(Primary lewisite)

CICH:CH
2(CsH,) + AsCly =
CICH:CH
(B8’-Dichlorvinylchlorarsine)
(Secondary lewisite)

CICH:CH

3{CyH,) + AsCl; = CICH:.CH—As
CICH:CH
(88'B"'-Trichlorvinylarsine)
(Tertiary lewisite)

AsCl

During the initial reaction considerable heat is liberated and great
care must be taken to keep the temperature fromn rising by regulating
the current of acetylene, as otherwise violent explosions may occur. The
reaction products are also explosive, and for that reason it is impossible
to separate them by direct distillation. Hence, they mnst be treated
with hydrochlorie acid until all the aluminum compounds are dixsolved,
During the distillation of the resulting oily liquid, the unconverted arsenie
trichloride passes over first (up to 60°C.); next follows the primary lewis-
ite (up to 100°C.); finally, the balance passes over above 100°C. as a
mixture of secondary and tertiary lewisites, The initial distillation
vields only about 18 per cent primary lewisite, which is the most active
nnd the preferred product. However, the secondary and tertiary frae-
tions are subsequently converted into the primary form by heating under
pressure to 210°C. with an excess of arsenic trichloride, so that the ulti-
mate loss is small.

All the lewisites are liquids at ordinary temperatures, having boiling
points ranging between 190° and 260°C., and all are irritating and
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poiconous compounds but not to anything like the same extent. Thus,

primary and secondary lewisites are both highly toxic vesicants, the pri-
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mary form being more toxic and less vesicant than the secondary, while
the tertiary form is very much less active and is practically of no value as a
chemical agent. As the primary form is by far the most active, it is the
form into which the mixture was practically all converted. Thus,
wherever the term, “‘lewisite’ is used without qualification, it will be
understood to refer to primary lewisite (S-chlorvinyldichlorarsine).

Pure lewisite is an oily colorless to light amber liquid, of 1.88 specific
gravity, which boils at 190°C. (374°F.), yielding a dense vapor 7.1 times

HC1 Agq, Oy Calcium carbids Worter
f
C2H; |
Ha0 ]
REACTOR HC1
" Al 'Ella T
catalyst | | Wosher
Fr'.ln_g'l"inn-
in
PATIC I Flash L
=~ Lewisite ( prodic?)

Caarr XIII.—Manufncture of lewisite (Row sheet),

heavier than air with a faint odor resembling geraniums. It is readily
soluble in the usual organic solvents and petroleum, but is not dissolved
hy water or weak acids. It is, however, rather easily and quickly
tlrcomposed by hydrolysis, yielding hydrochloric acid and an oxide of
clidorvinylarsine, according to the equation:

CICH:CH.A%:Cls + HoQ = 2HC1 4 CICH:CH. A=

However, unlike mustard gas, one of the hydrolysis produets of low-
isite (CICH :CH.AsO) iz a vesicant nonvolatile toxic which is not readily
washed away by rains. Hence, while lewisite may be quickly destroyed
hy hydrolysis in moist air and on watery terrain, itz combat value is not
lost, ginee ground which has been contaminated with lewisite will remain
dangerous from its oxides for long periods of time. In other words, one
should not regard hydrolysis as immediately destruetive of the toxie amd
vesicant powers of lewisite, but as a proeess in which the compound
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changes its state, while at the same time retaining its physiological
powers in a new form. This view is important in arriving at the true
rombat value of lewisite, as far too much emphasis has been placed upon
its suceptibility to hydrolysis, quite overlooking the fact that, in addition
to the combat value of its hydrolysis products, the vast majority of situ-
ations in which lewisite would be used would not involve sufficient
moisture to destroy it. Most terrains over which armies fight are moder-
ately dry, and the great majority of the days in most parts of the north
temperate zone are clear. Also, it must be remembered that in cold
frozen countries and hot dry countries hydrolysis is of little importance.

Like mustard gas, lewisite is almost immediately decomposed in the
presence of alkalies, such as caustic soda (5 per cent solution) or ammonia,
and by active oxydants, such as chloride of lime and the hypochlorites,
the reaction being greatly accelerated by heat. Hence terrain and
material contaminated with lewisite are decontaminated with the same
materials as mustard gas. Also, like mustard, lewisite readily penetrates
clothing, leather, rubber, and the tissues of the body, and hence is just ax
difficult to protect against.

The vapor pressure of lewizite is very much higher than that of mus-
tard. At 0°C. (32°F.) its vapor pressure is 0.087 mm. Hg, ax com-
pared to 0.026 mm. Hg for mustard; at 20°C, (68°F.), it is 0.395 mm. Hg,
against 0.065 mm. Hg for mustard. The volatility of lewisite at 20°C.
(68°F.) is 4.50 mg. per liter, as compared to 0.625 mg. per liter for mus-
tard, and the persistency of lewisite is correspondingly much less than
that of mustard. On the basis of Leitner’s Formula (see page 21), the
persistency of lewisite at 20°C, (68°F.) is 9.6 times that of water, while
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the persistency of mustard is 67 times that of water.

The freezing point of lewisite is —18°C. (0°F.), which is well
below ordinary atmospheric temperatures, so that it is a liquid at all
times, except in very cold weather, and hence does not require a solvent
as does mustard, Like mustard, lewisite is stable in storage and does not
react with iron and steel,

Physiologieally, lewisite acts similarly to mustard gas and in addition
1= & systemic poisor when absorbed into the body through the =kin or
lungs. It may, therefore, be classed as primarily a vesicant, secondarily
4 toxie lung injurant, and tertiarily a systemic poizon when alsorbed in
the tissues, The mechanism of the physiological action of lewisite is also
like that of mustard; both are cell poisons and both undergu endoplasmie
hydrolys=is withiu the living cell and release hydrochloric¢ arid 1n accord-
ance with the following equation (lewisite):

Cl
CICH:.CH.A + H:() — CICH:CH.A=() + 2HCI
Cl
195

In the case of lewisite, however, the other hydrolysis product—
g-chlorvinylarsine oxide—is itself necrosant, and the arsenical residue of
this oxide passes into the circulation, fixes itself in various organs, and
~cts up a general systemic poisoning, typical of arsenal compounds,

Lewisite is then both a local and general toxic of great deadly strength.
Thus, & dose of 0.0173 gram per pound of body weight, externally applied,
1= fatal, so that an average man, weighing 150 Ib., would be killed by 2.6
grams (30 drops) applied to his skin. The minimum irritating concentra-
fion of lewisite (0.0008 mg. per liter) is far below the minimum concentra-
tiom at which it can be detected by its odor (0.014 mg. per liter), so that
the warning effect of its odor has been greatly exaggerated by some
authors. Its blistering (vesicant) concentration (0.334 mg. per liter)
is lexs than 10 per cent of its saturation concentration in the air at 20°C.
(68°F .}, so that field concentrations ten times that required for vesication
arc possible.  When inhaled, 0.120 mg. per liter is fatal in 10 minutes,
and 0.048 mg. per liter is fatal in 30 minutes. Its toxicity thus shghtly
exeeeds that of mustard gas.

Lewisite is quicker acting than mustard gas, as shown by the following
comparison, based on experimental tests in which a drop of each agent
was placed on the forearm of & man.

Lewisite was completely absorbed in five minutes with a slight burning sensation,
while mustard required from twenty to thirty minutes for absorption and produced
no noticealle sensation. With lewisite, the skin comimences to redden at the end of
thirty minutes; then the erythemsa increases and spreads rapidly and oeccupies &
surface of 12 by 15 centimeters towards the end of the third hour. With mustard,
the resetion (salmon colored) does not appear until two hours, and dunng the third
hour covers n surface of only 3.5 by 4 centimeters. The vesiculation of lewisite
appears at the end of about thirteen hours and consists of a large blister, the size of a
cherry, which spon ahsorba all the surrounding small blisters, forming about the
twenty-fourth hour, 8 single, large, bulging, vesicle, surrounded by s reddened fringe
which merges with the healthy skin st its outer edge. On the other hund, the first
mustard blisters gradually appear in the form of a ring nround the fected spot
towards the end of the twenty-fourth hour. In the center the lesion is depressed and
of & vellowish gray color.

In the absence of a secondary infeetion, the wounds from lewisite heal
more rapidly than those of mustard, but whether these conditions would
actually obtain on the field of battle is doubtful, and the probabilities arc
that in war the wounds of lewisite would be as serious and durable as
those of mustard,

The future role of lewisite is uncertain. - Under favorable conditions
it is undoubtedly superior to any of the other World War gases. The
question as to whether or not it would be used in a future war would seem,
therefore, to depend primarily upon the meterological conditions to be
eneoumtered in the Theater of Operations. In cold countries and in hot
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dry countries it would be very effective, but in wet rainy countries much
less effective.

Dr, Mueller thinks lewisite would have been a great disappoint-
ment to the Americans had it been actually used on the Western Front
in the World War. While the climatic conditions in that Theater of
Operations were, on the whole, rather unfavorable, it by no means follows
that lewisite would have been ineffective if used intelligently, and this ix
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only slightly soluble in water, though soluble in organic solvents,
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particularly trie in view of the highly toxic character of its hydrolysix
products which infect contaminated ground for long periods. On the
whole, we are inclined to believe that lewisite must be taken into serious
ronsideration in any chemieal warfare estimate of the future.

Methyldichlorarsine (CHiAx.Cly)

This compound is the methyl analogue of ethyldichlorarsine and the
properties and characteristics of the two are very similar (xee page 166).
It was under intensive study by the Americans during the last months of
the war, and Flury (28) includes it among the World War toxic gases,
although, as a matter of fact, there is no record of its actual use by either
side in the war. The preference of the Germans for ethyldichlorarsine,
instead of the methyl compound, is difficult to understand in view of the
superior properties of the latter, ax shown by a comparison of their
characteristics. Fries (9, page 181) attributes the German preference for
ethyldichlorarsine to the difficulty of manufacturing the methyl com-
pound, but the differences in difficulty of manufacture are so slight as to
he no obstacle whatever to the genius of the German chemists who suc-
ceeded in solving many more formidable problems.

Like most of the chemical agents used in the war, methyldichlorarsine
was not a new compound. It was discovered in 1858 by Baeyer who
described its pronounced irritating effects.

The method of manufacture of methyldichlorarsine is complicated
and comprises the following principal steps:

1. Sodium arsenite is prepared by dissolving arsenie trioxide in
raustic-soda solution, as indicated in the following reaction:

6NaOH + As:0; = 2NasAsO; + 3H0

The reaction proceeds readily evolving considerable heat.
2. The sodium arsenite solution is next methylated by adding
dimethy! sulfate at 85°C

Na A=0; + (CH4)s80, = NasCH,As0, + Na.CH,S80,

3. The disodium methyl arsenite is converted to methyl arsenic oxide
by sulfur dioxide, as indicated

NE!GH]AED; -+ Hﬂj = CHIAEG -+ NH-QSCH
1497
4, Methyl arsine oxide is finally converted to methyldichlorarsine

by passing hydrogen chloride gas through the mixture, when the following
reaction takes place:

CH;As(Q 4+ 2HCl = CH,AsCl: 4+ H20

Methyldichlorarsine is & colorless liquid, of 1.85 speecific gravity,
which boils at 132°C. (269.6°F.), yielding a vapor with a powerful burn-
ing odor. At 20°C., ita vapor pressure is 8.50 mm. Hg and ity volatility
ix 75.00 mg. per liter, This compound is chemically very stable, being
It does
not corrode iron and steel.

Like the ethyl compound, the methyldichlorarsine is a4 vesicant, toxic
lung injurant, and respiratory irritant. A concentration as low as 0.002
mg. per liter causes quite a severe irritation in the nose which produces
sneezing and finally extends to the chest where it gives rise to pain. A
concentration of 0.009 mg. per liter ia distinctly sternutatory; 0.025 mg.
per liter is unbearable when inhaled for more than 1 minute, and lead-
at once to painful attacks of asthma and marked dyspnea which often
lasts for 24 hours. Still higher concentrations cause serious injuries to
the lungs, 0.56 mg. per liter being fatal on 10 minutes’ exposure and
0.12 mg. per liter fatal on 30 minutes’ exposure.

Methyldichlorarsine ia thus about half as toxic as the ethyl compound
and when liquid is less irritant to the skin. On the other hand, its vapors
are as irritating to the skin as the vapors of mustard gas and, when
liquid it penetrates fabrica much faster than does liquid mustard gas.

The vesicant action of methyldichlorarsine is very similar to mustard,

but its lesions are much less severe and heal more rapidly than mustard-
gas lesions,

The vapor of methyldichlorarsine is hydrolyzed by moisture, but not
rapidly enough to destroy the gas before it can exert its physiological
action. Owing to its great volatility, methyldichlorarsine persists in the
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open for only about 1 hour in warm weather and 2 to 3 hours in cold
weather,

Although not proved on the field of battle in the late war, it is believed
that, taking everything into consideration, methyldichlorarsine is prob-
ably superior to mustard gas and lewisite for producing rapid vapor burns
of the gkin. For this reason, together with its low persistency, it should
have a high value for offensive military purposes.

Dibromethyl Sulfide (S(CH,CH,):Br,)
German: “Bromlost ™

The last of the vesicant agents usually identified with the World War,

although, strictly speaking, belonging to the postwar period, iz the
Y5
bromine analogue of mustard gas, dibromethyl sulfide, called by the

(Germans *‘ Bromlost.”

This compound was studied by the Germans during the closing days
of the war in an effort to find a vesicant compound more persistent than
mustard gas, for use on the tactical defensive where it was desired to con-
taminate ground yielded to the enemy for as long a period as possible.

The three elements which destroy mustard on the ground are humid-
ity, temperature, and wind. A compound less susceptible to hydrolysis
and of higher boiling point and lower vapor pressure would, it was
thought, persist longer than mustard and be a more effective chemical
agent on the tactical defensive., The substitution of bromine for the
chlorine atoms in mustard gas was expected to produce such & com-
pound, but dibromethyl sulfide did not measure up to expectations.

Dibromethyl sulfide is a solid at ordinary temperatures, which melts
at 21°C. (70°F.) and boils (with decomposition) at 250°C. (464°F.). It
has a specific gravity of 2.05 and a volatility of about 0.400 mg. per liter,
as compared with 1.27 specific gravity and 0.600 mg. per liter volatility
of mustard. It is also far more susceptible to hydrolysis than mustard.

The phyxiological action of dibromethyl sulfide is very similar to that
of mustard gas, but to a far less degree. Its greater density permits
about 50 per cent greater amounts to be loaded in the same shell, and
this partially offsets its inferior physiological activity. But its sensitive-
ness to destruction by moisture is a net loss compared with mustard, so
that, on the whaole, dihromethyl sulfide was not a real advance over
mustard gas and would in all probability never be used in war.

COMPARISON OF THE VESICANTS

Considering the fartors: (1) rapidity of action; {2) extension of rube-
faction, swelling, and edema; and (3) time of healing of lesions, the
World War vesicants and those compounds having subsidiary vesicant
action may be arranged in descending order of their skin-irritant efficiency
13 follows:

Mustard.

Lewisite.
Phenyldichlorarsine,
Methyidichlorarsine,
Ethyldichlorarsine,
Phenyldibromarsine.
Dibromethy] sulfide.

MO e W

On the basis of relative toxicity, the above agents would rank as

follows:
1949
Minimum Lethal
Dose (10 Min-
utes' Exporure)
Agent Mg. per Liter
Lewisite. ... . | .. 0,120
Mustard . e . 0.150
Phenvildibromarsine, ... .., . ... . 0,200
Phenyldichlorarsine. . ... .. . . ... . .. 0. 260

Ethyldichlerarsine. .. ........ ... ... ..0ove e 0. 500

Methyldichlorarsine. . ... ... .. . ... . . .. . ...
bromethyl sulfide

USE OF VESICANTS IN THE WORLD WAR

The vesicants rank second in the extent of use in the war, being
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execeded in tonnage by the lung injurants only. Altogether, about
12,000 tons of vesicants were used in battle, and of this guantity it is
estimated that mustard was fully 95 per cent. No separate records are
available as to the exact quantities of the minor vesicants that were
used, or as to the casualties produced by them. Mustard gas so nearly
completely dominated the vesicant field that all such easualties are
generally credited to mustard. The vesicants produted 400,000 casu-
alties, or nearly one-third of the total gas casualties, although the amount
of vesicants used in battle was less than 10 per cent of the total gas
used. The vesicants secured one casualty per 60 lb. of gas, which was
nearly four times the ratio of casualties to gas for the lung injurants.
During the war, the vesicants were used only in artillery and trench-
mortar shells, as they were unsuitable for cloud-gas projection, owing to
low vapor pressures. By the same token, however, they are well adapted

for dispersion by airplane sprays and bombs, and it is accordingly

probable that in the future they will be largely employved by the air

foree, as well as by the artillery.

FUTURE OF THE VESICANTS

The vesicants introduced a new prineiple in chemical-warfare offense
in that they readily penetrated elothing and produced easualties by body
burns. Masks, therefore, were wholly inadequate for protection against
these agents, and special protective clothing was resorted to. Such
clothing iz very uncomfortable, especially in hot weather, and greatly
lowers the combat ability of troops. It also enormously inereases the
problem of protection from contamination, not only for men and animals
but also for material. Food and water supplies in particular must be
specially protected and ready means must be devised to decontaminate
cnormous quantities of material and large areas of ground,.

The introduction of vesicants in the war tilted the seales heavily i
favor of the ehemienl offense, and the war closed leaving the prohileom
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of adequate defense against the vesicants largely unsolved. Since the

war all nations have expended much time and effort in trying to solve
this complex problem. How well they have succeeded only the future
ran show,

In the meantime, vesicants occupy the center of the stage of chemical
armaments and it is a foregone conclusion that they will figure largely
in wars of the future. Fortunately for the nations of the world, they
exemplify the most humane method of waging war yvet devised.

For a summary of the principal properties of the vesicant agents,

see Table IV.
201

CHAPTER X
RESPIRATORY IRRITANT AGENTS (Sternutators)

The fifth and last class of toxic agents used in the World War was
the respiratory irritants, often called sternuiators (sneeze producers).
They form a small well-defined group having many properties in common
and were generally designated by the Germans as “Blue Cross”
substances.

By the summer of 1917, the gas masks of all of the belligerents had
bren developed to a stage where they furnished adequate protection
against the Jung-injurant gases. Also, the lung-injurant gases thereto-
fore employed were slow acting and did not incapacitate until several
hours after exposure. The problem was, therefore, to find a quick-
acting nonpersistent gas that would penetrate the mask, and the respiru-
tory irritants were the solution of the German chemists to this problem.
While the respiratory irritants produced few serious casualties, by
quickly penetrating the mask, nauseating the soldier, and causing
frequent vomiting, they usually made it impossible to wear the mask, and
upon its removal the soldier soon fell a vietiin fo the lung-injurant agents
(Green Cross substances) which were fired simultaneously with the
respiratory-irritant agents (Blue Cross substances),

The first large-scale gas attack featuring respiratory-irritant com-
pounds was directed by the Germans against the Russians while erossing
the Dvina River at Uexhuell in September, 1917. The Germans
employed a combined Green Cross and Blue Cross bombardment against
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the Russian batteries which vommanded the place of erossing. The
Bombardment lasted for 2 hours dnd the Russian batteries were =ilenced
with the exception of a few guns which had not been recognized and
thwerefore were not included in the areas shelled.

The great German offensive of Mar. 21, 1918, was based chiefly on
the effeet of gas. The Allied flanks on the attacking salients were cut
off by mustard gas, while the main force was shelled by a mixture of Blue
Cross and Green Cross shells. The Allies were at first absolutely
defenseless against the respiratory-irritant substances and, had the
Germans been able to atomize and disperse their toxic smokes into
minute particles, the result would have been disastrous. Toward the
eiid of the war, the Allies incorporated in their gas-mask canisters a
mechanical filter, consisting of wadding and lavers of felt, and in thix
way provided adequate protection against these toxic dusts.
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The Allies claimed that the German Blue Cross shells were.not efec-
tive, and based their opinion upon the fact that the high explosive in the
xhell did not sufficiently atomize the toxic chemiecal to create a dust fine
enough to penetrate the mask. There were but 377 casualties and 3
deaths in the American Expeditionary Forces owing to gassing with
reypiratory-irritant compounds, Deaths from these compounds were
VETY Tare.

GROUP CHARACTERISTICS

In general, the respiratory irritants were all solids with high melting
points and negligible vapor pressures. They were, therefore, dispersed
by heavy explosive charges, in the form of a finely pulverized dust. The
particulate clouds thus created lasted only a few minutes in the open,
and they were asccordingly classed as nonpersistent agents, They were,
however, immediately effective and readily penetrated the existing gas
masks of the Allies. It was due chiefly to these properties that they were
introduced by the Germans on the night of July 11, 1917,

Chemically, all the respiratory irritants belong to the family of
arsines {AsH;) and are compounds consisting of trivalent arsenic in
which the arsenic atom is linked by one valence to a halogen atom, or to
a4 monovalent active group, and by two other valences to two atoms of
carbon of two earbonyl radicals, thus:

CeH

CoH:s
CCHH-\\

/AE—CN (Diphenyleyanarsine)
CsHs

The reepiratory irritants have the power to irritate certain tissues of
the body without producing notable lesions, f.e., without injury, at the
point of contact when employed in concentrations above their thresholds
of action, which are extremely low. They act only on the ends of the
=ensory nerveg, which are anatomically poorly protected against chemical
attack, and give rise to more or less acute pains accompanied by mus-
cular reflexes and various secretions, depending upon the nature of the
compound and the region infected. The mucous membranes of the
respiratory system (nose, larynx, trachea, bronehial tubes, and lungs)
are thin and sensitive, and their moist surfaces facilitate the fixation and
dissolution of these gases, They, therefore, furnizh an excellent field for
the action of the respiratory-irritant compounds and are, accordingly,
the members chiefly affected by these compounds. Based upon exten-
sive experiments, Flury sums up the physiological action of these
rompounds, as follows:

As—Cl (Diphenylchlorarsine)
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The intensive cell toxic effect i8 sven everywhere where the substances come in
rontaet with the living cells in the solid, liquid or gaseous state, They are distin-
guished from the strong corrosive substances by the fact that even when used in the
very lowest concentrations they cause inflammatory phenomena and necrosis in the
affecled tissues. From the qualitative standpoint, there are no great differences from
the effects of the other irritants. The arsenic compounds also et on the respiratory
passages and the lungs, the organs of sight and the outer skin, thus causing an acute
toxic lung edema, serious injuries to the capillaries, the formation of false membranes
in the air passages inflammation of the conjunctiva and neerosis of the corneal
rpithelium in the eye, and sometimes also inflammation of the outer skin with the
fnrmation of blisters and the deeper destruction of the tissues, The general character
of the effect now i more like that of phosgene, again more like that caused by the
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sulfur-tountaining irritnnts such a8 dichlorethylsulfide.  Despite that, there are certain
peeulinrities 1o the poisoning caused by the arsenie compounds.  The irritation to the
sengitive nerves far surpasses in intensity the effect of any chemieally aceurately
dehned compounds heretofore known, The irritant action, however, extends not
only to the portions of the murous membranes affected directly by the poison b
in & characteristic way nlzo attacks the so-called aceessory cavities.

A= a rule, the respiratory irritants are nonlethal in concentrations
ordinarily employed in battle and have the following properties in
FOMNION

1. Their thresholds of action are extremely low; a few thousandths
of a milligram per liter produre certain and useful results,

2. They are immediately effective; an exposure of 1 to 2 minutes
heing sufficient to produce positive effects,

3. Their action is reversible, since the irritation produced disappeanrs
rapidly after termination of exposure, They do not destroy the nerve
ends and, after the reflexes caused by the irritation, the nerves recuper-
ate their normal funetions,

4. Their action is elective, for they affect only the nerve tissues and
especially those controlling the respiratory system,

From a physiological viewpoint, the respiratory-irmnitant agents may
v divided into two groups: (1) the simple respiratory irritants, and (2)
lhe toxic respiratory irritants. The first cause only a local irritation of
thie respiratory system, while the second go further and set up a systemic
nrsenical poisoning, Only the first group (1) are primarily respiratory
irritants, s the rompounds in the recond group (2) primarily exert other
offeets and their respiratory-irritant action is ouly subsidiary.  Com-
pounds in the second group, therefore, belong pramarly to other groups
of agent= and are only sceondarily regarded as respiratory irritants.

WORLD WAR RESPIRATORY IRRITANTS

The principal respiratory-irritant agents, in order of their chrono-
bogieal appearanee in the World War, were:
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Agent Introduced Date
by

Simple respiratory irritants
Ihphenvichlorarsine. . .. ........... .| Germans July, 1917
Diphenvlevanarsine, ................ Germans May, 1918
Ethylearbagol. ... ... . .. Germans July, 1918
Diphenylaminechlorarsine...........] Americans | Postwar

Toxic respiratory irritants
Phenyidichlorarsine® . . ... ... ...... .| Germans September, 1817
Ethyldichlorarsine®*. .. .............. Germans March, 1918
Ethyldibromarsine®. ... . .......... .| (Germans September, 1918

* Primarily toxic lung injuranta,

Diphenylchlorarsine ((CsH;):AsCl)
German: “Clark "

Diphenyichlorarsine was introduced simultaneously with mustard
gas as an offensive enmpanmion thereto, since mustard gas was too per-
sistent to be used on the tactical offensive. The purpose of diphenyl-
chlorarsine was to penetrate the Allies’ masks, which successfully
protected against all the lung-injurant agents. This was accomplished
by dispersing the chemical substance in the form of a dust which, not
being & vapor or gas, was not absorbed by the charcoal and soda lime in
the gas-mask canister.

Diphenylehlorarsine was discovered in 1881 by Michaelis and
LaCoste. During the war it was manufactured by the Germans in
accordance with a complicated process, of which the following were the
principal stepr:

1. Benzene diazonium chloride was treated with sodium arsenite to
form sodium phenylarsenate

C'Hi—H:Gl -+ NB.:ABD; - G-uH;AS{-":Nﬂ: + NaCl + N:
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2. Sodium phenylarsenate was converted to phenylarsenic acid by
treatment with hydrochlorie acid

E-E.H 51"1303.Nﬂ.: "l— EHCI = EHH;.{EﬂaH: + ENECI

3. Phenylarsenic acid was reduced to phenylarsenious acid by treat-
ment with sulfur dioxide and water

FHHSAHDEH? + 80, + H,O = DHI-IEAFD!H! + H.30,
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4. Phenylarsenious acid was treated with sodium hydroxide to form

sodium phenylarsenite
CﬁH 5AED2H= —+— EHHUI'I = GﬁHﬁAED:NEg + EHjD

5. Bodium phenylarsenite was converted to sodium diphenylarsenite
lwy treatment with benzene diazonium chloride

CqH;f’lSﬂ:Nﬂ.j —+- GuH 5N=Cl e {CHI'I;-,}E:"LF{}INH + NaCl -+ N:

6. Sodium diphenylarsenite was treated with hydrochloric acid to
form diphenylarsenic acid

{CEHEJEAEG:NE + HGI. = {CﬂH[}g.ji.ED:H + NHCI

7. This acid was reduced to diphenylarsenious oxide by treatment
with sulfur dioxide and water

2(CeHs)1:As0:H + 280; + H O = [(CqH:)eAs]:0 4 2H.S0,

8. Diphenylarsenious oxide was converted to diphenylchlorarsine
by chlorination with hydrochlorie acid

[{GEHE}:HS]:G + 2HCl = 2{CsH;):A=Cl + H.)

Diphenylchlorarsine may also be prepared by a much simpler process,
4s follows:

1. Triphenylarsine is formed by acting on chlorbenzene and arsenie
trichlonide with sodium.

2. The triphenylarsine is then heated under pressure with more
arsenic trichloride and diphenylchlorarsine is thus obtained.

While the latter was the laboratory method of making diphenylchlor-
arsine, there appears to be no inherent reason why it could not be used as
a basis for a successful commercial method of manufacture and thus
greatly simplify the production problem. It wasstated that the Germans
adopted the more complicated method outlined above because they had
previously manufactured several of the intermediates in this process and
that the equipment of their chemical plants was peculiarly adapted to
this process. Undoubtedly, if diphenylchlorarsine were manufactured
m quantity in the future, especially outside of Germany, a simpler and
maore direct process would be employed.

In the pure state, diphenylchlorarsine is 8 white erystalline solid, of
1.4 specific gravity, which melts at 45°C, (113°F.), although the some-
what impure commercial substance used during the war melted at 38°C.
(100%F.). It boils with decomposition at 383°C. (720°F.). It is insol-
uble in water, but is readily soluble in organic solvents, including
phosgene and chlorpicrin. It decomposes rapidly in contact with water,
vivlding hydrochloric acid and phenylarsenic oxide whicl ix toxic, but
thix action is very slow in a merely humid atmospliere.  As it is u solid,
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its vapor pressure {0.0005 mm. Hg at 20°C.) is negligible and its volatility
at 20°C. is only 0.00068 mg. per liter.

When diphenylchlorarsine is volatilized by heating, its vapors con-
dense in the air to form very fine liquid droplets or solid particles (depend-
ing upon their temperature) which float like particles of smoke or dust in
the air; but in order to volatilize and convert this compound into the form
of smoke (particulate clouds of solid particles), it is essential that the suls-
stance pass through the actual gas or vapor stage. -That is to say, a
preliminary heating process is necessary. It is impossible to convert
this compound by atomization at a low temperature into real smoke,
even if it is dissolved in a volatile solvent.

The reason for these peculiarities undoubtedly lies in the size of the
particles given off when this substanee is distilled by heating, as com-
pared to the smallest sized particle that can be produced by atomization.
When volatilized by heat, the particles formed are extremely small, hav-
ing a diameter of only 10~* to 10~% em. On the other hand, when dis-
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persed by explosion, the time of detonation is too brief for an appreciable
smount of heat to be transmitted to the chemical substance, and the
dispersion of the chemical is thus a-lmust:mxtir&-l;,r due to the physical
force of the explosion, The result is that the particles of diphenyl-
chlorarsine dispersed by explosion were many times larger than those
resulting from heat distillation. Similarly, when diphenvlchlorarsine
i® dissolved in a liquid solvent and sprayed by a mechaniral sprayer,
even the best sprayers send out droplets many times larger than the true
smoke particles.

These facts were apparently not appreciated by the Germans at the
time they adopted diphenylchlorarsine as a filler for their Blue Cross
shell, for they first attempted to dissolve this compound in some easily
volatilized sclvent, surh as diphosgene, and disperse it as a liquid spray.
When this proved unsatisfactory, they then attempted to disperse it by
the use of heavy charges of high explosive which also subsequently
proved ineffective on the field of battle. In loading diphenylchlorarsine
imto the shell, another error was made in placing the explosive charge
around, instead of within, the chemical charge. With the explosive
surrounding the chemical charge, the force of explozion tended to com-
preas the chemical particles, instead of blowing them apart.

Subsequent experiments by the Allies proved that diphenylehlor-
arsine was extremely effective in the field when dispersed (by heat dis-
tillation) as a true toxic smoke, and they were preparing toxic smoke
candles, emhodying this prineiple of dispersion, when the Armistice
intervened and prevented their use at the front. The failure to adopt a
proper means of dispersing diphenylchlorarsine stands out as one of the
few technical mistakes in chemical warfure that the Germans made dur-
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ing the World War. But it was a costly mistake, as no less than
114,000,000 artillery shells were loaded with this substance (and its
analogue, diphenylcyanarsine) and great reliance was placed upon its
supposed offensive-combat power in the German drives in the spring of
1918. The evidence of the Allies’ casualties from German Blue Cross
=hell, however, is conclusive that these shell were largely ineffective, not-
withstanding the known very powerful physiological propertics of
these compounds,

When diphenylehlorarsine is pulverized and dispersed by the explo-
sion of a high-explosive charge, and, to a far greater extent, when ther-
mally distilled as a toxic smoke, it is broken up into microscopic particles
that float in the air, easily penetrate the ordinary gas-mask canister, and
exert their effects direetly on the respiratory tract. When used in mini-
mum concentrations, this compound eauses great irritation to the upper
respiratory tract, the sensitive peripheral nerves, and the eyes; it also
irritates the outer skin, but not to so great an extent; when present in
stronger concentrations or when inhaled In weaker coneentrations for a
long tiine, it attacks the deeper respiratory passages. The irritation
begins 1 the nose, as a tickling sen<ation, followed by sneezing, with a
How of viscous mucous, similar to that which aceompanies a bad ¢old.
The 1rritation then spreads down into the throat and coughing and chok-
g set In until finally the air passages and the lungs are also affected.
Headsache, especially in the forehead, inereases in intensity until it
hecomes almost unbearable, and there is a feeling of pressure in the
ears and pains in the jaws and teeth. These symptoms are accompanied
hy an oppressive pain in the chest, shortness of breath, and nausea which
=oon cauxes retching and vomiting. The victim has unsteady gait, a
feeling of vertigo, weakness in the legs, and a trembling all over the body.

Flury gives the German experience with diphenylehlorarsine:

In nddition to the phenomena of sensory irritation, inhalation of diphenyichlomer-
sine iy lead 1o serious disturbances of 1he nervous =ys=temi from ahsorption of the
|wison.  These show themselves as motor disturhanees, uncertain gait, swa ving when
stunding, and sometimes complete inability to walk,  As a rule they are aevoin panied
by severe pain in the joints and limbs. Inhalution of very high concentrations is
alse often folliwved by giddiness, attacks of Tnintness, and loss of conreinusness, which
may st for many hours.  When considerable quantitics of diphenviehlorarsine or
related orgunie amsenival compounds are taken through the skin nervous disturbanees
vl various 1vpes may arise, and these are to be ascribed not to a loesl netion of the
poisen but to ifs genern] alsorption.  Hyperesthesia, anesthesin and paresthesia of
dcfinite arens of the skin, sspecially of the lower extremities, vould frequently be
vharved.,  Twitching of the muscles wnd convulsions mMavy oeeur in very severe vises
ut pojsoning by similar substunees,
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The remarkable part of the effects above deseribed is that they
usually =et in about 2 or 3 minutes after 1 minute of exposure to the gas
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and usually reach their culmination in about 15 minutes after exposure

reases. After 15 minutes in uncontaminated air, the symptomes gradually
disappear and in from 1 to 2 hours recovery is complete in the average
case. In extreme cases, in enormously high concentrations, sufficient
arsenic may be absorbed to produce systemic arsenical poisoning, which
then produces the typical aftereffects of such poisoning.

Diphenylchlorarsine is effective in extremely low concentrations.
Thus, & concentration as low as 1:25,000,000 (0.0005 mg. per liter) ix
sufficient to produce marked irritation of the nose and throat, while
0.0012 mp. per liter becomes unbearable after 1 minute, A concentra-
tion of 1.50 mg. per liter is lethal after 10 minutes, and 0.60 mg. per liter
after 30 minutes’ exposure. Since the volatility of diphenylehlorarsine
iv only 0.00068 mg. per liter, it is impossible to attain even an intolerable
concentration in the air in vapor form. However, there is theoretically
no limit to the concentration which may be built up in the form of solid
particles suspended in the air, as this is merely a function of the amount
of the substance distilled into a given volume of air. Nevertheless,
under the actual conditions obtaining on the battlefield, it is very diffieult
to set up a lethal concentration, and there were few deaths from this
gas in the World War.

Diphenylcyanarsine [(CeH,):AsCN]
German: “Clark I1"

Diphenylcyanarsine was developed and adopted by the Germans in
May, 1918, as an improvement over diphenylchlorarsine to which it ir
closely related. The main purpose for this development was to correct
one of the serious weaknesses of diphenylchlorarsine, viz., its ready
decomposition by water. The new compound not only overcame this
defect, but also proved to be physiologically more active than its chlorine
analogue and was, in fact, the strongest of all the irritant compounds used
in the war.

Diphenyleyanarsine was prepared by acting on diphenylchlorarsine
with a saturated aqueous solution of sodium or potassium cyanide, dur-
ing which reaction, the chlorine atom in the latter is replaced by the

cyanogen group, thus
(CeH )2ACl + NaCN = (CeHi):AsCN + NaCl

In u pure state, it is a colorless crystalline solid, of 1.45 =pecific gravity,
which melts at 31.5°C. (91°F.) and boils with decomposition at 350°C.
(682°F.), yielding a vapor 8.8 times heavier than air with a characteristic
odor of garlic and bitter almonds.

It is not dissolved by water and is hydrolyzed so slowly as to be
negligible. Chemically very stable, it is readily soluble in the organic
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fats and solvents, especially chloroformi. 1ts vapor pressure is negligible
and its volatility is even lower than its chlorine analogue, being only

0.0015 mg. per liter at 20°C. (68°F.).

The physical and chemical behavior and the phyriological effect of
diphenyleyanarsine are exactly like those of the chloro-compound except
that the last is more intense and somewhat more enduring. The lowes
irritant concentration of diphenyleyanarsine is 0.0001 mg. per liter, and
its intolerable concentration (0.00025 mg. per liter) which is one-fourth
that of diphenylchlorarsine. The toxicity of diphenyleyanarsine for
10 minutes' exposure is 1.00 mg. per liter as compared to 1.50 mg. per
liter for the chlorine analogue. The former is, therefore, about 50 per
¢ent more toxic than the latter, but this is not of great practical impor-
tanee since these lethal concentrations are far above the limit of actual
attainment in the field, except in very unusual circumstances, such as
where a shell bursts in an inclosed space so that a supersaturated con-
centration is obtained. Such concentrations may al=o exist for a few
seconds immediately adjacent to the point of burst of the shell, but on
the whole are extremely rare, as is shown by the Allies’ casualties from
Blue Cross shell, which were surprisingly small in comparison with the
vast quantities of these shell used, and the percentage of deaths was
almost negligible.
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On the other hand, owing to the ease with which diphenyleyanarsinge
penetrated gas-mask canisters in use in 1917 and the early part of 1918,
it temporarily put out of action large numhers of troops during the
initial period of & bombardment; where such bombardments were immedi-
ately followed by infantry assaults, considerable tactical advantage was
thus derived. Also, the difficulty of retaining the mask after penetra-
tion by this agent undouhtedly increased the number of casualties from
lung-injurant (Green Cross) agents which were simultaneously employed.

Owing to the fact that diphenyleyanarsine was effective in extremely
~small concentrations (1:10,000,000), it was the agent per excellence for
general harassment of troops. Even a few shell, scattered over a wide
arca compelled all troops therein to mask and thus greatly hampered
their combat efficiency and effectiveness. It was thus particularly
effective against artillery aud Blue Cross shell were largely employed in
vounterbuttery fire, ‘

Notwithstanding that the German Blue Cross shell did not disperse
its chemical contents in a very efficient form, the Allies were so impressed
with the possibilities of DA and CDA that they immediately started to
work to devize the most effective means for their employment ngains

Lhe Germans,
The British were particularly active in pushing the development of &
toxic candle which would by progressive burning distill off the chemical
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as a true smoke, in which form it was found to be far more effective

than when dispersed by explosion from artillery shells. Speaking of this
development, General Foulkes says:

When the DA was scattered by the high explosive it was liberated not in the form
of & gas, but in fine particles; these were not sufficiently minute to penetrate the box
respirator completely, and absolute protection was very soon obtained by adding sn
extension to the box which contained a chessecloth filter,

Colonel Watson, who was the hend of the Central Laboratory at Hesdin, had
suggeated in September 1917 the study of particulate clouds; and one of my officers,
Sisson, in a sp rit of investigation, put a pinch of DA which had been extracted from a
German shell on the hot plate of & stove in his room at my headquarters. The result
wie 80 remngrkable that evervone was driven out of the house immedintelyv, and it was
found that the latest pattern of German mask, even when fitted with the extension
that had been supplied to give protection against Blue Croas shells, gave no protection
whatever against the DA cloud produced in this way.

This was the germ of a new and very valuahle idea, and steps were taken imme-
dintely to investigate how DA could be best volatilized in the most highly effective
and penetrant form by bringing it in contact with the heat evolved from the combina-
twon of & suitable mixture of chemieals; and a ‘' thermo-generator” was soon designed,
which eonszisted of a tin containing the DA and the heating mixture in separate com-
partinents and which weighed two or three pounds.

The plan of attack was similar to the one previously put forward for gas; but ax
the particulate cloud was effective in one-hundredth the soncentration of the gas
rloud, and the German protection against it was nonexistent, complete success was
nheolutely rertain if only the secret could be kept.

The proposed assembly of the infantry assaulting columns would be simpler than
in the former proposal, because there was no longer any need to use a retired line for
the discharge. In fact, it was not even desirable, because the discharge would now
he & much shorter one, and the “M™ deviee (ns the thermo-generators came to he
enlled) would have to be used on a grand scale—hundreds of thousand= being set
alight with & simple {riction lighter, as in the case of the familiar emoke candles—so
that the miantry themselves would be ealled upon to assist the Special Brigade in
handling the tins. The latier were not dangerous under artillery hombardment, like
gna evlinders, and in any ease the hostile fire would be silenced in the course of a few
minutes by the eloud and by our own intensive gas bommbardment.

The '"M" device was never used in France; but if its secret had been kept therv
in not the slightest doubt that its effect on the enemy, both moral and phyveical, would
have been overwhelming; and if it hnd been properly und fully exploited it would have
had & mare important hbearing on the course of the war than any other mensure thar
wiw put to a practical trinl on the battleheld or thiat was even considered.

In diphenyleyanarsine, we have the extreme limit of effectiveness in
low concentrations of all chemical agents used in the war. Thus, a con-
centration of 0.00025 mg. per liter is intolerable if inhaled for 1 minute.
As a man at rest normally inhales 8 liters of air per minute, he would
ahsorb only 0.0002 mg. of the substance in that time. This is, however,
miffirient to incapacitate him for an hour. For an average man, weighing

211
i54 1b. (70,000,000 mg.), this means that diphenylcyanarsine is effective
in the ratio of 1: 35,000,000 of body weight, which makes it the strongest
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of all the known irritants,
Ethylcarbazol {{CH,) :NC gH 5)

The last of the simple respiratory irritants used in the World War
was ethylearbagol, introdueed by the Germans at the battle of the Marne
i July, 1918, This compound is a white flaky sohd wluch melts at
GR°C. (149°F.) and boils at 190°C. (374°F.), vielding a vapor sceven tunes
hwenvier than air. It is soluble in aleohol and ether, but is insoluble iu
water and is practically unafiected thereby,

Very little information is available concerning the use of this sub-
«tance or the reason for its introduction since it was by no means ax
irritant as either diphenylehlorarsine or diphenyvleyanarsine with whieh it
was mixed in the Blue Cross shell. Hanslian says, AS &
matter of fact, it was not irritant at all, but merely served as a solvent for
the arsine.” This explanation, however, throws little light upon the
=ubject =ince ethylearbazol was it=elf a solid and was loaded in mixture
with solid diphenylchlorarsine as a solid charge i the Blue Cross shell.
It is, therefore, not clear as to how it could be used as a solvent. More-
vver, it did have a decided irritant effect alone, although much less than
any of the other respiratory-irritant substances,

The appearance of ethylecarbazol on the scene in the World War
remains as one of those peculiar phenomena which seem altogether lack-
ing in justification. It wae< used only to a limited extent and did not
achieve any notable results, It is mentioned here only to complete the

record.

Diphenylaminechlorarsine ({C¢H,)-NHA=CI)
American: “ Adamsite”

When the Allies found that diphenylchlorarsine could be’made very
effective by distilling it into the air and projecting it as a particulate
vloud, they decided to use it against the Germans= in this manner, but they
had had no previous experience in the mass production of this com-
pound, or even of its principal intermediates. The German process was
s0 complicated that it was soon realized that a simpler method of making
it must be developed.  In secking to find such a method, the British and
American chemizts simultaneously discovered that a shghtly different,

though closely related, compound could be easily manufactured in large

quantities, and that this substitute. compound had very similar proper-

tiex and seemed to be equally effective as a respiratory-irnitant ebiemieal

agent. This new compound was diphenvlaminechlorarsine  which
212

differs from the German substance, diphenylchlorarsine, only by the

addition of an amino (NH) group to the latter compound, thus
Cl

/
DhH h'—‘ﬁ-E—CI,Hl
[Diphen%{chlumrﬂine]

f
As
G'H'<EII\IT§ .

(Diphenylaminechlorarsine)

While this chemical difference is very slight, it immensely simplified
the problem of manufacture, since all that is required is to mix together
and heat diphenylamine and arsenic trichleride and a smooth reaction
proceeds in accordance with the following equation (see Chart XIV):

{Ele}:NH + AHC].; — [Gth]iNH;‘.HG] + 2HCI

The resulting produet is a dark green molten mass which can be purn-
fird by recrystallization from benzene and glacial acetic acid. The
Americans named this compound “* Adamsite,” after its American dis-
ecoverer, Major Roger Adams,

Not only is the process of manufacture simple but the two ingredients
are readily obtainable in large quantities. Diphenylamine is a common
intermediate widely used in the dye industry and is also required in large
(quantitie# in time of war ax a stabilizer in the manufacture of smokeless
powder, while arsenic trichloride is obtained by chlorinating white
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Chaanr XIV.—Manufacture of diphenylaminechlorarsine (flow gheot).
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arsenic (ASy0,). Of all the arsenical chemical agents, diphenylamine-

¢hlorarsine is the most easily manufactured.

In addition to the research and development work of the British and
Americans on diphenylaminechlorarsine during 1918, the Germans claim
to have previously discovered, manufactured, and tested this compound.
Thus, Dr. Mueller (21, page 108) says: “A method for its manufacture
was patented by the Leverkusen Farbwerk ax early as 1915 (German
Patent 281,049) " and Dr. Hanslian says: ''In Germany it
was manufactured and tested even during the war by Wieland ; however,
it was not used in the field.” Dr. Mueller says it was not used in the
field beeause of the readiness with which it is decomposed when heated.
In view, however, of the small difference in this regard between diphenyl-
chlorarsine and diphenylaminechlorarsine, the substantially equal
rapability of the latter as a chemical agent, and its far greater ease of
manufaeture, it would seem that there was little justification for the
German use of diphenylchlorarsine, which was =0 much more difficult to
produce, Dr. Hanslian also says that the commercial method of manu-
facture of diphenylaminechlorarsine was greatly simplified and perfected
by the Italian chemists Contardi and Fenaroli, and that certain Russian
publications state that this compound was actually used by the Italians
during the latter part of the war. This latter statement is, however,
improbable as no Italian authorities make such a claim, nor is there any
record of the tactieal use of this compound by the Italians in the war,

When pure, diphenylaminechlorarsine iz a yvellow crystalline solid,
of 1.65 specific gravity, which melts at 195°C. (387°F.) and boils (with
decomposition) at 410°C. (770°F.) under normal pressure. It has prac-
tically no vapor pressure or vapor density, as it distills into the air in the
form of minute solid particles. The impure commereial product used 1n
rhemical warfare ir a dark brownish green erystalline mass which par-
tially liquefies at 160°C. (320°F.), but the major portion does not melt
until & temperature of 180°C. (374°F.) is reached. 1t i chemieally a very
stable compound, being unafieeted by the humidity of the air or precipi-
tation, It is insoluble in water and hydrolyzes very slowly and with great
difficulty, yielding hydrochloric acid and a toxie oxide [(CaH.):NHAs],0.
It is also very slightly soluble in the ordinary organie solvents and is not
readily dissolved 1in any of the liguid chemical agents. The fumes of
diphenylaminechlorarsine are much less inflammable than those from
diphenylchlorarsine, ro that there is much less risk of its inflaming when
dispersed by heat. It acts on metals, corroding iron, steel, bronze, and
brass. Upon dissemination in the air, it persists for about 10 minutes in
hoth hot and cold weather, =0 that it is classed as a nonpersistent agent.

The phy=iological effeets of diphenylaminechlorarsine are in general
very imilar to those of dipbenyleblorarsine.  Like the latter it strongly
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irritates the eyes and mucous membranes of the nose and throat and

cauges violent sneezing and coughing. It then produces severe head-
aches, acute pains and tightness in the chest, and finally nausea and
vomiting. The irritation of the eyes and the respiratory tract is st first
weak, but within & minute or so it inereases in severity so that it becomes
unbearable. The acute effects usually last about 30 minutes after the
victim has left the contaminated atmosphere. Qualitatively, the physi-
ological effeets of diphenylaminechlorarsine differ somewhat from those
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of diphenylchlorarsine, in that they appear more slowly and last longer;
also coughing and a burning pain in the nose and throat are less intense.
During the time of exposure, the effects of the latter are more apparent,
but in higher concentrations the effects of the latter were more immedi-
ate and just as severe, but not as persistent as the former. The longest
period of ineapacitation from diphenylchlorarsine was about 1 hour,
while that from diphenylaminechlorarsine was about 3 hours. The lat-
ter is then more efficient as a casualty producer since men gassed there-
with are put out of action for three times as long a period.

To the average person, diphenylaminechlorarsine is odorless in ordi-
nary field concentrations, and one is not aware of breathing this gas until
suffirient has been absorbed to produce its typical physiological effects.
It irritates the nose and throat in concentrations as low as 0.00038 mg.
per diter (1:30,000,000), and causes irritation of the lower respiratory
tract at a coneentration of 0.0005 mg. per liter. A concentration of
(.66 mg. per liter is lethal on 30 minutes’ exposure, while the lethal
concentration for 10 minutes’ exposure 15 3.0 mg. per liter,

Like diphenylehlorarsine, diphenylaminechlorarsine is most effective
when disseminated as a smoke, but when atomized, either by explosion
or diztillation, it readily penetrates the gas-mask canister unless fitted
with the most efficient type of dust filter. Such filters have been devel-
opivl by all modern armies but they always inerease the breathing resist-
anee of the canister and add to the difficulty of securing adequate
protection,

As diphenylaminechlorarsine appears to be fully equal to diphenyl-
rhlorarsine and i much easier to make, it bids fair to remain as the
tanndard respiratory-irritant compound, at least until it i= replaced hy
o more effective one.

[n nddition to its value as a chemical-warfare agent, diphenylamine-
rilorarsine has proved to be very effective in suppressing riots and eivil
disturbances of a more serious character. For this purpose, it ig usually
mixed with tear gas (chloracctophenone) and loaded in hand grenades
which function by progressive burning and distill off the irritant com-

pounnd in itz most effective form.
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Phenyldichlorarsine (CsH AsCly)

German: “Blue Cross No. 1”; French: “Sternite”

This compound is primarily a toxiec lung injurant and is therefore
treated in Chap. VII, page 185. In addition to itz lung-injurant
effect, however, it also exerts a considerable respiratory-irritant actiou,
and for that reason, was used by the Germans in ‘' Blue Cross 1" shell
in mixture with, and as & solvent for, diphenyleyanarsine.

As phenyldichlorarsine was not used alone during the war, there is
no war data available as to its effectiveness by itsell. When mixed with
diphenylchlorarsine or diphenylcyanarsine, in approximately equal pro-
portions, ax it was used in the war, the mixture appears to have a more
irritating and toxic effect than either of the latter compounds when used
alone. The 50-50 mixture produces toxic smokes similar in character
to those produced by pure diphenylehlorarsine, but somewhat denser
and slightly less penetrating as regards the gas mask.

Because of its high toxicity and not inconsiderable vesicant effect,
in addition to its respiratory-irritant action, phenyldichlorarsine iz to be
ranked among the most valuable of the World War gases,

Ethyldichlorarsine (CsH AsCls)
German: “Dick”

This compound is also primarily a toxic lung injurant and has been
treated as such in Chap. VII. It is also & rather powerful respiratory
irritant. A concentration as low as 0.0038 mg. per liter (1:1,900,000)
produces a slight irritation of the throat; 0.0125 mg. per liter (1:570,000)
strongly irritates the nose and throat and produces a burning sensation
in the chest which persists for about an hour after exposure ceases,

Ethyldichlorarsine was introduced by the Germans in an attempt to
produce a quick-acting nonpersistent vesicant and was first called ** Yellow
Croes 1."" It was soon found, however, that it was not very effective as a
vesieant, but proved to be highly toxic and its classification was changed
to *"Green Cross 3. It was thereafter used primarily as a lung-injurant
agent.
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Its combined toxie, irmtant, and vesicant effects, together with its
low persistency and quick action make it a valuable war gas for ofiensive
use,

Ethyldibromarsine

This compound is the bromine analogue of ethyldichlorarsine and its
properties are almost identical therewith. It was used in the war only
1< # mixture with ethyldichlorarsine in “Green Cross 37 shell and data
as {0 ils effectiveness alone are laﬁi?ng. From its chemical structure, i
should be slightly more powerful than the chloro-compound, but ox
hromine compounds usually attack iron and steel, any such advantage
would be more than offset by the disadvantage of its corrosive properties.
The reason for its use in the war is not apparent.

COMPARATIVE EFFECTIVENESS OF RESPIRATORY IRRITANTS

The effectiveness of the respiratory irritants depends primarily upon
their minimum effective concentrations, since such concentrations are
generally sufficient to incapacitate men for the period during which the
irritants are effective. Accordingly, the lower the minimum effective
concentration, the greater the effectiveness of the respiratory-irritant

agent. On this baxis, the foregoing respiratory irritants are arranged
below in deseending order of their efiectiveness,
Minimum effective concentration
SE=rt Milligrams Paris per
per liter million

Diphenyleyanarsine................ 0. 00020 1: 50,000,000
Diphenylaminechlorarsine. ... ......| 0.00038 1:30, 000,000
Iyiphenylehlorarsine. . .. .. .. .. 0. 00043 1:25,000, 000
Phenyldichlorarsine. . .. ... ... ... .. 0. 00500 1:2,000,000
Ethyldichlorarsine. . 0.00716 1:1,000,000
Ethvldibromamine........ ... ... . .. 0. 01080 1:1,000.000
Ethylearbazol, . . .......... ... .. 0.01596 1: 500, OO

USE OF EESPIRATORY IRRITANTS IN THE WORLD WAR

Based upon the total amount used in battle, the respiratory irritants
constitute the third largest group of chemical agente used in the war.
The Germans loaded no less than 14,000,000 Blue Cross shells, of which
only a very =small part remained on hand at the time of the Armistiec.
It is estimated that a total of 6,500 tons of respiratory irritants were
used in the war and produced 20,000 casualties, among which the deaths
were negligible,.  On the basis of casualties, therefore, it required 650 1b.
of respiratory irritants to produce one casualty, as compared to 230 Ib.
of lung injurants and 60 lb. of vesicants per casualty. However, the
tactical value of the respirstory irmtants was far greater than simply
their easualty value, as they were certainly very effective in ecounter
battery fire and for general harassment of troops. Alse they undoubtedly
helped to secure a far larger number of lung-injurant casualties by pene-
trating the mask and causing its removal in the presence of hing-injurant
gas concentrations. All in all, the respiratory agents played a major
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role in the last year of gas warfare; while they were not used in their
most effective form technically, it cannot be said that they were not
wurcessful tactically.

FUTURE OF RESPIRATORY IRRITANTS

The future of the respiratory irritants is somewhat difficult to esti-
mate. The experimental work done by the Allies toward the end of, and
<ince, the World War showed conclusively that these compounds are
rremendously effective when thermally distilled and disseminated ax
toxic smokes; while all modern masks contain special filters for protecting
against these smokes, the protection is only relative and greatly adds to
the breathing resistance of the mask. All things considered, it i believed
that these compounds are destined to play an important part in gas
warfare of the future.

For a surmnmary of the principal properties of the respiratory irntants,
=ee Table IV.
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SUMMARY OF GASES

We have now completed a survey of the 38 compounds which con-
stitute the entire group of World War toxic agents. For convenience
of reference, a consolidated list of these compounds is given below,
nrranged in groups by physiological classification, in order of their
chronological appearance (of the group) in the war, as treated in the
foregoing chapters.

I. Lacrimators
Simple
Ethyibromaretate.
Xxlvl bromide.
Henzvl bromide.
Brommethivlethv] ketone,
Ethyvliodoncetate.®
Henevl lodide,
Iirombenzyl cyanide, ®
Chloracetophenone. *

I N

Toxrie
. Chlorucetone,
10, DBromacetone,™
11. Iodoacetone.

12. Acrolein.
II. Lung Injurants

Simple
t. Chlorine.*
2. Methvisulfuryl chlonde.
3. Erhvlsulfuryl chloride.
4. Monoachlormethvichloroformate.
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Dimethyl suliate.

5.
6. Perchlormethvlmercaptan.
7. Phosgene.®*
8. Trichlormethylchioroformate. *
9. Chlorpierin. *
10. Phenylearbylamine chlonde.
11. Dichlormethy] ether.
12. Dibrommethyl ether,
Tozic
13. Phenvldichlorarsine.
14. Ethyidichlorarsine. *
15. Phenvidibromarsine,

III. Systemic Texics

Hvdrocyunie acid.
Cyunogen bromide.
Cvanogen chloride.

e 1o =

IV. Vesicants

Dichlorethy] sulfide.*
Chlorvinyldichlorarsine.

Methyldichlorarsine.
Dibromethyl sulfide.

Ll ol ol

V. Respiratory Irritants

Dhphenyiehlorarsine, *
Diphenylcyanarsine. *
Ethylcarbagol.
Diphenylaminechlorarsine.

ol ol

The 38 compounds listed above were selected from over 3,000 sub-
stances which were investigated to determine their value in chemical
warfare, but only a small number, marked with an asterizsk (*), achieved
any noteworthy results in the war, The few really successful compounds,
however, produced such astonishing results as to change the whole
character of modern warfare (see Chap. XXIV).

Even these successful agents were not used efficiently so as to really
develop their full possibilities, Much work has been done in the. prin-
cipal countries since the war to develop more effective ways and means
of using the succersful World War agents, and great progress has been
made in this field. Aside from perfecting the various means of pro-
Jeeting chemicals used in the war, great stress has been laid upon develop-
ing effective means of dispersing chemicals from sirplanes. This new
development bids fair to become one of the most formidable weapone
of the future, the ultimate effect of which no man can safely predict.

In addition to increasing the effectiveness of the World War agents,
all nations have continued research to find still more powerful compounds
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for chemical warfare. Necessarily, the results of this research are kept
214

profound secrets and nothing has been published concerning the progress
made 1n this field except sensational articles in popular magazines and
newspapers, which are not only grossly exaggerated, but are utterly
unreliable. Hardly a month passes but the publie is apprised under lurid
headlines of some new supergas a few hundred pounds of which dropped
from airplanes could destroy New York. These startling announce-
ments are invariably the figments of the imaginations of sensation writers
who really have no technical or professional knowledge of chemical war-
fare, and, when their statements are analyzed, they are found to be
without the slightest foundation in fact.

While these press reports of supergases are not to be taken seriously,
it =hould be borne in mind that industrial research is constantly produc-
ing chemical compounds of ever increasing physiological power., We
have seen in our survey of the World War chemical agents how the effec-
tive strengths of these agents progressively increased as each new one
was brought out, Thus, it required & concentration of 5.6 mg. per liter
of chlorine to render a man a casualty on 10 minutes’ exposure, while a
concentration of only 0.0002 mg. per liter of diphenvleyanarsine would
cause a casualty on a lI-minute exposure. It was also stated that the
respiratory irritant agents are effective in the ratio of 1:35,000,000 of
body weight. This was considered in the war as the extreme limit of
efiectiveness in low concentrations. Since the war, however, chemicals
have heen discovered which are effective in far smaller doses—now in
the order of 1:1,000,000,000 of body weight. Thus, 1 oz. of irradiated
ergosterol, the new cure for rickets, will produce the same effect on the
human body as 6 tons of cod liver oil! When we remember that one
tablespoonful is the normal dose of cod liver oil, we can readily appre-
ciate how tremendously powerful is this new drug and what vast progress
has been made in this field in the few years that have elupsed since the
war, As General Hartley BAYS:

Seientists are making very rapid advances, and many of these will have a direct
lwuring on the pext war, It is absolutely essential 10 make adequate provision 1o
continue research on gas warfare problems, as otherwise all preparstions for defence
may prove valueless. . . . Buch research ean only he made effective by the closest
sympathy and cooperation between soldiers and scientists, and unless their coopera-
tion ig mnuch closer than it was before the late war, there will be little chanee of sneeess
[t is for the scientists to explore the possibilities and to develop such as are thought
likely to be of value, and for the soldiers to apply the results fo their investigation of
wur problems.

220
CHAPTER XI

SMOEKE AGENTS
CLASSIFICATION

Smoke is the second member of the tripartite chemical arm. From a
chemical-warfare viewpoint, smoke is a concentration of exceedingly
minute solid or liquid particles suspended in the air. Its purpose is to
obscure the vision of the enemy or to sereen friendly troops and terrain
from enemy observation. Its mission is thus essentially defensive and
in this respect 18 directly opposite to that of gas, for, while gas disables
and kills men, smoke protects them by a sheltering mantle of obscurity,

Tactically, we distinguish two kinds of smoke, depending on how it
ix placed with respect to enemy or friendly troops. ‘A smoke cloud laid
close to an enemy for the purpose of blinding him, or at least greatly
restricting observation and thus crippling his fighting power, is termed &
blanketing cloud; a smoke cloud generated close to friendly troope to con-
ceal and protect them from the sight and aimed fire of the enemy, is called
a screening cloud.

Since the special group of lozic smokes are employed like gases for
their physiological effects and not for their incidental obscuring powers,
it is more logical to consider them as translucent gases and they are so
treated in Chap. X. When the simple term “smoke’ is used, it will be
understood as referring only to harmless obscuring smoke.

Physically, we distinguish two general types of smoke, according to
whether it consists of (1) solid particles or (2) liquid particles. The first
type comprises the smokes of combustion, while the second comprises
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the fogs and mists produced by chemieal reactions not involving com-
bustion. Each type may be used either for blanketing or screening, =u
this physical classification has no tactical significance.

HISTORICAL

As with gas, the methodical planned use of smoke in battle was a
development of the World War. History does record sporadic attempts
to use smoke tactically in combat, as when, in 1700, King Charles XTI of
Sweden crossed the Dvina River in the face of the opposing Polish-Saxon
army under the protection of a smoke screen generated by burning large

quantities of damp straw. But the results of such early, isolated inci-
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dents were always too uncertain to justify the adoption of smoke as a

recognized agency of warfare.

As a matter of fact, for a century prior to the World War the dense
rlouds of smoke generated by the increasing quantities of black powder
nsed in battle had been a growing nuisance. They obscured the field of
vision, interfered with the aiming and firing of weapons, and hampered
the movement and maneuver of troops. By the time of American Civil
War, this had become such a formidable problem as to force the invention
of smokeless powder in order to restore visibility to the field of battle.

Because smoke had so long been regarded as a tactical handicap to
land warfare, development of methods for its artificial generation for
military purposes prior to the World War had been constantly neglected.
.'wtuaﬁ:.r, the first experiments in this direction were made under naval
auspives, a fact testifying to the importance of concealment in naval
tactics,

Two methods were emploved to generate smoke screens at sea. One,
used by the British and American navies, was the simple expedient of
limiting the admission of air to fires under ships’ beilers, so that, owing to
incomplete combustion of the fuel, & dense black smoke issued from the
funnels. This was done as early as August, 1913, in the course of United
States Navy maneuvers off Long Island,

The second method was to produce a white smoke by the reaction of
rertain chemicals, such as sulfur trioxide and chlorsulfonie acid, in special
grnerators placed on the aft deck of the ship. The German Navy made
experiments with such chemical-smoke producers as early as 1806 to
1900,

According to Dr. Hanslian during the World War the
German Navy used smoke screens with great success on several cruisers
in 1915, particularly in the battle of Jutland in 1918, when smoke was
generated from sulfur trioxide and chlorsulfonie acid on board ship and
from floating containers. During the summer of 1916, the Austrian fleet
also successfully covered its retreat from the French fleet in the Mediter-
ranean by the skillful use of a smoke screen. The regularly planned
tuctical use of smoke on land commenced in the summer of 1915, closely
roinciding with the introduction of gas warfare.

Without doubt, the gas-cloud method of attack directed attention to
the possibilities of smoke for sereening parts of the battlefield from enemy
observation. The dense clouds produced in damp weather by the
release of chlorine served to mask the advance of the German infantry
which followed behind them, to demonstrate clearly the tactical advan-
tage of concealment during the offensive.

The British were the first to use smoke clouds artificially generated
from special apparatus so as to mask their gas attacks and lead the
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Germans to believe a gas attack was being put over where actually no
gas was used. In such operations the British were able to advance
unmasked behind the harmless smoke while the Germans, fearing gas,
were put to the disadvantage of wearing masks. Smoke was also used
for other deceptive purposes such as to draw wasteful artillery fire on
nnoccupied sectors by generating a smoke screen to indicate that an
attack was imminent. The Germans soon adopted these same tactics
and in turn used them effectively.

The first special smoke device used on land during the war was the
British smoke pot containing & mixture of pitch, tallow, black powder,
and saltpeter, which was introdueed in July, 1915. The first large-scale
smoke operation occurred during the attack of the Canadians against
Messines Ridge on Bept. 20, 1915, where several thousand smoke shell

237

CHEMICALS IN WAR

were fired from trench mortars,

During the latter part of 1915 and in 1916, the use of smoke extended
rapidly throughout all the principal belligerent armies. Not only were
special smoke generators employed by each, but smoke fillings were
loaded into every form of projectile. By the end of 1816 smoke was a
standard filling in hand and rifle grenades, trench-mortar bombs, artillery
shell, and even aviation bombs, and smoke tactics contributed to the
successes of both sides in many important battles.

By the fall of 1917, the tactical use of smoke on the Western Front
had become so well established that General Pershing cabled the War
Department on Nov. 3, 1917, asking that large quantities of phosphorus
he quickly manufactured for filling smoke ammunition for the Ameriean
Army.

Following are some outstanding examples of successful large-scale
tactical use of emoke during the World War.

The capture of the German position on the edge of the Oppy Forest
by the 15th British Infantry Brigade on June 23, 1917, under cover of a
smoke screen erected with artillery and trench-mortar smoke shell, sue-
reeded with few losses after previous assaults without smoke had failed.

The maneuvers of the 8th and 29th British Divisions south of Meteran
on Aug. 25, 1918, and the advance of the 1st, 2d, and 3d Canadian Bat-
talions, at Vis en Artois sector, were conducted with great success by the
aid of smoke. In both cases, under the cover of a dense smoke screen,
the German Front was penctrated and from 300 to 500 prisoners brought
in.

In crossing rivers, construeting bridges, and establishing bridge heads,
<moke was frequently employed with excellent results as in the following
instances:

The Austrian crossing of the Piave from Vidor to San Giovanni vn
June 15, 1918, was, in the opinion of eyewitnesses, successfully made
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chiefly because of a smoke screen so dense that it was impossible for the
excellently located Italian machine-gun flanking units 4o see.

The success with which the Germans in 1918 screened with smoke
their preparations for the transportation of troops over the Marne at
Dormans Vincelles-Vernouil was most noteworthy.

Smoke was also successfully employed in & number of tank attacks by
the Allies of which the following are outstanding examples:

In the battle at Malmaison, October, 1917, a smoke screen including
in part natural mist, concealed the majority of the French tanks so that
the German Artillery had little effect against them and their losses were
rorrespondingly amall,

The Bntish tank attack at Cambrai on Nov. 20, 1917, was also
favored by dense morning mist that was increased by intensive fire of
smoke shell by the British Artillery. In this attack 350 British tanks
moved forward in several waves and completely broke through the
German defenses,

French army officers report that in the battle of Metz, June 9-12
1918, the French counterattack against the right flank of the German
advance, made with four divisions with 12 tank seetions and two regi-
ments of horse artillery, was able to surprise the Germans and foree them
to retreat because of the protection afforded the counterattack by smoke.

By the fall of 1918 the planned use of artillery smoke shell by the
French had become normal. On Sept. 2, 1918, in the combats at Somey
und Soissons, three battalions of light tanks advanced behind a rolling-
smoke barrage; despite German heavy standing barrages and a well-
organized tank defense, the German lines were broken and 114 kilometers
of ground gained. In the hard fighting of the French Fourth Army in
1918 in the Champagne, the loss in tanks from artillery fire was greatly
reduced by the general use of artillery smoke shell.

Concerning the penetration of the German front by the British at
Amiens, on Aug. 8, 1918, during which 330 tanks, most of them heavy,
tushed through the German lines by surprize, General Fuller
rmphasizes that: “The only artificial element in this suecessful attack
was the ordinary smoke barrage inserted into our artillery plan, which
firc increased the haziness of the early morning hour and the confusion,”
In the hattle of Cambrai-8t. Quentin, Sept. 27 to Oct. 9, 1918, tanks of
the Ninth Tank Battalion made repeatedly euccessful use of smoke
sereens produced from the exhausts of their own engines and thus pre-
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vented Josses from the fire of German close-range guns.

During the German drives in the spring and summer of 1918, smoke
xhell were used in large quantities to blind observation posts and strong
points of resistance. Also In the German retreats in the fall of 1918,

~ike was used very generally to cover withdrawal from covering puosi-
224
tions, notably after the retreat from the Mame in 1918 and from the hill

to the east of Beaumont Hammel in the same year. On both of these
latter oceasions, by developing dense smoke screens, the Germans were
able to escape with emall losses.

Smoke was also widely employed by the British and by our own
gas troops in conjunction with their gas attacks. In smoke operations
the British Special (Gas) Brigade used over 40,000 4-in. Stokes smoke
hombs, and in one such operation, just north of Armentiéres on Sept.
26, 1918, 15,000 smoke candles were lighted by a single company.

Although drop bombs filled with white phosphorus were used to
some extent in the World War, the tactical employment of smoke by air-
planes was not developed to any appreciable degree.

On the whole, the tactical use of smoke during the World War lagged
behind the tactical use of gas. It is safe to say the possibilities of the
planned use of smoke in battle were only beginning to be realized at the
close of the war.

It is a fact that, while the Germans took and held the initiative in the
use of gas throughout the World War, the Allies excelled the Germans
in the use of smoke, both from a qualitative and quantitative standpoint.
This is explained by the Germans as owing to the lack of phosphorus in
Germany and its availability and employment in enormous quantities
by the Allies,

Sinee phosphorus was lacking in Germany and Austria, these coun-
tries had to resort to sulfur trioxide and other smoke-producing acids
which were inferior to phosphorus. Nevertheless, the Central Powers
made extensive and generally effective use of smoke during the last
two years of the war,

Since the war distinct progress in the development of smoke technique
and tactics has been made, particularly in the United States, Great
Britain, and Germany. Not only have the World War means of using
~moke been greatly improved, but an entirely new method of laying
=smoke screens by spraying from airplanes has been developed in all
important armies,

NATURE OF SMOKE

We have already pointed out that the military term “smoke” com-
prehends two basically different phenomena: (1) an aerial concentration
of minute selid particles resulting from combustion, and (2) an aerial
concentration of minute lfguid particles resulting from chemical reactions
not involving combustion. Neither of these phenomena can be scien-
tifically classified into any of the three standard physical states of matter.
On the contrary, both are " dispersed "’ forms of matter, known as colloidal
siispensions or solutions.
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The colloidal state of matter is characterized by an intimate admixture
of at least two phases—the dispersed phase and the dispersion medium.
by a dispersion of this kind is meant the regular distribution of one
substance into another in such a way that the individual particles of the
one substance are suspended separately from each other in the second
substance—in this case, the air, In this sense smoke is to be regarded
as a two-phase colloid whose digpersion medium (air) is in the gaseous
~tate and whose dispersed phase is a solid or a Liguid. So-called ecolloidal
solutions of this kind have physical and chemical behavior entirely
different from normal sclutions (such as sugar in water), in that the size
of the particles may vary within certain limits without causing the
solution to lose ite colloidal character.

The particles of a smoke or fog vary in size from those just large
enough to be perceived by the unaided eye to those that approach the
rize of single molecules, In general, smoke particles are intermediate
in size between dust partieles (10~ em,) and gas particles (10-7 em.) and
average about 10~* em. in diameter. As a rule, the smaller the particles
in & given quantity of emoke, the greater is their obscuring power; hence
the aim is to generate a smoke consisting of the maximum number of
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particles of minimum size.

Since smoke is a suspension of minute solid or liquid. particles, it is
not a true gas and does not follow the law of gareous diffusion. However,
owing to the collisions of the molecules of air with the smoke particles,
the latter exhibit Brownian movements as the result of which they
gradually diffuse and spread. Because of their greater mass and inertia
and the resistance of the air, the larger particles of smoke diffuse more
slowly than the smaller ones. But, compared with the effects of wind
and convection currents, diffusion plays an almost negligible part
in the dispersion of smokes; even in very dense smokes, the weight
of the smoke particles is only a small fraction of 1 per cent of the
weight of the air it occupies, so that a smoke cloud is distinguished
from the surrounding atmosphere only by the small amount of suspended
foreign material.

If smoke 15 released in warm air, it will rize a= the warm air expands,
i.e., becomes lighter than the surrounding air and rises.  1f released in
cold air, where these upward convection currents are absent, the smoke
will spread out in a horizontal layer and cling to the ground. The move-
ment of the cloud is therefore merely the movement of the air, which
accounts for the characteristic behavior of snioke clouds.

Since floating smoke particles are themselves heavier than air they
gradually fall, although at a very slow rate that varies with the sizge of
the particles. Thus, according to Grey and Patterson (31) a smoke
particle having a dinmeter of 107 em. (the most common size of smoke
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particles) falls about 0.071 in. per minute, which is so slow as to be neg-
limble for practical purposes.

In the same manner as particles in colloidal solution, smoke particles
tend to unite and increase in size by cohesion and coalescence as they
come in contact with each other by Brownian movements or air currents.
This agglomeration takes place much more rapidly in a dense than in a
thin smoke. When the smoke particles are completely dry, agglomera-
tion is not observed ; but when the particles are liquid, or of a deliquescent
solid with condensed surface moisture, this is more pronounced. The
inerease in the number and size of the larger at the expense of the smaller
particles mncreases the rate of settling and deecreases the concentration
of the cloud. Also, the smaller smoke particles vaporize more rapidly
because their surfaces are greater in proportion to their weight. From
the foregoing it follows that a smoke is most stable when its particles
are of the minimum size and consist of a dry nondeliqueseent solid
matenal.

OBSCURING POWER

Smoke ohreures visibility by obstructing the rays of light and diffract-
ing them by reflection from the individual smoke particles. Ax the
obstruction and diffraction of the light rays is dependent primarily
upon the number of smoke particles in a given volume, a maximum
number of the minimum-size particles produces the greatest obscuration.

The tactical value of a smoke is measured by its power to obscure
objects behind it. The term for such measurement is T.O.P. (total
obscuring power). The T.(.P. of any smoke is the product of (1) the
volume produced per unit weight of material used and (2) the density
of concentration. The density of a smoke is the reciproeal of the smoke
layer (in feet) necessary to obscure the filament of a 40-watt Mazda
lamp, and a cloud of unit density is one of which a 1-ft. vertical layer will
just obscure the filament. If the volume of smoke per unit weight of
inert smoke matenal is expressed in cubie feet per pouud and the density
in reciprocal feet, the unit of T.0.P. is square feet per pound. The
T.O.P. of & smoke is therefore the urea in rquare feet covered by the
smwke frum 1 b, of smoke-producing material, spread out in a layer of
such thickness and density that it will exactly ohseure the filament of a
rtandard 40-watt lamp.

Factors Affecting T.0.P.—The three factors that most affect the
T.O.P. of a smoke are (1) rate of =mettling, (2) humidity, and (3}
temperature,

By rate of settling is meant the velocity with which the smoke par-
ticles fall to the ground under the influence of gravity. This increases
with the size and density of the smoke particle. For particles larger
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than 107* em. {the most common size), Stokes law gives for the rate of
settling (in sir of spheres of unit density) a veloecity

V = 3 X 107 em. per second

This law does not hold aecurately for particles smaller than 10— em.,
tie steady veloeity of fall here being greater than indicated by the law.
But since convection currents are usually greater than the rate of setthing
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of particles 10~ em. in diameter (11 em. per hour), it is evident that such
particles would never settle in ordinary stmosphere. Hence, except in
very quiet nir, smoke particles must grow to the order of 10~* emn. before
appreciable settling can occur.  In quiet air, after some time, particles of
order 10-* cm. may settle out in apprecisble quantities, but particles
of order 107° ¢m. are probably precipitated only as a resuit of diffusion
and convection (31).

Chart XV shows the relation between T.0.P. and elapsed fime after
initial formation of a standard smoke, due to <ettling out of the smoke
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particles, Chart XVI shows the effect of humidity on the T.O.P. of a
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standard smoke, temperature being constant. Chart XVII shows the
vffect of temperature on the T.O.P. of a standard smoke mixture, humidity
remaimng constant,

From Chart XV it will be observed that T.0.P. at first sharply
increases and then progressively decreases with clapsed time after
generation of the smoke; Chart XVI shows that T.O.P. varies directly
with humidity; Chart XVII shows that T.0.P. varies inversely with
temperature.

These charts indicate typical relations between T.Q.P. and the factors
that principally affect it. While these relations apply in general to all
smokes, there are some notable exceptions; the T.O.P. of phosphorus,
e.g., it unaffected by temperature, and the T.0.P. of ammonium chloride
is unaffected by humidity. However, these are not important, for, while
thicre are a few exceptions to the T.0.P.-temperature law shown in Chart
XVII, ammonium chloride and carbon smokes (such as those generated
Ly erude vil) are the only smokes that depart from the T.0.P.-humidity
law, shown in Chart XV1.

Another useful measure for comparing the obscuring values of smokes
i= the so-called stendard smoke, defined as one of =uch density that 8
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25-candle-power electric light is just invisible through a layer of smoke
100 ft. thick.

PRINCIPLES OF SMOKE PRODUCTION

A satisfactory smoke cloud requires, in the first place, density; a
relatively thin layer of the smoke must completely obscure any object
behind it. In the second place, the cloud must be inherently stable; it
must not quickly dissipate or dilute, nor must it settle out. Third, the
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cloud must easily be produced without complicated apparatus or difficul-
tios of manipulation. Finally, the materials required for producing the
tloud must be readily available, easy of transportation, and not danger-
oux to handle,

Any smoke fulfilling these requirements must be composed of extremely
small liquid or solid particles dispersed in the air. The individual
particles must be large enough to disperse and diffuse Light ; but otherwise
the smaller the particles, the greater the obscuring power for a giveu
concentration of smoke in air and the more stable the smoke. The
diffusing power of a given particle is probably not greatly influenced by
its size, provided the particle is large enough to diffuse light at all. The
problem of smoke formation, therefore, reduces itself to the problem of
produeing a suspension of extremely small particles of the smoke-forming
substanee in air, Buccessful smoke production depends upon appreciation
und application of the following generalization,

Every particle of liquid, or ﬂﬁd, in contact with a gas is surrounded
hy & film of gas closely adhering to it and capable of removal or penetra-
lion only by the projection of another solid or liquid particle through it.
This film serves as an effective insulator, separating the particle from the
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gus around it, and breaking down only through mechanical rupture,
When such a particle travels through the gas, the film moves with it;
when the gus moves past the particle, the film is distorted and made
thin, but in no case completely removed. The protective action of this
film upon the solid or liquid surface ean never be lost sight of if the
phenomena of cloud and smoke formation are to be appreciated.

Such particles of solid or liquid suspended in gas do not diffuse. This
faet in connection with the insulating power of the gas film around them
imakes the removal of them from the gas extremely difficult. For
example, gas containing a small amount of HC| can be washed free from
tire acid by bubbling through water, even though the rate of bubbling
w very high., On the other hand, a gas containing & fume of NH,Cl can
In: hubbled through water almost indefinitely without appreciable removal
of the fuine,  The HC) being a gas, diffuses with extreme rapidity through
the stutionary film of air on the surface of the water in contact with the
bhubbles and i this way is effectively removed, and the solid particles
incapable of diffusion pass through unabsorbed.

Such small suspended particles of either liquid or solid have also prac-
tieally no tendency to coalesce, Even should two such particles tend to
approach each other, they are held apart by the cushion or huffer effect
of the air films around them, If, however, the particles be large, two
particles approaching each other may have sufficient momentum to
penetrate mechanically the surrounding gas films and in thix way come
together,  Particles large enough to evidence this phenomenon-to any
ronsiderable degree are too coarse to be described as simokes or fumes.

A smoke or fume, once formed, ean undergo growth of the pfarticles
anly through condensation of gaseous or vapor components in the air
around them. Thus, & particle of NH/Cl can grow only by the diffusion
into it through the gas film surrounding it of gaseous NH, and HCl. A
particle of water in a fog grows ouly by the infusion of atmospherie water
vapor through the air Alm surrounding the drop. In other words, in
order to build up a particle of smoke or fume, that particle must be
formed by the condensation of gaseous components. It cannet be pro-
duced from lLiguid or sohid reagents.

In illustration, a fume of NHCl is formed only by the interaction of
the vapors of its components; 80; cannot be absorbed by water because
it reacts with the water vapor above the liquid surface to form a fog of
sulfurie acid, the water vapor being continually replenished as fast as it
is exhausted by evaporation of the water and diffusion of the water vapor
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through the stationary film of air about the liquid; and HCI can be
readily absorbed by aqueous ammonia, because of formation of a fog by
interaction with the ammonia vapor from the solution. Only substancex
which volatilize before burning, such as soft coal, phosphorus, and the
like, produce a cloud or smoke upon eombustion,

To produce a smoke composed of particles of suitable minuteness, it
ix necessary that the components from which the smoke ix formed he
diluted with some inert gas before condensation. If this precaution ix
uiot observed, the particle of smoke initially formed will grow with extreme
rapidity, owing to further condensation of its components, so that a large
particle resultx,  Only when the particle first formed finds the space
around it depleted of its components, does it cease to grow. It i there-
fore self-evident that to produce a high-grade smoke, a diluted gas must
be emploved.

One of the most striking illustrations of thix is the fart that phos-
phorus burned in a large excess of air, with good ecirculation, proaduces
an extremely stable smoke; in insufficient air, with poor circulation, the
smoke settles rapidly and has little chseuring power. Every smoke thus
fur studied shows very markedly the bemeficial effect of dilution, even up
tn & dilution of several hundred times. Many reueting gases when
diluted with 100 times their volume of air show from 20 tn 50 times the
1.0).P. obtained when the gases are diluted with but twe or three volumes
of air.

In general, dilution is beneficial up to a puint where the teaction
begins to be incomplete.  This occurs mueh sooner when a large number
of moleeules must participate in the reaetion thau when the reaction is a
simple one.  For example, the first step of the reaction between chlorine
and ammonia is 3Cly + 2NH, = 6HCI 4 N;; the rate of thin fifth-order
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reaction drop= off a« the fifth power of the concentration, and thefefore
begins to be complete before the full beneficial effects of dilution can be
renlized.  On the other hand, HC] and NH; can be diluted to a very high
fdegree without preventing complete reaction, and therefore the obseuring
power per pound ean be made thiree times ax great as= that for ammonia
and chlorine, although the substances formed are exactly the same.

If the smoke consist= of a nonvolatile solid, it makes practically no
difference how the diluent air i distributed hetween the two reacting
bases, any method of dilution being about equally effective in the pro-
duetion of a larger number of small particles, On the other hand, if
there is the possibility of forming at any stage of the process liquid drops
that grow in the presence of an exeess of either component ur if there i~
the possibility of forming two different ecompounds, the method of dilu-
tim becomes quite important and the best method must be determinesd
by a study of the reaction in question,
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In order that & smoke shall have reasonable stability, it must be non-
volatile, or nearly so. A smoke produced by the condensation of HC)
nnd water vapor clears up rapidly in ordinary air, owing to complete
cvaporation of the mixture. The same is true of & smoke of ammonium
carbonate and similar substances. SBuch smokes will also frequently
hlock out the particles growing by the following mechanism; a small
particle has & higher vapor pressure than a large one; such a emall particle
tends, therefore, to evaporate and to diffuse through the stationary air
films surrounding it, condensing later upon some larger particle. This
results in the disappearance of the smaller particles and growth of the
larger ones.  Thus, SnCl, reacts with water vapor to make a fog, consist-
ing of a8 mixture of particles of stannic hydrate and a solution of HCI in
water; this fog is poor because the stannic liquid particles rapidly and
completely evaporate in unsaturated air. The use of ammonia in the
production of this fog greatly improves it by introducing stable ammo-
nium chloride particles.

Other things being equal, liquid particles are poorer than solid par-
ticles beeause they tend to condense into themselves any one of their
components that may be present in excess, while a solid particle will only
condense in a very small excess of one component before ceasing to grow.
For example, a fume formed from HC! and water vapor will condense
either water vapor or HCI almost indefinitely, whereas one of ammonium
chloride will not grow in the presence of either component. Deliquescent
solids are, of course, open to the same objection, since they continue to
absorb moisture and grow to small drops of saturated solution.

SUBSTANCES USED AS SMOKE AGENTS

The substances that have been suceessfully used as smoke agents fall
into five main groups, viz., smokes that owe their obscuring power to: (I)
particles of colloidal earbon suspended in air; (I11) particles of phosphoric
acid; (IT1)} sulfurie acid; {IV) hydrochlorie acid; and (V) zinc chloride.

Fach of these groups appeared about in the order named and, except
for phosphoris (the best of all smoke producers), each was an improve-
ment upon its predecessor,

Grovur |
Crude Oil (CO)

The earliest modern method of producing arfificial smoke was by the
meoniplete combustion of the crude-oil fuel under the boilers of naval
vessels, espueeinlly destroyers.  Crude-oil smoke was used by the Germans
i thee Daithe of Jutland (1915) to cover a turning movement that enabled
the German High Seas Fleet to egcape from the pursuing Dritish, It v
now used hy all navies to erect smoke sereens at sea.
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The oil used for this purpose is the mixlure of hydroearbons known by
the trade name of erude oil. It is a liquid of 0.8 specifie gravity which
solidifies at —20°C. {(—3°F.) and boil= at 200°C. (392°F.). Whon incom-
pletely burned it evolves a dense black smoke that derives its opacity
from particles of rolloidal carbon floating in the air.  Oil smoke is slightly
suffocating when dense, but has no other deleterious physiological #ffert~
1t is one of the few artificial smokes that are not afiected by the huniidity
and is noncorrosive tu muterial,
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The smoke produced from erude oil may be generated in three ways:

1. The oil may be evaporated by heat and condensed again in the
air to form small droplets. Such smokes are, however, very unstable
owing to the vapor pressure of the cil, which causes it to assume the
gaseous state with consequent disappearance of the colloidal carbon
particles that constitute the smoke.

2. The oil may be only partially burned, the carbon thus separated
in solid particles which at first float in the air and form a dense smoke.
The solid particles soon coagulate into flakes that quickly settle out and
drop to-the ground. Such smoke is therefnre quickly dissipated and has
poor screening value,

3. The best method i & combination of the first two; ¢.e., there is
an imperfect cumbustion of the oil and at the same time an evaporation
of the exeess oil. In this case the liquid particles surround the solid
particles of carbon and prevent their coagulation into flakes. Such a
=smoke is grayish black and is far more stable.

Notwithstanding the tendency to clog up the flues by depositing solid
carbon therein, all modern navies use this method of producing smoke
screens at sea. It requires no special apparatus, is cheap, and can readily
generate large screens in a short time, Two ounces of crude oil are
required to produce 1,000 cu. ft. of standard smoke and the cost iz 8 cents;
thiz is therefore the cheapest of all artificial smoke producers.

British Type § Mixture

The first material used in the World War for the generation of artificial
~moke on land was the British Type B smoke mixture. This was used as
a filling for the first smoke candles, called “Smoke Torch, Mark I,
Type 8,” and consisted of the following ingredients:

Per Cent

by Weight
Potassium Nitrate. . ... ... ..o e 45
=111 117 oSS 12
Piteh, . .. e et a e e . 3
B O BT . .ottt i et et e e e e e fl
) T i
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Later in the war these ingredients were somewhat modified for the Smoke

Candle, Mark 11, Type 8-1, to include:

Per Cent,

by Weight
b 12T <P AR 14
Piteh (hardy. .. .. 29
£ v (5 S S !
Corl QUEL. . e e e e e sa e, H

The ingredients were ground, mixed, sereened, and, while still in » plastic
condition, pressed into a 3-lb. tin container.

These candles burned vigorously for about 3 minutes and generated
4 large volume of yellowish brown smoke. The obscuring power of the
<moke was due principally to the incomplete combustion of the solid
carbon particles in the pitch. Its T.O.P. was quite low (460) and itx
<creening properties were unreliable since the smoke had a tendency to
rise rapidly, break up, and leave gaps in the rereen.  Yet the agent was
cheap, easily produced from readily available materials, and had good
keeping propertiex. These candles were therefore used in large quantities
through the war by both the British and American armies.

Grour II
White Phosphorus (WP)

One of the earliest and by far the most efficient material used in the
war for generating artificial smoke was phosphorus. This element exists
in two allotropic forms: white phosphorus and red phosphorus. White
phosphorus, the normal and common form, was discovered in 1669 by
the German chemist, Brand, who noted that it is spontaneously inflam-
mable at ordinary temperatures and burns with a dense white smoke.
While both white and red phosphorus were used in the war, white phos-
phorus was by far the most effective and the most widely efployed and
ix the form now generally denoted by the word phosphorus.
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Phosphorus is produced on a large scale in industry by heating pho~-
phate rock (caleium phosphate) in an electric furnace. Such phosphates
exist in enormous quantities in the United Statex and North Afriea.

White phosphorus is formed by guickly cooling the vapors distilled
from the phosphate rock. When pure il 5 a waxy solid, of 1.8 apecific
gravity, which melts at 44°C. (111°F.) and boils at 287°C, (549°F.). It
is chemieally very active and combines readily with oxygen in the air,
even at room temperature. The greater the surface exposed to the amr,
the more rapid is the reaction. Upon oxidation the phosphorus beeomes
laminous and in a few minutes bursts into vigorous flames that can only

be quenched by complete submersion in water. It must therefore be
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stored and worked entirely under water. White phosphorus is insoluble
:n water but readily soluble in fats and in carbon bisulfide,

Red phosphorue ik produced by heating white phasphorus tn a tem-
perature of from 250° to 300°C,, out of contact with air, and then dissolv-
ing out the small traces of unchanged white phosphorus with suitable
«olvents. Red phosphorus is a reddish brown amorphous powder, of
2.3 specific gravity, which is chemically much less active than white
phosphorus. In contact with air at ordinary temperatures, it remains
unchanged for a long time; it does not appreciably dissolve in carboun
hisulfide and the ordinary solvents for white phosphorus; it does not
beeome luminous; and it can be heated to 260°C. before it igmites. It
vapors are not toxic as are the vapors of white phosphorus.

Both forms of phosphorus combine with oxygen in the air to form
phusphorus pentoxide:

4P 4 5}y = 2Ps()s

The phosphorus pentoxide isx then converted by the moisture in the air
to phosphorie avid:

EP:DI. + ﬁH:{_} = 4H:PU4

Thus 1 1b, of phosphorus combines with 1.33 1b. of oxygen and 0.9 1b. of
water to form 3.23 lh. of phosphoric acid, which makes phosphorus the
hest smoke producer, pound for pound, of any known material. The red
phosphorus does not equal white phosphorus for generating simoke and
for that reason is seldom used alone, but it ha= been mixed with white
phosphorus in the ratio of 1:2 in artillery and trench-mortar smoke shell.

While the vapors of white phosphorus are exceedingly toxic, these
vapors are so quickly oxidized to phosphorus pentoxide and phosphorie
acid as to be harmless to men and animals in ordinary field ronceentra-
tions. There is some difference of opinion as to the physivlogical effect
of phosphorus smoke beeause of the possibility of the continued presence
of phoxphorus vapors therein. Extensive field tests, however, have
siown no injurious effects from phosphorus smoke under conditions
which obtain in the field.

In addition to itr smoke value, phosphorus is of tactical importance
heeause of its burning effect upon both personnel and material.  In con-
tact with the body, phosphorus produces burns that are slow and difficult
to heal; thus the firing of phosphorus sgainst personnel hax a peychological
value that greatly increases its tactical effectiveness.  Aguinst material,
however, the incendiary effect of phosphorus is limited, as it ignites only
readily eomhustible materials, so that here it is inferior to therrmite and
other primarily incendiary materials.
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The principal disadvantages of phosphorus are: (1) the difficulty of
storage and handling; (2) the bright flame produced when burning; and
(3) that it is a solid and cannot be sprayed without dissolving in highly
inflammable and dangerous solvents. In spite of these drawbacks, phoe-
phorus remains today one of the most efficient smoke-producing materials.

Grour 111

Sulfuric Trioxide (50,)
Sulfuric Anhydride

Next to phosphorus, sulfur trioxide was the best smoke producer used
in the war, notwithstanding that it requires humid air to develop its full
effect. It is prepared by passing a mixture of sulfur dioxide and oxygen
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over a catalyst (such as gponge platinum) at a temperature of from 400° to
150°C. It may also be obtained by the eatalytic combustion of sulfuroux
acvid in special contact ovens. When pure, sulfur trioxide ir a mobile
colorless liquid, of 1.92 specific gravity, which boils at 45°C. (113°F.) and
freezes at 18°C. (60°F.) into & transparent solid of 2.75 specific gravity.
1t also polymerizes spontaneously into an asbestoid crystalline mass,

{8O3)e, of 1.97 specific gravity, which melts at 40°C. (104°F.) into the

liquid commereial produet. On contact with the air it fumes vigorously
and throws off dense white clouds composed of minute droplets of sul-
furous snd =ulfuric acids.

Suifur trioxide produces its smoke effect by the formation of fine
droplets of sulfurous and sulfurie acids that remain suspended in the air
for some time because of their minute sige, and then are not volatilized
because of the low vapor pressure of these acids. As the BO, fumes com-
bine with moisture in the air, conecentrated sulfuric acid is formed, which
attract= more moisture and tend= to become diluted, until finally an equi-
librium ix established between the moisture in the air and the sulfurie
acid droplets, the latter being concentrated in proportion to the humidity
of the air. Sulfuric acid is not so hygroscopic as the phosphoric acid
formed by burning phosphorus, and the formation of its droplets stope
sooner, 2o that sulfur trioxide smoke is less stable than phosphorus smoke.

Since sulfurous and sulfuric acid are corrosive, the 80; smoke has a
somewhat irmtant effect upon the respiratory organs and the skin. A
conmrentration of even 0,010 mg. per liter causes a hacking cough which
= muech aggravated in higher concentrations, A concentration of
0.030 mg. per liter completely obscures ohjects 20 ft. distant. In humid
weuther sulfur trioxide has an obscuring value equal to 70 per cent of
that of phosplhiorus.

During the war sulfur trioxide was used as a filling for German
artillery and trench-mortar smoke shell.  Since the war extensive experi-
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ments bave been made in Germany, England, and America in spraying
ailfur trioxide and other liquid smoke-producing materials from airplane
ianks for the production of smoke =creens. Various poriable devieces
have also been invented for evaporating and spraying 80? to form smoke
concentrations on the ground.

Oleum (SO; + H,S0,)
Fuming Sulfuric Acid

i ewn ir & solution of sulfur trioxide in coneentrated sulfuric arcid,
the proportions of BO, varying from 20 to 40 per cent. It is a dense
liquid that fumes vigorously on contact with air. During the war, for
producing smoke sereens on land and sea, the Germans used special
«moke generators (Nebelkalkraketen), in which oleum was brought in
contaet with quicklime. In these generators the oleum was permitted
to drip on a bed of quicklime, which in a few minutes beeame red hot
from the heat of the reaction (68,600 calorie= per mol) and quickly evap-
orated the oleum which continued to driponit.  The smoke thus formed
wix vigorously emitted in a very finely atomized form, free from large
drops,

Oleum was also used in the war by the Americans for generating
~moke from airplanes and combat tanks by squirting a small stream of
it into the hot exhaust manifolds of the engines. In this way, the engine
+xhaust heat was used to evaporate the oleum in lieu of the heat chemi-
cally generated by quicklime in the German smoke generators,

Experiments with oleum show that its smoke-producing power is dus
solely to its sulfur trioxide content, the sulfuric acid itself acting only ax
w solvent. Pure sulfur trioxide is superior as a filling for smoke shell,
while oleum gives better results when progressively evaporated by heat.

Chlorsulfonic Acid (HCISO,)

Chemically and as a smoke producer, chlorsulfonic acid is very similar
tu sulfur trioxide. It is obtained by acting on sulfur trioxide with gaseoux
hydroehlorie acid:

§80: 4+ HCI = HCISO,
Thix ix & colorlexs liquid, of 1.77 specific gravity, which boils at 158°C
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(316°F.) and fumex on contact with air, forming =uifuric and hydroehlorie
acidr;

HCIS0, 4+ H0 = H,80, + HCl

Chlorsulfonic acid was first used by the Germans, who adopted ii a~
t smoke agent early in the war, using the oleum process of dripping on
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quicklime. It produces a volatile and not very dense smoke and has
now heen superseded by other materials.

Sulfuryl Chloride (S0,Cl,)

A third smoke-producing substance closely related to rulfur trioxide
i= sulfuryl chloride, This compound iz a colorlse extremely pungent
liguid, of 1.66 specific gravity, which boils at 70°C. (158°F.) and decom-
puses on contaet with moisture in air to form sulfuric and hydrochloric
scids.  Its efficiency as a smoke producer ix very much lower than the
uther substances in this group and for that reason wa= not used alone as
a smoke agent. It was, however, extensively empluyed by the Allies in
mixture with certain toxic gases, such a= phosgene and chlorpicrin, as s
“fumigant ™ to render the toxic-gas concentrations visible,

Sulfur Trioxide—Chlorsulfonic Acid Mixture (8(), + S(),HCH
Ameriean: “TR"

The several disadvantages of titanium tetrachloride led to search for
a substitute liguid and finally rexulted in the discovery that a mixture
consisting of sulfur trioxide and chlorosulfonie acid produced a superior
snioke agent,

This mixture, known by the symbol “F8,” is a liquid of 1.91 specific
gravity, which freeges at —30°C. (—22°F.), and has a T.O.P. of 2,550 as
compared to 1,900 for titanium tetrachloride. F8 costs only 7.5 cents
per pound as compared to 30 centx per pound for FM ; it deposits no solid
resiciue un hydrolysis and therefore flows freely from nozzles without
elogging the eduction ports. There is no marked difference in the rate
of xettling of the two smokes, so that they are about equal in persisteney.

The only disadvantage of FS is its highly corrosive action on metals
and airplane fabnes, although in this respect it appears to be no worse
than FM. Because of its all-around superior qualities, F8 has been
adopted as the standard liquid-=moke agent of the United States Army
and Navy.

Grovr IV

Tin Tetrachloride (SuCl,)
British: “KJ"; French: “Opacite"

As phosphorus was very dangerous to work with and could not be used
in liquid form for spraying without extreme hazard to using troops, and
since the various 80, compounds oxidizing suliuric acid were very cor-
rosive, much effort was expended toward the end of the war in finding
asuhatitute smoke agents free from these disadvantages. This resulted
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in the introduction of & series of metallic ehlorides of which tin tetrachlor-
ide was the first.
This compound is obtained by the direct chlorination of metallie
tin, It is a liquid of 2.28 specific gravity, which boils at 114°C. (237°F.).
It fumes in the air and hydrolyzes into stannic hydroxide:

8nCl, + 4H,O0 = 8n(OH). + 4HCI

The smoke thus produced is only one-half a= dense as sulfur trioxide
smokes, but is less corrosive and far more penetrant to the gas-mask
canisters used during the war. For this last reason tin tetrachloride was

employed principally in mixtures with phosgene and chlorpierin to increase
the visibility and penetrability of the gas clouds generated therewith.
It is very expensive and the scarcity of tin caused other compounds to be
substituted toward the end of the war,

Silicon Tetrachloride (8iCl,)

The next metallic chloride used as a =moke agent was silicon tetra-
chloride. This compound ix prepared by heating silicon or silicon car-



rOOR MAN'S JAMES BOND Vol. 2

hide with chlorine in an electric furnace. It ix a colorless liquid, of
1.52 specific gravity, which boils at 80°C. (140°F.) saud fumes strongly
uli vontact with the moisture in the nir by which it iz hydrolyzed:

BiCl, + 4H,0 = Si(OH), + 4HCI

At a concentration of 0.20 mg. per liter, no further hydrolysis
takes place, but an equilibrium seems to be established in which the
hydrochloric acid liberated prevents further decomposition, In fact,
when the hydrochloric acid becomes too great the above reaction may
even be reversed and the amount of smoke actually diminished. If,
Liowever, the excess hydrochloric acid is neutralized by reaction with
wmunonia, hydrolysis of the silicon tetrachloride proceeds smoothly

SiCly + 4NH, + 4H,0 = 8i(OH); + 4NH.Cl

and a dense smoke is obtained, Thus, while the value of silicon tetra-
rhloride alone as a smoke producer is limited, it= smoke-generating power
with ammonia vapors is five times as great as rilicon tetrachloride alone
and exceeds even that of phosphorus. Moreover, the smoke thus gener-
sted is much lexs irritant to the respiratory organs.

50 closely dors this smoke resemble natural fog that, when it wax
employed by the British in their naval attack on Zeebrugge, the Gerinan
defending forces thought the smoke coming in from the sea was a natural
fog, and the British thus sueceeded in approaching the harbor unseen.
The so-called smoke funnels that the British used in this attack consisted
of iron cylinders 2 ft. in dinmeter.u‘illlt:m which gaseous ammonia and
siliron tetrachloride were injected, the latter by means of carbon dioxide.
The results obtained were so satisfactory that small portable smoke
knapsacks, embodying the same method of operation, were also eon-
«tructed and frequently used with good results in the field.

The only disadvantage of the silicon tetrachloride-ammonia method
of generating smoke is its complication, and for this reason other smpler
methods of smoke production were developed for field uwe.

Owing to its comparstively high volatility, silicon tetrachloride has
nlso been used to lay smoke screens by spraying from airplane tanks.
The droplets are volatilized after falling a very short distance ahd good
results are obtained. However, ammonia is also necessary in these
devices, which constitutes an undersirable complication in the apparatus,
Iixeept for this drawback, the silicon tetrachlorideé-smmonia mixture is
une of the most effective smoke producers zo far devised.

Because of the shortage of tin towsard the end of the war, silicon
tetrachloride was substituted for tin tetrachloride in gas ghells,

Titanium Tetrachloride (TiCly)
German: “F-8toff"; American: “FM"

The complications involved in producing dense smoke by use of
wmmonia with gilicon tetrachloride caused the introduction of titanium
tetrachloride by the Allies, near the end of the war, as a substitute for
tin and silicon tetrachlorides.

This compound is obtained from rutile TiOy which is found in natural
heds in Norway and in Virginia. The rutile ore is first mixed with 30 per
cent carbon and heated to 650°C. in an electric furnace. A fused mas
i~ formed, consisting of titanium carbonitride (Ti;C,N,) and titanium
carbide (TiC), which is converted to TiCl, by heating with guscoux
chlorine. 'The product is a colorless highly refractory liquid, of 1.7 specii-
ie gravity, which boils at 136°C. (277°F.) and solidifies into white crystals
at —23°C. (—9°F.). It reacts vigorously with the moisture in the air,
forming titanie acid hydrate and hydrochlorie acid:

TiCl, + 4H,0 = Ti(OH), + 4HCI

with the evolution of dense clouds of acnd white smoke. The titanic
acid hydrate forms finely divided solid particles in the smoke while the
hydrochlorie acid is in the gaseous siate.

Like silicon tetrachloride, complete decomposition of the titanium
tetrachloride, according to the above equation, is inhibited by an excess
of hydrochloric acid. Therefore, the best smoke is formed when the
titanium tetrachloride is present in low coneentrations and there is an
excess of moisture in the air (five parts of water to one of the tetrachloride,
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24)
instead of the theoretical four parts). Owing to these peculiarities, when
it is used in concentrations under 0.080 mg. per liter and when the
homidity i= high, titanium tetrachloride is superior in obscuring power
to =ulfur trioxide; but when the concentrations are high and the humidity
low, it ix inferior.,

On account of its hydrochloric acid content, titanium tetrachloride
smoke is aerid, but in ordinary field coneentrations it is not sufficiently
irritating to the respiratory system as to cause coughing or other unpleas-
ant phy=iological eflects. The smoke can be nentralized and rendered
vompletely harmless by the simultaneous use of ammonia which fixex
the hiydrochloric acid and greatly increases the density of the smoke by
the addition of ammonium chloride. While the addition of ammonia
almost doubles the obscuring effect of the titanium tetrachloride, the
total amount of material required is doubled, so that no advantage ix
gaived from the standpoint of weight. Also the apparatus employing
two liquids is much more complicated and, as titanium tetrachloride alone
ix an excellent smoke producer when used in the proper proportion to the
maoisture content of the air, the use of ammonia is not necessary.

Because of its high boiling point and not too great volatility, titanium
tetrachloride is peculiarly adapted for use in laying smoke screens from
airplanes since each individual droplet ean move through a great distance
before it is completely volatilized and hydrolyzed. For this reason it
was adopted as the standard American liquid-smoke agent for several
years [ollowing the war. Because of its relatively high cost (about twenty
times as much as sulfur trioxide for equal smoke effect), the fact that in
hydrolyzing it deposits a gummy solid residue that clogs up the emission
orifices of the sprayer, and its corrosive action (in liquid form) on metals,
titanium tetrachloride hax been displaced by the much cheaper and more
generally satisfactory =moke agent FS.

It requires 0.13 oz. of titanium tetrachloride to produce 1,000 cu. ft. of
stitndard smoke, as against 0.06 oz, of phosphorus, so that, on a basis of
rpual weights, the former is about 40 per cent as efficient a smoke pro-
durer as the latter,

Titanium tetrachloride, although more expensive and not otherwise
superior to F8, ix nevertheless used as a filler in artillery and mortar-
smuoke shell,

Grour V
Berger Mixture (Zn 4 CCl; 4+ ZnO + Kieselguhr)

The next group of substances employed during the World War as
snioke agents were compounds and mixtures containing zine that gener-
aled the so-called zine smokes. The first substance of this type to bw
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introduced was a mixture containing carbon tetrachioride and zine dust,
called ‘‘Berger Mixture” after the French chemist, Berger, who invented
it. The original Berger Mixture as used by the French government
during the war had the following composition:

Per Cent,

by Weight
Zime (UM ). . e e .2
Kieselguhr. .. . e e e e 5

The theory of this mixture is as follows: Finely divided metallic zine
reacts vigorously with organic chlorine compounds {e.g. carbon tetrachlor-
ide or hexachlorethane), forming zine chioride:

2Zn + CCl; = 2ZnCly + C

This reaction liberates a large quantity of heat, which instantly evaporatex
the zine chloride and generates a dense cloud of smoke. As the reaction
quickly raises the temperature to 1,200°C., it has to be moderated by the
addition of a volatile substance, such as an excess of carbon tetrachloride,
thut absorbs heat during evaporation. In order to prevent the heavy
zine dust from settling to the bottom of the liquid carbon tetrachloride,
un absorhent, kierelguhr, is added, forming a smooth paste which cannot
again be reparated into its constituents, The ginc oxide used in the
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original mixture was practically useless as its absorbent power is small,

In order to ignite and rtart the Berger Mixture to burning, an igniting
composition consisting of iron dust and potassium permanganate was
employed. Thi= ignition composition was started with an ordinary
match head.  About 3 lb. of Berger Mixture were pressed into a tin
container about the rize of a large tomato ean and covered with a layer
of igniting mixture; in this way were obtained the smoke candles used in
the World War,

Smoke candles made with Berger Mixture had many advantages over
the liquid smoke producers. They were chemiecally inert and entirely
harmless until ignited and could not be fired even if hit by projectiles.
They could he stored for long periods without deterioration, occupied a
relatively small storage space, and could be eaxily transported, handled,
and operated. The smoke generated was quite harmless and produced no
irritant effecte until the concentration exceeded 0.100 mg. per liter,
which was far in excess of ordinary field concentrations. The principal
disadvantages of the Berger Mixture smoke candles were: (1) high reac-
tion temperature and the dispersion of sparks that caused fires; (3) the
mixture was somewhat erratic in burning and did not utilize all jts ingre-
dirnts to their full values; (3) the ZT;'-EF genernted was light gray with
considerable carbon in the residue. Berger Mixture was also not suitable
for use in smoke grenndes, artillery shell, or airplane bombs, ax it 12 too
slow in igniting and burning.

In order to improve the performance of the original Berger Mixture,
a great deal of experimenting was done and a large number of formulas
for this mixture are found in chemicol-warfare literature. Regardless,
however, of the variations in the mixture, the general principles of opert-
tion are the same; one part by weight of zine dust to two parts by weight
of carbon tetrachloride furuisl the muin reaction, to which is added enough
absorbent material, such as kieselguhr, to form a denghlike paste which
cannot be reduced to its original ingredients.

“B.M. Mixture” (Zn 4 OCl; + NaClO; + NH,Cl + MgCls)

The American improvement va (he original Berger Mixture was
worked out in 1917 by the U. 8. Burean of Mines, and was therefore known
as “B.M. Mixture.” It had the following composition:

Per Cent,

by Weight
Zine (dust). ... ... 35 .4
Carbon (etrachloride. ... ................... A § I
Bodivm chlorate.............................. ... .. ... %28
Ammonium ehloride. .......... ... .. ., 5.4
Magnemum carbanate. . . ... ... .. ... ... .. ... ... .. ...... .. 5.3

The changes in the original Berger Mixture, shown in the foregoing
formula, were made for the following reasons: The original Berger Mix-
ture produced & gray smoke and lacked vigor in reaction. The first step,
then, was to add a substance to oxidize the carbon, thereby changing
the color of the smoke from gray to white and at the same time sccelerat-
ing the reaction. For economic reasons, sodium chlorate was chosen for
this purpose. The addition of sodium chlorate greally increased the
quuuntity and quality of the smoke produced, but made the rate of burning
too rapid, the heat of reaction too great, and the smoke too hot. The next
#tep was therefore the substitution of ammonium chloride for the zine
oxide of the original Berger Mixture. Byabsorbing a great deal of heat in
its volatilization, this cooled the smoke and considerably retarded its rate
of burning. It also added materially to the density of the smoke, as the
obscuring power of the chloride itself is high. The last step was the
substitution of magnesium carbonate for the kieselguhr in the original
mixture. Kieselguhr was not satisfactory as an absorbing agent. It
lacked constancy of composition, contained variable amounts of moisture
and organic matter, and swelled, caked, and arched badly upon burning,
thereby causing irregularities in the rate of combustion of the mixture.

Magnerium earbonate proved a better absorbent, gave & smoother hurn-
244
ing mixture, and added to the density of the smoke by wvirtue -of the

magnesium mechanically expelled.
By reason of these changes, the T.0.P. of the smoke was increased
from 1,250 to 1,400 and the smoke had far better hanging properties, was
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not as easily disturbed by air currents, and did not dissipate as rapidly.

In vrder to give & quick puff of smoke at the beginning of the reaction,
when the standard B.M. Mixture was just starting to burn, a “fast”
mixture was employed, having the following composition:

Per Cent,

by Waeight
dime (dust)......... ... 30 .2
Carbon tetrachloride. ,........................... ... . 35.1
Sodium chlorate. ............................... .. 24.9
Line oxide. . . .. 9.5

This burns much more rapidly than the standard mixture, as ammo-
nium chloride and magnesium carbonate are absent and the zine oxide
acts as the absorbent.

B.M. Mixture was employed in smoke candles, grenades, and floating
boxes for naval use. These devices, in addition to the standard and fast
B.M. smoke mixture, also contained two starting mixtures, as follows:

Starting Mixture 1 served to start the reaction and was of the following
composition:

Per Cent,

by Weight
Powderedeulfur.................................... 20 .7
Zane (dust)......................... .. ... ... ce...... B3
Zincoxide......._ ... ..., ...., R T 10 .2

Starting Mixture 2 received the flash from the igniting mateh head,
served to burn through the igniting cup, and ignited the Starting Afix-

ture 1. It consisted of:
Per Cent,
by Weight
Powdered fron (redveed)........................ ... 46 .6
Fotassium permonganate ... . . ... .. e e ‘53 .1

As compared to the British smoke mixtura, the B.M, rinoke mixture
had certain definite advantages. It burned more uniformly and freely,
left » mueh smaller residue, and the smoke had better hanging properties
and greater persictency. Morecover the T.O.P. of the B.AL smoke was
1,400 as compared to 460 for the British Type 8 smoke mixture. Iis
disadvantages were: (1) absorbents that constituted about 25 per cent
of inert material; and (2) the necessity for an absolutely airtight con-
tainer ta prevent the evaporation of carbon tetrachloride. Nevertheleas,

the B.M. Mixture was the most efficient smoke producer of this type
developed during the war, 245

HC Mixture (Zn + CsCl; + Zn0)

Since the war efforts have continued in America to produce & better
sinc-smoke producer by improving the B.M. Mixture,

Solid hexachlorethane (C,Cls) was substituted for and found to be
much superior to carbon tetrachloride. It proved to be an equally good
source of chlorine and, being itself a solid, eliminated the necessity for
an inert filler such as magnesium carhonate,

As an absorbent in place of sodium chlorate and
zine oxide was substituted.

The new mixture, used in smoke candles HC, MI, cvalained the fol-
lowing constitutenta:

ammonia chloride,

Per Cent,
by Weight
Zine (dust)...... .. .. 28
Hexachlorethame. ................. ... ... ... ... ... 50
Zineoxide. ... ... . 22
This mixture was ignited by a startin g mixture composed of :
Per Cent,
by Weight
Antimony. ... 76 .4
Zine (dust)..... ... 11 .B
Potassium perchlorate..... ... ... . . veens 118

The original HC smoke mixture, as & result of continued development

and improvement, has evolved to the following eomposition used in
smoke candles HC, MII:

Per cent

Fast mixture Slow mixture
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Zine (dust}..........0.00e.., . 36 | 36
Hexachlorethane, .. ..., ........ 13 H
Aruponium perchlorate. .. ... .. 13 10
Ammonium chloride. .. .. ... ... 6 10

T_hf- ﬁl{i1tg of thix smoke candle consists of about nine-tenths slow-
hullmmg mixture and onc-tenth fast-burning mixture. The fast-burning
mixture is placed as a layer over the slow-burning mixture and is ignited
hy a starting mixture consisting of :

Per Cent,
by Weight
Potasgsium niteate, . ... .. . ..., ..... G B0 0 s s aa R e B0 oo 42
Ferrous sulfide, . ... ... ....... ... F RN Eadritateiammaanrsan 26
Dextrin. . ... .. ..., .. [Lm x mx e e E e e H e e e e b e - f
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The chemical reaction in the HC Mixture is as follows:
3Zn +4 CyCly = 3ZnCl; 4 2C

The ignition and burning processes are similar to those of the B.M, Mix-
ture, but the reaction is less violent and no delaying agents are necessary.
The mixture is also more stable and more efficient per unit weight than
the B.M. Mixture,

This HC Mixture, MII, is now the standard smoke producer for
smoke candles and pots in the United States Army. It requires only
0.12 oz to produce 1,000 cu. §t. of standard smoke and represents the most
advanced development of the zinc-smoke type of smoke agents.

COMPARISON OF SMOKE AGENTS

On the basis of total obscuring power (T.0.P.), the smoke agents
discussed above, as well as other substances that have been used since
the War for producing smoke, are arranged below in the descending order
of their T.O.P.'s,

White phosphoras. ... ... ... o oo oL oL .., 4,600
Titaniuvm tetrachloride and ammonis. . ... ... .. ... . ..., . 3,030
Sulfur trioxide, ... 3,000
Bulfur trioxide and chlorsulfonic meid (F8)...._ ... ... ..... 2.550
Hydrochlorie acid and ammonia. ... . ... . ... ... ... .. 2, 500
HO MIRture, i i e e e 2,100
Silicon tetrachlonide and ammonia. . ..., . ... L 1,660
Titanium tetrachloride (FM). .. .. ... ... .. ... . ....... 1,900
e ™ e e e 1,800
Tin tetrachloride (KJd)....... ... .. .. .. 1,880
Phosphorus trichlonde and ammonia. ..., ... ... .. . ........ 1.800
Chlorsulfonic acid and ammonin. . ... ... . ... .. ... ... 1,600
Silicon tetrachloride. . ... ... ... 1,500
Salfur ehloride and ammeonia. . ... ... ... ..., 1,425
Chlomsulfonie sedd®. .. oo e e e 1.400
BAL Mistare. ... . 0 e 1,400
Berger Maxture. . ..... 0 o e e, 1,250
Titanium teirachloride and ethylene dicbloride. ..., ... .. ..., 1,235
Sulluryl ehlonde. .. .. ... ..., e e 1,200
Chlorine and minmonia, . ........ . ..... .. e e 7o
Armenie trichloride. ... .. .. .. .. L. e 0
Type Smixture. . ..., ... . . i iieaieaaaan 480
Crade ol o . e, 200

* Heating to 430°F. increnses T.0.F s from 30 to 50 per eent.

In comparing the T.O.P.'s for different smokes, the rate of burning
uitist be considered, since a slow-burning smoke may not reach its maxi-
um density before its particles begin to settle out. Humidity and tem-
perature also have an important influence on the T.0.P.’s of many
chemical smokes. The values given above are for average conditions of
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temh;tpe;ntum and humidity and may vary greatly with variations of either
or .

FUTURE OF SMOKE AGENTS

During the World War obscuring smoke proved its tactical value on
land and ses and won for itself an assured place as a military weapon.
Since the war the development of air forces has still further enhanced the
value of obscuring smoke, for not only are airplanes a means par excellence
for putting down smoke screens on the field of battle, but their power of
observation has greatly increased the need for obscuration. 8o greatly
has aircraft increased the facility of observing enemy dispositions and
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manecuvers and of attacking troops in march and other concentrated
formations, that it has become inereasingly necessary to find some means
of concealing and protecting ground troops from air observation and
attack. Obscuring smoke is & most effcctive means for this purpose.

All nations are impressed with the importance of obscuring smoke and
are busily engaged in developing the superior smoke agents and in dovix-
ing technical means of employing them. The rapid strides made in this
direction during and since the World War plainly indicate the possibilities
of this field.

Detailed data concerning the most important smoke agents are pr~
sented in Table IV. The technical apparatus for producing smoke and
the tactical principles involved in;;u use are trested in Chap, XI\,

CHAPTER XII

INCENDIARY AGENTS
CLASSIFICATION

Incendiaries, the third member of the chemical arm, are substances
used to sct fire to enemy material in the Theater of War, Unlike gus
und smoke, which are directed against personnel and are used ehicHy on
the field of battle, incendiaries are directed primarily against material,
and their employment is not limited to the battle front, but extends to
targets anywhere in the Theater of War that can be reached by bombing
airplanes, Incendiaries may also be used to a limited extent against
personnel, as in the World War, when air-burst trench-mortar shell,
filled with phosphorus and thermite, were fired against encmy machine
gunners sheltered from rifle and machine-gun fire.

Tactically, we distinguish two types of incendiaries: (1) the intensive
type, where the heat and flames are concentrated in a limited space, in
order to set fire to heavy construction and targets generally difficult to
ignite; (2) the scatter type, where the incendiary materials are scattered
in a number of small burning masses over a relatively large area, in order
to initiate fires at & number of points simultaneously in large targets of
inflammable or easily ignited materials. Another convenient tactical
classifieation of ineendiaries is by the using arm, thus:

Using Arm Mumition
Infantry Bmall-arms incendiary bullets
"""""""" Ineendiary grenades and ot her hand devices

Chemiecal-mortar incendiary projectiles

Chemical troops. .. ... .. .4 Livens projector incendinry drums
Flame projectors

Artillery. ... ...... ... Ineendinry shell

Airforee. ... ... ... Ineendiary: aireraft bombs

Technically, we distinguish four classes of incendiariex, ax follows:

1. 8pontancously inflammahle materinls,
a. Solids, such ns phosphorus and sodjium.
b. Liguswds, such as phosphorus dissolved in carbon hisulfide and zine ethyl,
2. Metallie oxides, mach as thermite.
3. Oxidizing eombustible mixtures, such as barium peroxide and magnesion
powder. or barium nitrate, magnesium, and linseed oil,
4. Flammable materials, used as such, e.g.. resins, pitch, celluloid, “solid mil”
and flammable liquids and oil. 249

HISTORICAL

Unlike gas and smoke, the systematic use' of incendiaries in warfare
i= not imodern, but extends back into ancient times. The early use of
incendiaries in combat is easily understood when it is remembered that,
(rom the earliest times, fire has been the most ruthless enemy of mankind,
and its application to war is but further evidence of the universal dread
of the Great Destroyer which has come down through the ages.

The idea of using incendiaries in battle dates back to early Biblical
times when armies attacking and defending fortified cities threw upon
vach other burning oils and flaming fire balls consisting of resin and straw.
The first flame projector was used at Delium in 424 n.c. It consisted of
a hollow tree trunk to the lower end of which was attached a basin filled
with glowing coals, sulfur, and pitch. A bellows blew the flame from the
tree trunk in the form of a jet, setting fire to the enemy fortifications and

aiding the besiegers in the capture of the vity.
The next recorded use of incendiaries was hy the Trojan king, Eneas,
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ahout 360 B.c. He made use of fire compositions consisting of piteh,
<ulfur, tow, rexinous wood, and other highly inflammable substances
which were easily ignited and hard to extinguish. The incendiary com-
position was poured burning into pots, which were fired from the walls
of besieged cities upon the attacking troops below.

Somewhat later the Romans hurled from catapults crude iron latice-
work hombs, about 2 ft. in diameter, filled with highly inflammable mate-~
rinls. These were ignited and thrown as flaming projectiles upon the
cuemy fortifieations.  Later, incendiary arrows came into use a8 g means
of setting fire to the wooden forta sheltering the enemy, These incendiary
arrows were subsequently enlarged and shot from catapults. Behind
the arrowhead they carried a perforated tube containing a mixture of
tow, resin, sulfur, and petroleum, which was ignited just before being shot.

The greatest impetus to the use of incendiaries in war came with the
mtroduction of *“Greek Fire,” which was said to have been invented by
the Syriun, Callinicus, about the year 660 .., although there is evidence
of the use of mimilar materialzs as early ax the time of Constantine the
(Great, in the fourth century a.p.  The exact formula for “ Greek Fire”
has never been definitely established. The procesz for making it was
kept & =eeret for sevoral centuries and no detailed information as to its
composition seems to have survived. It is certainly known to have con-
tained readily inflammable substances such as pitch, resin, and petro-
leum, as well as quicklime and =ulfur, The quicklime, on contact with
water, generated sufficient heat to ignite the petroleum, the burning of
which ignited the other combustible materials. The light vapors from
e petroleum caused explosions whitél; l_:ttil] further spread the flames.

It was difficult to extinguish **Greek Fire'' because water increased
the reaction of the quicklime and spread the petroleum. The troops
of the Byzantine Empire made such effective use of “Greek Fire"' against
the Saracens that it is frequently said to have saved the empire from
Mohammedan domination for nearly a thousand years, At any event,
““Greek Fire'’ was extensively employed in the wars of the Middle Ages,
and its use survived until the introduction of gunpowder in the fifteenth
century,

Em the beginning of modern times down to the World War, incendi-
aries were not extensively employed, as the introduction of firearms
caused armies to engage in battle at such distances that they could not
be effectively reached by incendiaries, Moreover, the defensive use of
armor and later of earthworks left little of combustible material on the
field of battle. 8o formidable were the technical difficulties created by
these new conditions that the successful use of incendiaries in war remained
sn unsolved problem until the advent of the World War, when the
vast resources of modern science were utilized to effect a solution. Bo,
while fire has heen considered of military value from antiquity, means for
scientifieally using it in warfare were not developed until the World
War,

The effectiveness of incendiaries in war is dependent upon the char-
acter of the materials employed and upon the devices used for carrying
them to the target and setting them in action there. Because of the
generally adverse conditions of modern warfare, the development of
successful incendiary armament involves chemical and mechanical prob-
lems of great complexity, as will be appreciated from the consideration
of the many rigid technical and tactieal requirements which must be met.
At the same time, the introduction of the military sirplane has greatly
inereased the field of application of incendiaries, as it is now possible by
«tich means to reach large and vulnerable incendiary targets at practic-
ally any point in the Theater of War. This was exemplified in the
German air raids on Paris and London in 1815, in which incendiary bombs
were frequently employed.

Although the French and Germans both had developed incendiary
artillery shell before the World War, one French model dating back
to 1878, such shell were not used to any extent in the early days of the
war, probably because they were largely ineflective. The earliest incendi-
ary munitions used in the war appear to be incendiary bullets and anti-
aircraft artillery shell directed against observation balloons.

The first incendiary attacks against ground troops were by means of
flame projectors. These devices were invented by the Germans before
the war (20, page 7) but do not appear to have been used until 1915.
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General Foulkes says that the Germans used their
Flammenwerfer (fiame projectors) on the French front on June 25, 1815,
but it is probable that their first use was several months earlier, for it is
known that the Germans had an organized detachment of Flammenwerfer
troops as early as January, 1915, and the French made a formal protest
against the use of these devices under date of Apr. 29, 1915.

The initial use of incendiaries from aircraft occurred during the first
German Zeppelin raid over London on May 31, 1915, during which one
airzhip dropped 90 incendiary bombs.

By the end of 1915, improved types of incendiary artillery shell were
in use by both sides, These were soon followed by the introduction
of incendiary grenades, trench-mortar shell, and projector bombs,
Throughout the war, all the principal belligerents engaged in the energetie
development of incendiary armament and much progress was made in
improving all types of incendiary munitions, particularly aviation drop
bombs.

SUBSTANCES USED AS INCENDIARY AGENTS

Grour 1. BPONTANEOUSLY INFLAMMABLE MATERIALS
Solids

Phosphorus (P)
American and British: “W.P."

While white phosphorus is primarily a smoke producer, its property
of igniting spontaneously and burning vigorously when exposed to the
air made it one of the first materials proposed for incendiary munitions.
Experience showed that against readily combustible materials and
substances which can be ignited by a brief exposure to a small flame,
phosphorux is undoubtedly effective, and it was therefore the principal
incendiary agent used against balloons and aireraft and for setting fire tu
woods, grain fields, ete. However, against wooden structures and mate-
riuls relatively difficult to ignite, phosphorus proved of hittle value,
principally because of its low temperature of combustion and the excel-
lent fireproof protection of the phosphoric vxides forined by buwrning
phosphorus.

In addition to itz incendiary effect on material, phosphorus proved
very effective in use against personnel, When seattered from overhead
bursts of grenades and trench-mortar bombs, the phosphorus rained
down in flaming particles, which stuck to clothing and could not be
brushed off or quenched. The larger particles quickly burned through
clothing and produced painful burns that were slow and difficult to beal.
These properties xoon became known to troops and phosphurus was justly

2
dmduimdﬂwmumudldem?nﬁﬁn; effect far beyond the aétual
rasualties produced.

During the war, phosphorus was extensively used in small-arms
ineendiary bullets and in hand and rifle grenades by all the principal
belligerents; in artillery incendiary shell by the French and Germans; and
in trench-mortar bombs by the British and Americans. In all munitions,
except small-arms bullets, the phosphorus produced both obscuring smoke
and ineendiary eflects and they were, therefore, variously classified as
either smoke or incendiary projectiles. The physical and chemica prop-
erties of phosphorus are given in Chap. XI, page 234,

Sodium (Na)

Sodium is 8 light soft ductile metal of 0.97 specific gravity, which
melts at 97.6°C. (208°F.) and boils at 750°C. (1382°F.). It is obtained
by the electrolysis of molten sodium chloride (common salt). On con-
tact with water, sodium decomposes it with vigorous evolution of hydro-
gen, The heat of reaction is pufficient to ignite the hydrogen and, hence,
in the presence of moisture, sodium is spontaneously inflammable.

Bodium was used as a filling for the German 17.6-cm. incendiary shell.
In that shell, which was the largest incendiary shell used during the war,
the sodium was ignited by thermite. BSodium was also used in some of the
gpontanecusly inflammable liquids of the World Warto ignite the mixture
on contact with water. Except for this latter use, sodium was not ap
effective incendiary material, as it required considerable moisture to
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ignite it, which generally prevented the ignition of other materials.
Liquids

As hquids generally give Letter and meore uniforms dispersion on
explosion of the container, and also have a tendency to adhere and pene-
trate into combaustible materials, with greater chanee of igniting them,
they are preferred to solids as incendiary agents, Also, since spuntaie-
ourly inflammable substances require no igniting deviee and initiate
fires in several places simultaneously, a sponlancously inflammable liguid
wax sought which would: (1) ignite after short exposure to the utmos
phere; (2} have a positive and effective incendiary setion; and (3) be sale
to transport and handie

As phosphorus was spontaneously inflammable and was also readily
soluble in earbon disulfide, this mixture was among the first spontane-
ously inflammable liquids tried cut. It failed, however, 10 weel reguire
ments in A numhber of partienlars,  First, it was no more effective as an
incendiary agent than the phosphorus it contained, and therefore, had the
dissdvaniages mentioned for ph It was also dangerons to

transport and handle and was so \?nla.ti]a that it frequently burned out
betore heating the contacting material v Lhe iguition point,

To rarrert the deficiencies of the phosphorus—carbon disulfide solution,
mixtures were made by adding various combustible oils in such propor-
tions that a homogenous msss was secured and no separation of any
of the constituents occurred. It was then found that these mixtures
lacked intensity of combustion, so various nitrated organic compounds
were sdded to accelerate the reaction. Of these compounds, trinitro-
toliene (TNT) was found to be the most satisfactory. As a final result
of this research, a mixture containing phosphorus, carbon disulfide, crude
lwnzene, fuel oil, gas-tar oil, and trinitrotoluene was developed. This
wi found to be satisfactory from the standpoints of simplicity of prep-
aration, safety, and effectiveness; also, by varying the proportions of the
1 ients, the ignition could be regulated to oceur either almost
instantly upon exposure to the air, or after a considerable delay.

The speed and spread of combustion of the mixture are secured by
it readily volatile constituents, and the duration and intensity of the
flame, by its heavier combustibles. With proper precautions, the prep-
aration and handling of the mixture can bhe done without danger of
arcidental ignition. Also, it is not subject to detonation by shock, and
it< low coefficient of expansion (0.0174 per degree centigrade) and low
vapor pressure (58 em. at 50°C.) will not cause undue pressure in the
container. The mixture may be used alone or with an ahsorbent, (e.g.,
rotton waste) in any sort of device designed to carry liquid material,
such as 8-in. Livens projectiles.

In the course of the research on spontaneously inflammable liquids,
many substances, such as zine ethyl, phosphine, silicine, chromyl chloride,
fuming nitric scid, permanganates, and phosphorus, were fully inves-
tigated. In the end, it was found that phosphorus—carbon disulfide
solution was the best material to initiate the fire, and the fuel and tar oils
wire the best materials to propagate and sustain the flames. While the
problem of kpontaneously inflammable liquids was considered reasonably
~slved during the World War, the solution was not effected in time for
use on the ficld of battle, at least insofar as American munitions were
concerned.  There is, however, no reason to believe that the solution
indieated above would not be satisfactory in war.

A satisfactory spontaneously inflammable liquid has a great field of
application from aircraft, for not only should drop bombs filled with such
a liquid prove very effective on targets, and even on cities of light wooden
construction, but by regulating the ignition to occur after the lapse of
sufficient time for the liquid to reach the target, such a liquid eould also
be sprayed at night from low-flying attack planes over relatively large
areas with tremendous effectiveness.

254
MEeTarric Oxines

Thermite

For several years prior to the late war, a mixture of iron oxide and
finely divided aluminum, known under the proprietary name of **Ther-
mite,"” was used in industry for welding iron and steel. When ignited,

Grour 1.
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this mixture reacts as follows:
BAl 4+ 3Fe0, = 4A1,0; + 9Fe

and produces an enormous heat (758,000 calories per gram molecule),
This heat ix sufficient to raise the temperature of the reaction to about
3,000°C., and the resulting molten slag prolongs the heating effect after
the reaction ceasex. However, when thermite is used alone, it has the
diradvantage that its incendiary action iz confined to a small area, and a
very large percentage of its heat energy is wasted because of the fact that
it is set free so rapidly.  Againat readily ignitable material which sllows
the conflagration to spread easily, thermite is very effective, but as such
material is not often present in a target, the method of placing it with
the thermite in the incendiary device was early adopted.

Fur igniting and starting the conflagration, thermite proved to be by
far the most effective material used in the war; for a secondary incendiary
material to continue the conflagration, thermite was found to be inferior
to an inflammable hiquid, either used ag such or incorpuraled iu a suitable
abeorbent carrier, and to sperially prepared combustible materials, such
ns solid o1l, which burned with a large flame and effectively set fire to a
difficultly ignitable target. By using thermite as a primary igniting
incendiary agenl, the large amount of heat suddenly relessed is utilized
and the secondary material begins its action with & tremendous burst of
flame which is most effective. The proper secondary incendiary material
i= capable of not anly burning with a large hot flame, but actually renders
the target inflammable,

The thermite used in industry is generally composed of three parts
hy weight of aluminum powder to ten parts of magnetic iron oxide, but
for military purposes a mixture consisting of 24 per cent aluminum and
76 per cent by weight of magnetic iron oxide was found te be most suitable.
Ordinary granulation produced the hext results, but special limits had to
I placed on purity of materials, presence of moisture, and foreign
substances.

As commercial thermite is simply a loose mixture of aluminum dust
and coarse particles of iron oxide—materials of quite different densities—
il vould not be used in military devices that must withstand severe jar-
ring, without some means of preventing segregation, To prevent segre-
gation, the mixture may be either consolidated by pressure or bound
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together in a hard mass by such binding substances as sodium silicate,
sulfur, and celluloid.

Begregation may be successfully prevented by compressing ordinary
thermite under a pressure of 12,000 Ib. per square inch, which doubles
its density and holds the compressed mass together even when subject to
severe jarring. However, this increase in density causes the ignition to
become more difficult, makes the propagation of the reaction uncertain
and increases the time of burning, Moreover, since the compressed
thermite does not materially increase the incendiary effect over the same
volume of thermite bound together with sodium silicate, the cost of
obtaining the same results with compressed thermite is greater. For
these reasons we did not adopt it for general military use and the British
employed it only in their special flame mixture which contains barium
nitrate.

On the other hand, the use of sodium silicate as a binder was found
to give several advantages. Besides preventing segregation, it caused
the thermite blocks to react completely regardless of the point of ignition,
and the material so bound is insensitive to shock and shot and may, there-
fore, be utilized in high velocity projectiles and bombs, The optimum
amount of sodium silicate (of 40°Bé.) was found to be 15 per cent by
weight of thermite. The liquid silicate is simply mixed with the thermite
which is then molded and baked until thoroughly dry. Because of its
advantages, sodium (or potassium) silicate was generally used as a ther-
mite binder by most of the nations in the World War,

In binding thermite with sodium silicate, it is very essential that all
thewnmhdﬂmmt,md,hemufthediﬁmltynfmmpktdf
drying the silicate-bound thermite, a number of other binders were tried.
Bulfur was highly recommended as a binder, gince a unit of weight of
mixture made up according to the equation

8Al + 3FE|.G.|. + 0S8 = 'h\].jﬂ. + OF eS8
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Hieoretically generates the same amount of heat as an equal weight of
rthiermite containing no sulfur so that the binder does not reduce the heat
cfficiency of the mixture. However, in actual tests of incendiary value
the suliur-bound thermite did not show up well, owing to the fact that.
it hurned with explosive violenee and spattered as small drops over a
considerable area, thus lessening its ineendiary effeet.  Al=o, the molten
products from the silicate-bound thermite were more effective in penetrat-
ing metal and prolonging incendiary action upon inflammable materials.
MNotwithstanding these drawbacks, the French used sulfur-bound ther-
mite, which they called * Daisite,” in an incendiary drop bomb in which
the explosive property of the thermite was utilized to scatter the other
meendiary materials in the bomb,

256
Celluloid, dissolved in a suitable solvent, proved to be fairly successful

as a binder, particularly where it was desired to get a long flame and
uniform burn of the thermite. It was also used as an envelope for the
incendiary umits of scatter-type drop bombs, chiefly by the Germans.
Various organie materials, such as resin, paraffin, and hard pitch, were
also investigated as binders, but did not give satisfactory results.

For the ignition of thermite used in devices where it is not desired to
scgtter the contents, the commereial tgniter, consisting of finely divided
aluminum and barium peroxide mixed with a certain amount of cosarse
aluminum and black iron oxide, was found to be most satisfactory. This
igniter has no explosive reaction and can be ignited by a black powder
flash, although better results are obtained by the use of a ' booster”
charge composed of reduced iron and potassium nitrate pressed on top
of 1t,

For the ignition of thermite in deviees where it is desired to scatter the
rontents, an entirely different type of igniter is required. For this pur-
pose, an igniter should react with such rapidity and explosive violence as
to simultancously ignite and seatter the reaetion produets and, at the
same time, should be as safe as the slow igniter. The best World War
solution of the quirk igniter was the British Ophorite which consisted
of an intimate mixture of 9 parts of magnesium powder to 13 parts of
potassinm perchlorate, Ophorite was much easier to ignite than' the
commercial igniter and was extensively used by the British and ourselves
as an igniting and bursting charge for incendiary projectiles and also as
an explosive in certain types of gas shell. Ophorite was, however, not
altogether safe to manufacture and the British had several very serious
¢xplosions and fires in their manufacturing and loading plants during the
WAar.

Modified Thermite

Sinee the general military requirements of a thermite mixture are
that if should lunetion properly under all conditions of use and that the
reaction should produce the desired efferts, and sinee it matters little
what the reaction products are, it iz obvious that the composition of the
mixture may be varied greatly. A number of mixtures, in which copper,
nickel, manganese, and lead oxides were used in place of iron oxide, were
tested but were found to be no better for military purposes than the ordi-
nary thermite mixture, although the Germans used, in eertain early inern-
diary bombs, a mixture containing manganese dioxide and magnesium.

Later in the war, alumino-thermite mixtures, in which oxidizing
agents other than the oxides were incorporated, were investigated, and
a speciul faming thermite was developed by the British and used in their
“haby ineendiary” bombes, This mixture consisted of:
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aluminum, powdered, 3 parts; barium nitrate, 8 parts; hammerseale (Fes0,)
§ parte; and was compressed to half its original volume in the hombs,

Thermite mixtures containing oxidizing agents other than those neces-
sary for the thermite reaction were also investigated but none were found
to possess special merit for military purposes, and it was concluded after
many tests that a simple mixture of magnetie iron oxide and aluminum
was the most satisfactory for general military uses.  Of all the incendiary
materigls adopted by the Allies, thermite was probably the most widely
us¢d.  On the other hand, the Germans did not use thermite very exten-
sively, although many German incendiary drop bombs and artillery
shell contained thermite or an alumino-thermite mixture,
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Gunoup TII. Oxmpizine ComersTiBrLE AIXTURES

Incendiary mixtures whicl contain an inerganic oridizing agent, sucl
as potassium or barium nitrate, barium or lead oxide, or potassicm per-
chlorate, together with sueh combustible substances ax earbon, sulfur,
magnesium, aluminum, or organic combustibles, are designated by the
generic name of oridizing combustible mirtures. Such mixtures have
been used suceessfully in two widely different types of incendiary muni-
tions, mz.: (1) small-arms incendiary bullets, and (2) drop bombs and
other special devices,

For devices as different as bullets and drop bombs, it i= evident that
very different types of mixtures are required for most effective results.
Thus, a mixture for use in bullets must meet very rigtd requirements as
to weight per unit veolume, time of reaction, change of weight during
reaction, and character of ineendiary effect.

For bullets, the ballistic requirements are even more important than
the incendiary requirements sinve the bullet must be eapable of aceurate
fight in order to reach the desired target and have any efiect at all. On
the other hand, the type of mixture desired for drop bombs must react
to give considerable heat and flame when the homb bursts,

In Both types of munitions, 1t is, of course, mportunt that the mix-
tures do not segregate, and this is gecomplished either by compression
or by binding the mass with some substanee, suel a= =ulfur, shellne, resin,
piteh, paraffin, gum, ete., and then heating or compressing.

The following typical mixtures have been used with =oecess in =mall-
arms incendiary ammunition ;

Purts, hy Weght

Barium peroxide. . . 17
Mugnesivm (powder), ... .. .. e 2

The magnesium powder mixed with aleohol is pressed into the bullets
imnder a pressure of 2,500 1b., and is ignited by the propellant.
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Red lead..... .......iccveenns. 5 .......... G h e aeaeree s . 9
Magnesium . . ..o rernnenseernnn T N |
or
Red lead ..., ...... e e et e h e, 15
Aluminum.......... ke ey e e e 1

Compressed into the shell under a pressure of 15 tons per 8q. in. and ignited
by & primer consisting of

Potassium niteate. .. .. ... ... ... ... 65
Sulfur..... 0 fi = O e DB A C C B oS SE 0050558 Amaaa88 000 G e I13.5
Antimony (powder). ... ... 19
Shellae (powder)....... ... .. ... ... ... ... ... ... 2.5

Another typical mixture comprising a different type of oxidizing agent,

I=
Barium pitrate. .. ... e 64
Magnesium. ... i 28
Linseed oil. ..., .. ... 8

‘The linseed oil acts as a binder and deterrent.

For use in projectiles where the tracing effect is important, a consider-
able number of the so-called pyrotechnic miziures have been used. These
give upon ignition a large amount of smoke and a very brilliant light,
but have little or no real incendiary effect. These mixtures should,
therefore, not be registered as true incendiaries.

The use of oxidizing combustible mixtures in drop bombs and other
relatively large incendiary devices was less suecessful than in small-arms
ammunition. Such mixtures were used early in the war in incendiary
artillery shell and in drop bombs, but in many cases were later discarded
for the thermite-type mixtures. As a primary incendiary material whose

chief function was to ignite other materials in drop bombs, the following
mixture was used;

Purts, hy Weight

..............................

Potassium perchlorate. . ., .., ]
Paraffin

For use in a small unit drop bomb designed to set fire to very inflam.

mable targets, we developed & successful mixture consisting of the follow-
Mg ingredients:
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Bariam chlorabe. . ... 0ie i ti st asamsississssnasnssssnnas 54
BoBmim. oot it i it e it s e s s s EEEE s 16
A, ..o s it et tesesmnnassnnantomsommnansasranssnnnns 14
Asphaltum varnish. .. ........ooniio i 16

This mixture was ignited by & mixture ecomprising reduced iron and potas-
sium permanganate bound with par;ﬁn.

Another celebrated World War mﬂtum of the oxidizing-combustible
type was the so-called “Scheelite’’ consisting of one part hexamethylene-
tetramine and two parts of sodium peroxide. It was named for its
imventor, & Dr. Scheele, who claimed he had destroyed- the cargoes of
12 vessels by its use. Our experiments with this formula showed thal
when ignited by sulfuric acid it reacts very rapidly in the open and gener-
ates great heat and flames, but, if confined, it explodes. On the whole,
it was found unsatisfactory for use in the larger incendiary devices, but
a modified form has possibilities for use in certain small drop bombs.

Grour 1IV. FraMmaBrE MATERIALS {USED A8 BUCH)

This group comprises those incendiary materials that are used as
aich without admixture of oxidizing agents and includes the following
substances: petroleum oils, earbon disulfide, wood distillation products,
resins, piteh, celluloid, and various sorts of flammable cils and liquids
not spontaneocusly inflammable.

The two principal uses of this class of substances are: (1) as secondary
incendiary materials to propagate and prolong the incendiary action of
the primary material in the larger size drop bombs and projectiles; and
(2) as liquids used in flame projectors,

In the development of the intensive-type incendiary drop bomb,
intended to sct fire to heavy wooden structures and other targets rela-
tively difficult to ignite, it was early found that such devices should con-
tain some quick-acting great-heat-producing material, such as thermite,
and a larger amount of flammable material which, when ignited by the
thermite, would burn with a large hot flame for a considerable time and
actually render the target more inflammable,

For this purpose, various oxidizing combustible mixtures, resins and
pitches, and heavy oils were tried and found unsatisfactory. Then flam-
mable oils, absorbed in cotton or jute waste, were experimented with in
the hope that the absorbents would prevent too rapid volatilization and
hurning of the oil, but were found to possess many disadvantages. Thus,
if the mass were scattered by an explosion, the intensive incendiary action

is lost; if it is allowed to burn without scattering, the absorbent material’

protects the target to a considernble extent. Mixtures of paraffin and
light oils were also tested and found to have objectionable hydrostatic
effects when used in drop bombs and projectiles.

Systematic research was then undertaken to find and develop a more
nearly ideal incendiary material for drop bombs and projectiles that would
meet the following requirements:

1. Burn for a considerable time with a very large hot flame. _
2. Actually render very inflammable uot only the combustible material upon which
i rests, but the material around it for a considerable area.

260
3. Contain practically no material which is not extremely inflammable or which

would not aid in the combustion.
4. Prescnt no great problems of maunufacture, cost, transporiation, or use.

Solid Oil

As a result of an extensive invertigation of materials which would
meet the foregoing requirements, it was found that the oils possessed the
most desirable incendiary properties and their only drawback was their
liquid xtate. To correet thix defect, experiments were made to solidify
satisfactory oil mixtures by the use of colloidal substances, and after
considerable investigation a process was developed whereby a permanent
solidified oil mixture, meeting all requirements, could be prepared simply
and cheaply. This solidified mixture—called solid oil—contained a
small percentage of liquid, having a relatively low fire point and a large
percentage of a iquid having a moderately high fire point. Such a mix-
ture burns readily, owing to the liquid of low fire point, and the burning
of this liquid generates the necessary heat to melt and ignite the material
of higher fire point which spreads over a large area, penetrates contacting
material, and actually renders it inflammable,
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Best results were obtained
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from distillate fuel oils with a range of fire points of from 170° to 225°C.
The raw materials entering into the manufacture of solid oil were
readily obtainable and it preparation and filling into 50 drops bombs
presented no difficulties,
Bolid oil is also suitable for use in other large incendiary devices,
euch as Livens projector drums, artillery shell, and trench-mortar hombs.

Flame-projector Liquids

For use in flame projectors, the principal requirements of a liquid
mixture are: (1) it must be readily and easily ignited; (2} 1 must not
have too low a specifiec gravity; and (3) combustion should not occur to
any material extent until the stream has reached its objective, since the
desired object is to throw upon the target an ignited lHguid and not merely
a flame.

After an extended investigation of liquid mixtures for use in American
flame projectors, it was found that the most ratizfactory mixture consisted
of a heavy visewour oil or tar and a more fluid and flammable liguid.
For the heavy component, water-gas tar (sp. gr. 1.044 and flash point
122°C.) proved to be the most satisfactory. For the light component,
bengzene heads (sp. gr. 0.756 and flash point 26°C.) or crude benzene were
best. The optimum proportions were found to be 70 per cent water-gas
tar and 30 per cent bensene heads, resulting in a liquid of 1.02 specific
gravity, which gave an excellent trajectory, good range, and ferce
flame. Ignition was effected by means of a hydrogen pilot lamp at the
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nozzle which has the advantage of being nonluminous when not in action

and positive ignition when needed. Approximately 30 per cent of thix
mixture remains unburned at the end of the trajectory, and a jet shooting
0.5 gal..can be thrown approximately 100 ft.

Other nations in the World War used various combinations of the
most readily available heavy and light liquids, mostly petroleum distil-
lates and coal-tar fractions, having an average specific gravity of
about 0.90 at 15°C. They also used many methods of ignition, such ax~
cartridges of slow-burning oxidizing combustible mixtures attached to
the nozsle and ignited by electricity or friction.

INCENDIARY WEAPONS

A description of the construction and use of the various devices in
which incendiary agents were employed in the World War is given in
subsequent chapters in connection with the material pertaining to the
several combat arms.

FUTURE OF INCENDIARIES

Modern warfare has left little on the field of battle that is combustible;
hence suitable targets and opportunities for the use of incendiaries in the
Combat Zone are very limited and will become increasingly so as armiex
are mechanized. On the other hand, the military airplane has opened
up a vastly larger field of application for incendiaries in the areas behind
the battle front and in the hinterlands of the belligerents. To an ever-
increasing degree the suceessful waging of modern war depends upon the
industrial organization of a nation to meet the enormous demands for
military material. It is, therefore, not at all unlikely that in wars of the
future military operations will be carried far into the interior terntory of
each belligerent in an effort to cripple and destroy the industries upon
which modern armies depend. In the attack upon industrial centers
and upon military concentration areas in the rear of armies, incendiaries
will play a large and useful role.

The vast amount of research and development work on ineendiaries
in the World War went far toward solving the many and formidable
technical problems created by the adverse conditions of modern warfare,
and it may be eaid that, insofar as concerns the technical efficiency of
the agents themselves, incendiary armament had reached a gencrally
satisfactory state of performance. On the other hand, the tactical results
from use of incendiaries in the late war were disappointing. This was
chiefly due to two factors. First, the conditions on the Western Front
and, to a somewhat less extent, on the Russian Front, were naturally
very unfavorable to the use of incendiaries. Not only was the weather
and much of the terrain wet and adverse to application of incendiaries,
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but also the greater part of the possible targets were of masonry and other
combustibly inert construction that afforded little or no chance for the
successful use of incendiary agents.

In addition to these adverse conditions, many of the most effective
incendiary devices were not perfected in time to be used in the war, and
hence there was no opportunity to determine their real military value in
that great conflict.

Since the World War, there has been little published concerning the
development of incendiary armament. There is little doubt, however,
that the use of those types of incendiary munitions which proved effective
in the last war will be resumed in future wars. In fact it is not unlikely

that with more efficient incendiary materials and devices these munitions
will assume increased importance.
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CHAFPTER XIV

CHEMICAL TECHNIQUE AND TACTICS OF INFANTRY
TECHNIQUE

In considering the chemical technique and tactics of the several armas,
we shall follow the organization of the Theater of Operations for chemical
warfare, as presented in Chap. 111, Diagram 1, and discuss the chemieal
technique and tactics of each arm in the order of its proximity to the
battle front of an army.

In connection with the normal echemical-warfare zones of operation,
shown in Diagram 1 of Chap. III, it should be borne in mind that these
gones are not rigidly delimited, nor are they even mutually exclusive.
They are merely the zones in which the chemical-warfare activities of
each arm may be most effectively and efficiently earried on, under average
ronditions, It will also be noted that some of the zones overlap. This
indicates that chemical operations may be carried on conjointly by one
arm to cover a zone normally assigned another arm, as for example, when
ne chemical troops are available the artillery carries out chemical mis-
giong in the zone usually covered by chemical troops.

Since infantry normally constitutes the front-line elements of an
army, it is the arm chiefly concerned with chemical operations along the
immediate battle front, particularly where such operations are for its own
protection. We shall, accordingly, begin our consideration of the
chemical technique and taectics of the several arms with a discussion of
the ehemical technique and tactics of infantry.

CHEMICAL ARMAMENT OF IXFANTRY

Chemnieals are used by infantry in the following munitions;
j Gas grenades.
Smoke grenades.
( Incendiary grenndes.
Smoke eandles and pots,
Infantry-maortar vmoke shells.
Simoke generators on tanks.
Miscellaneous smoke devices.

. Chemical grenades

R

CrEMICAL GRENADES—GAS

The grenade is a form of ammunition which came into extensive use
during the late war, largely as a result of the requirements of trench war-
fare, Within certain limitations, the grenade is a convenicnt type of

ammunition to enable infantry mﬁgment their primary weapons with
a small missile similar, in general, to a shell or bomb, Grenades are
classified according to the method of their projection, as:

1. Hand grenades.

2. Rifle grenades,
8. Combination hand-and-rifle grenades.

A chemical grenade is a grenade that 1s filled with a chemical agent,
i.e., & gas, smoke, or incendiary, dispersed by an igniting or exploding
device, and thrown by hand or fired from a rifie.

Chemical warfare first made its appearance in the World War through
the usc of gas grenades.  According to Ilanslian, thesp
earhiest chemical weapons were in the form of 26-mm. rifle grenades,
containing 19 ec. of tear gas (bromacetone), while Haber states that
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apparently at the same time (August, 1914), gas hand grenades, with the
same kind of filling, were also used. These grenades were stated tobe
for use in attacking enfilading works, casemates, and passages of perma-
nent field fortifications into which they could be shot through the narrow
slits of the embrasures.  As these grenades Leld such a small amount. of
gas, they were effective only in closed places and, since the first few
monthg’ fighting in the World War was almost altogether open warfare,
they were not effective and were soon discarded.

In the second year of the war, after gas had been used on a lurge scale
w cloud attacks and from artillery and trench-mortar projectiles, gas
grenades, filled with more powerful gases; again made their appearance
and continued to be used on both sides intermittently throughout the
remainder of the war. Even with more powerful gases, gus grenades were
never effective in the open and were used chiefly for raids during the
period of trench warfare.

The following are the principal gas grenades used during the war:

Nution Type Chingien! filling

Ball, glass, hand Bromine; later F8; later HA

Hall, Red B, hand 'Hmtunlﬂ-h}'lﬂ hyl kerone
German. . . ., o0 Y Ball, Red C, hand Methviuliurel elloride nnd 5

per cent dimethyv] sulfae

Stick, Blue C, hand DA and HI

26-mmn ., rifle BA and chlomeetone
Vreneh . ... i:—l'.'lli., (‘[FE-EI'II!PEL', I”“."'I | BA and ehoracetone

Suffocating and lacrimatory |

Mle. 1916, hand iﬁtrnlr:in

Hand , Ethyliodoacetate
British............ No. 28, hand, Mk-I Stannic chloride

No. 28, hand, Mk-I1 Stannie chlonde und PS
United States. . .. | Gas, hand, Mk-I1 ' Brannic chlonde

' |
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United States Gas Hand Grenade, M-II (Fig. 10).—This grenade,
which is typical of all the World War gas grenades, consisted of a sheet-
steel body, steel bushing, detonator thimble, detonator, and automautic
firing mechanism (bouchon), as shown in Tig. 10,

In throwing the grenade, it was first held firmly in the right hand with
the firing mechanism up, in such a manner as to secure the lever., 1he
sufety pin was then pulled with the index finger of the left hand. The
grenade was then armed. After it was thrown, the lever, which was no
longer held by the sufety pin, was thrown off and the striker pin, impelled
by a strong spring, rotated around its hinge pin and struck the primer,
first perforating the tinfoil disk which was sealed over the top of the cap
to waterproof the primer. The end of the fuse was tipped by a priming

Primer —. ~Striker spring
Moistuvre cap = ) e Hinge pin Satefy split pin-,
chﬁan T ""“"‘Ej‘fﬂ*’er 'Eﬂ"i‘-l'f ‘
o - Bouchonsealer  §pli# pin--
Bickford fuse -~ Bushing e
~Lever
-- Defonafor

L. . Devonator thimble

i e B

-8
o ——

k J Boaly pointed groy--—%7 J

Fra. 10.—Gas hand grenado, M-I,

powder composition which ignited the primer and in turn the fuse, In 5
seconds the flame from the fuse exploded the detonator, which burst the
grenade with sufficient force to scatter the chemieal filling in fine droplets,
The gas cloud produced was intensely irritating to the eyes and respira-
tory passages amd cuused laerimution and violent coughing.

Postwar Development.—Since the late war uoveral types of gux
grenades have been developed in this country. The early postwar types
utilized the grenade bodies manufactured during the war and were filled
with CN, the American standard lacrimatory filling. Theac grenades
were found to be unsatisfactory beeause of the small amount of chemieu)
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filling that eould be loaded into the grenade body. To overcome this
defect, the grenade body was redesigned to inerease its capacity
without making it too large or heavy to be thrown by hand. As n
result of postwar development, two types of gas grenades have been

The following are the principal characteristics of the standard tear-gns
groemade ;

Waight filled. ... .. ... . 1 Ih. {approximately)

) - Shape.................... Cyrlindrical
developed and adopted ns standard for the United States Army. These Color. .. ... Bluo-gray
are known as; . Bafety device............. Safetyv pin
1. G hand, tear (CN), M-7 298 Igniter................... Fuse, igniting M-1 {a 2-second delay)
. Grenade n r -q. e . .
' ' ! Filling, . ................ ON— . 5 f chl toph .
2. Grenade, hand, irritant (CN-DM), M-6, _ Sl (e O G

axide); a thin laver of starting mixture is
plared on top of the filling
Red letrers—OCN
Red word—Gas
One red bund
Whire to blue-gray to colorless vapor hav-
ing o fruithke pungent odor; an Imme-
dinte laenmatory effert on unprotecicd
personnel; nontoxic cxeept in extreine
concentrations; practically no ohseuring
et
oL 28 to 40 seronds (eomes to full volume
within & seconds after firing):; & small
stremtn of vapor continges some 10 or 15
seconds longer,

United States Standard Tear-gas Grenade.—The standard lear-gay
grenade (CN), M-7, consists of the container, igniting fuse, and filling
(see Fig. 11). The container is a tin cylinder 22§ in. in diameter and 414
in. high. Two thin disks are erimped and soldered to the wall forming
the top and bottom of the container. The top has a 34-in, hole punched
in its center into which is inserted and soldered an adapter. The latter
ix initernally threaded to take the igniting fuse. Small holes are punched

Identifieation, .. ... ..... ..
Charneteristics of cloud

Candle fuse MT

muisture cap, - == Minge pin Time of bhurning .

United States Standard Irritant-gas Grenade.—The standard drritant-
fas grenade (CN-DM), M-6, iz identical with the standard tear-gas
Erennde (CN), M-7, except as to chemical filling. The irritant grenade
containg g 50-50 mixture of CN and DM, instead of pure CN, as in the
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tear-gas grenade. It therefore Tias both the lacrimatory effeet of CN
and the irritant (sternutatory) effect of DM. The following are the
principal characteristics of the irritant grenade:

h fape=----—""" -
us Weight filled. . ... ....... . 1 Ib. (ppproximately)
Shape.. . ................. Cylindrical
EAE Color.................... Blue-gray
LOTI2 Bafety device............. Safety pin
i fgniter................... Fuse, igniting M-I (a 2-second delay)
Frg. 11.—CGrennde, hand, tear (CN}, M-7. Filling . . . CN-DM, epproximately 10 oz. (& mixture

of chloracetophenone and diphenyvia-
minechlorarsine and amokeless powder
and magnesium iodide); a thin laver of
starter mixture is placed on top of the

in the top of the body around the adapter and, in the fast-burning type,
in the wall of the container body. These are normally covered by small
squares of adhesive tape,

flling

The fuse consists of a fuse body whieh carries the firing mechunism Identification. ... ... .. Red letters—CN/DM
and a 2-second fuse, The firing mechanism conxists of a steel striker Red word—QGas
horizontally hinged on a steel hinge pin in a recess between the two wings One red band

Charucteristios of cloud.. .. Blue-gray to yellow in color, with a pun-
gent fruitlike odor; the smell of smoke-
less powder is also apparent; the vapor
has an immediate lacrimatory and nau-
seating effect on unprotected personnel
and may cause sneezing and vomiting

Time of burming. . ....., .. 25 to 40 seconds (candle comes to full vol-

ume in about § seconds after ignition)

of the fuse body and actuated by a stecl-coil spring. A firing pin i8
attached to the striker. The striker is normally held away from the
primer, against the tension of the spring, by a lever which forms a cover
for the firing mechanism and extends downward over the top of the con-
tainer. The lever hooks under a protruding lip of the fuse body and has
two wings through which a split pin of aunealed steel passes secuning it
to the body. This pin forms the safety device fur the firing mechanism.
The fuse assembly consists of a primer of fulminate of mercury and 8
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gsecotid-delay powder train in a lightly sealed lead container projecting
du.“‘"_l\'ﬂﬂ]. from the fuse body.

The filling is a solid or solidified mixture. A starting mixture of

CHEMICAL (GRENADES—SMOKE

The principal smoke grenades used during the war were the following:

potussium nitrate, antimony trisulfide ferrous sulfide, and dextrine is Nation Type Chemical filling
PIBPNI on top of the ag':nnt. . German. ... .. _.| Ball {Nebel), hand Chlorsullfonie acid
Operation. Throwing by Hand.—When the safety pin has been French........... Inc»mfdia':m}et Fumigine, Mle. 1816—Anto- ' Phosphorus {(WP)
pulled, the lever, held in the palm of the hand, acts as a deterrent to matique, hand
vent contact between the striker and the primer. As the grenade British. ... ..., . .| No. 27 Combination hand and rifis, M-I | Phosphorus (WP)
jeaves the hand, the striker, actuated by its spring, throws the lever clear United States. . ... Combination hand and rifle, M-I Phosphorus (W)
and strike= the primer. The primer flashes the fuse which in 2 seconds’ | Smoke, hand, M-1I Phosphorus (WP

time ignites the starting mixture. The starting mixture generates the

heat required to start the chemical reaction of the agent. The pressure, With the exception of the German, all the prineipal World War smoke

re<ulting from the combustion, forces the adhesive tape from the small
eriission holes and the agent from: the container.

To Fire from a Stationary Point of Release.—PFPlace grenade on ground
and hold the lever firmly in position while withdrawing the safety pin.
When ready to fire, release lever and move rapidly upwind for a distance
of 5 yd. The functioning i= the same as indicated above.

grenﬂ,aea were filled with phosphorus. The American combination hand
and rifle smoke grenade was identieal with the British No. 27 smoke
grenade, and these two were the only smoke grenades which could be
projected with a rifle. The American hand smoke grenade was very

similar to the combination hand-and-rifie smoke grenade, execept that it
had no base plate and rod.
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United States Combination Hand-and-rifle Grenade, M-II (Fig. 12.)
This grenade consisted chiefly of the following parts: the body (and rod),
the gaine, and the firing mechanism.

The body of the grenade, cylindrical in form, was about 33{ in. long
and 213 in. in diameter. It was made of tinned plate and was capped on
either end with dished tinned-plate stampings somewhat heavier than
the metal forming the body. To the lower cap, forming the base, was
soldered a steel base plate approximately 14 in. thick. This steel plate
was tapped to receive a rod 15 in. long and of the proper diameter to fit
the bore of the service rifle.  The rod was used only when the grenade
was projecied with a rifle. The rods were issued detached from the
grenades i the ratio of 60 per eent of the grenades.

: wnll
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Fre 12 —Grenade, combinntion hand and rffe, W.P., line, complete, showing pasembly

To the upper cap, forming the cover of the body, was =uldered a
striker chamber, externally threaded to hold the firing mechanism. The
gaine was inserted through the striker-chamber cover and was soldered
to the former.

The primer rested on top of, and was held in place by, the striker
rhamber. The primer was crimped to the fuse, on the other end of which
was crimped the detonator, the fuse and detonator extending into the
gaine. The striker was held by a shear wire. Over the entire firing
mechanism was placed a metal cover to prevent accidental discharge, the
cover being held in place by means of a retaining pin and ring. A small
tiole was provided in the cover cap for filling. This was sealed with a
tise of tin, The filling charge was about 0.90 1b. of white phosphorus,

When used as a hand grenade, the eap over the firing mechanism was
removed after withdrawing the retaining pin. The striker was then
struck against any solid objeet, as the heel of the boot, the butt of the gun,
urock, ete., and the grenade was thrown immediately after st riking. The
shock sheared the small restraining wire and the striker point fired the
primer and started the fuse burning.

When used as a rifle grenade, the stem was attached by screwing it
into the hase plate of the grenade as far as it would go. The protecting
tap wax then removed, exposing the striker, A blank cartridge furnished
for this purpose was next loaded into the nfle, after which the grenade
rod was inserted into the muzzle {1:'1'!3‘ %he rifle and pushed down as far as
it would go. The butt of the gun was set against some solid object, such
as the bottom of the trench, a sandbag, etc., and the elevation adjusted
according to the range desired. Upon the discharge of the rifle, the set-
back sheared the small restraining wire, permitting the striker pin to
mupinge upon the primer and thus ignited the fuse which in 5 seconds
fired the detonator.

The maximum range was obtained with the rifle held at 45 degrees,
sShorter ranges could be had by either raising or lowering this elevation,
Under favorable conditions, ranges up to 230 yd. were obtained,

Postwar Development of Smoke Grenades.—Tle phosphorus com-
bination hand-and-rifle grenade was a very successful munition and was
by far the most effective and useful chemical grenade in the late war.
Because it was so satisfactory in the war, nothing has been done sinee to
develop & more effective smoke grenade, and the World War type of
combination hand-and-rifle smoke grenade remains today the most
effective device of its kind.

CHEMICAL GRENADES—INCENDIARY

In addition to the phosphorus grenades mentioned above which,
although primarily smoke devices, had considerable incendiary effect,
there was also used in the war a special incendiary grenade which was
called by the French, “Grenade-Incendirire A Main, Mle. 1916—
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Cylindrique,” and by the Americans, “ Thermite Hand Grenade, MK-1.”
These two grenades were identical, the American grenade being copied
directly from the French as the most successful device of its kind.

United States Thermite Hand Grenade, M-I (Fig. 13).— Thix
grenade consisted of the following parts:

1. A evlindrical shell of tin plate to which the top and bottom were sttached by
crimping s soldering.  In the cover was a hole into which was soldered o metalli
ring, tapped to receive the firing mechanism,

2, A percussion cap provided with a Bickford fuse.

3. A cliirge of thermite.

4. A mixture of special ipnition mnterial.

The grenade body wes approximately 515 in. long and 213 in. in
diameter. The total weight of the charged grenade was about 1.65 Ib.

To use the grenade, it was grasped firmly in one hand, and the cover
cap was removed with the other hand. The striker was then foreed in
sharply by striking it a keen blow against a hard body such as the heel,
a rock, the butt of the gun, ete., and the grenade was then immediately
thrown or placed against the object to be burned. The percussion of the
primer ignited the Bickford fuse, Its combustion required 5 seconds,
after which the quick match was lighted. This, in turn, ignited the

JU3

special igniting mixture. By reason of the delay and absence of explosion,
the grenade could be placed by hand or thrown to a distance.

The thermite incendiary grenade was effective beeause of the intense
heat of the molten material. It was placed by hand ahove the object to
be burned and used principally for the destruction of noncombustible
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Fig. 13.—Thermite hand grennde. M-1.

muterial. It contained a thermite mixture which produced an exceed-
ngly high temperature, the contents becoming a mass of white-hot
molten metal.

SMOKE CaANDLES anDp Pots

Small portable nonmissile devices which produced smoke by progres-
sive hurning of a chemical filling were in the late war called smoke candles.
If the device were of a larger size, not so readily portable, but producing
4 niure enduring smoke cloud by longer burning, it was called a smoke pol.
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These devices were among the first smoke producers used in the War,
They proved very effective for supplementing the gas operations of
chiemical troops and were later more extensively employed in screening
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infantry operations.

Suwohe candles were nlroduced by the Brilish al the battle of Loos
i September, 1915, being used by the British special gas companies in
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Section Elevation
Fic. 14.—United States smoke-substitute eandle,

eonjunction with their gas operations at that time (12, page 56). These
vandles were known ax ““Smoke Candle, Mark I/L/Type 8.7

When the United States entered the war, it adopted a sinoke candle,
which was very similar to the British Type 5 fmoke Candle, and was
known as ‘' Candle, Bmoke Substitute.””

United States Candle, Smoke Substitute.—This candle consisted of a
tin case, cylindrical in shape, 57¢ in. high and 33§ in. in diameter, and
filled with a solid smoke mixture, as shown in Fig. 14. To the top of the
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case was fitted a case cover, containing a central circular hole 1 in. in

diemeter, through whieh the match head was inserted and from which
the smoke eseaped when the candle was fired. A cardhoard disk con-
taining the mateh head was placed on top of the case cover. The mateh
head extended down through the hole in the case cover and acted as the
igniter for the smoke mixture. A seratch block for igniting the mateh
head was taped to the eardboard disk on one side of the mateh head and a
~mall strip of wood, the same size as the scratch bloek, was placed on the
wther side of the mateh head in such a manner that they were easily

Fis. 15 —Candle, smoke subatitute, in nperation.
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removahle. The strip of wood, together with the serateh block, Tormed
i protection for the miateh head. A mietal cover waa fitted over the top
of the candle and sealed with adhesive tape.

The smnke mixture ronsisted of potassium nitrate, coal dust, sulfur,
borux, and hard pitch, while the match head consisted of a mixture of
potassium chlorate, antimony sulfide, and dextrine,

The candle completely assembled was 614 in. high and 33¢ in. in
diameter, weighed 314 lb., was painted black, and was not marked or
steneiled in any way.

By drawing the scratch block quickly aervss the match head, the
lutter was ignited and flashed into the candle, igniting the simoke mixture.
A delay of about 3 seconds occurred between the serateching of the mateh
head und the evolution of smoke. The cardboard disk holding the mateh
head burned off.

306
Smoke of a vyellowish brown ecolor was generated in cousiderable

volume for a period of 4 minutes. A small eloud of vapor at the finisl,
usually lasted for another half minute. Figure 15 shows the candle,
smioke substitute, in operation.

These candles could be fired either singly with the scrateh block or as
n group with electric squibs, When fired individually, the adhesive tape
from the cover of the candle was removed and the candle was placed in
un upright position on the ground.

i

Hidlepy o 4 0
SINPIEERE Y b

= t
i e
W
%
!

7

Fra. 16.—I[llustration of electrical method of fring eandles.

1. Candle. 3. Cerdbourd disk, 5. H2guib, 7. Lead wire,
? Inner cover. 4. Mateh head. . Adhesive tape, 8. Exploder

After the tape was removed from the match head; the scratch block
was drawn across the match head. When fired a= a group, the adhesive
tape from the cover of the candle and the ecover were removed, also the
scratch block and tape, exposing the match head. The plug from the
base of an electric squib was removed and the squih with hase (open end)
wax securely taped against the mateh head.

The candles were then couneeted in a series and attached to a blasting
machine (see Fig. 16). The number of candles that may be fired elec-
trically is limited only by the capacity of the exploder or blusting machine
used.

The candle, smoke substitute, was painted black. Paint wa= applird
by dipping the candle in asphaltum paint for the purpose of protecting

the container and preventing the iggeas of moisture to the contents,
marking was placed on the candle, smoke substitute.

Postwar Development of Smoke Candles.—The postwar development

of smoke candles has closely paralleled that of tear-gas candles. The
first step was to substitute HC smoke mixture® for the British Type 8

smoke mixture, The next step was to standardize the size of the smoke
candle s0 A5 to make 1t the same as the tear-gas candle and thus utilize
the same container for both types. The result of this step in the develop-

No

* mee Chap. X1, p. 245,
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ment was known as “Smoke Candle, HC, M-II1,” (later called ' Smoke

Granade, HC, M8™).

Smoke Candle, HC, M-II, consisted of a eylindrical tin container
23{g in. in diameter and 414 in. high, filled with a solid smoke mixture
and & starting mixture and had & fuse mechanism for firing. With the
fuse attached, the height of the candle is 531 in.  For details see Fig. 17.

A zine cup, circular in shape, 114 in. in diameter, and 3§ in. deep, was
placed in & depression left in the top of the smoke mixture.
the cup was flanged outward, the flange being 2{g in. wide.
of the starter cup covered the entire surface of the mixture.

The vontainer top, in which there were four ' in. holes covered by
squares of adhesive tape and to which a brass adapter wus riveted, was
fitted to the can on top of the zine starter cup. Into the brass adapter
wus assembled a fuse, M-I.

The smoke mixture was composed of hexachlorethane, powdered zine,
ummonium perchlorate, and ammonium chloride, and the starting
mixture consisted of potassium nitrate, antimony trisulfide, and dextrine.

The candle, with f use attached, weighed approximately 13 1b.

When the safety pin of the fuse was pulled and the lever released, the
striker fired the primer.  This ignited the delay element which in turn
ignited the starting mixture. The starting mixture hurned through the
zine cup and started s chemieal reaction of the smoke mixt ure, generating
counsiderable heat with the formation of zine chloride.

The zine chloride escaped into the air as a dense white smoke, com-
posed of finely divided solid particles, which readily absorhed moisture
wnd became highly obseuring liguid particles.

The eandle burned from 213 to 31{ minutes in full volume.
stream of vapor lasted for possibly 1{ minute longer.
Smoke Candle, HC, M-II, in operation.

To fire, the candle was grasped with lever held firmly against the
candle body and the safety pin was withdrawn, keeping a firm grasp
nround the candle and lever. The candle was thrown with a full Wil
of the urm, like & grenade, or placed on the ground. As the cundle was
released from the hand, the lever dropped away, allowing the striker to
fire the pruner,

The candle could not be thrown into or placed within 5 ft. of dry grass
or other readily inflammable material if a fire was to be avoided. After
the candle was ignited, personnel remained at least 5 ft. away from the
burning candle. While the candle was practically harmless, the smoke

The flange

A smuall
Figure 18 shows
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was evolved with great vigor, and there was a tendency to throw out hot
particles of residue.

Smoke candle, HC, M-I1, was painted gray. A vellow band 1! in.
wide was painted around the can, 2 in. from the top. Stenciled in yellow
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in }g-in. letters was the symbol “"HC,” 14 in. from the top of the con-
tainer, and the word “SMOKE’ 114 in. from the top of the container.
Below the yellow band, stenciled in yellow were the letters “U.8.," the
manufacturer’s identification mark, and the lot number,

HC Smoke Pot, M-I —After several years’ use of Smoke Candle, HC,
M-11, it was found to be too small for the most economical gencration of
smoke, and a larger size device was
developed. This deviee, known as
“Smoke Pot, HC, M-1,” uses HC smoke
mixture as a filling and the serateh-
hlock type of firing mechanism emploved
i the smoke-substitute candle. Smoke
Pot, HC, M-1,is now the standard porta-
ble field sereening smoke generator for
the United States Army,

The present standard smoke pot
(Bmoke Pot, HC, M-1) is greatly superior
to the World War types of smoke candles,
hoth as regards guality and quantity of
<smoke generated. A= indieated in Chap.
XTI (page 246), HC smoke mixture has a
T.OLP, of 2,100, as compared to a T.O.P,
af 460 for the World War Type 8 smoke
mixture. Also the standard smoke pot Fi6. 18.—Smoke Candle, HC, M-11,
contains 12,5 lb. of HC filling as against " operation.

3 Ib. for the smoke-substitute candle. (ne =tandard pot, therefore, is
equivalent to 20 smoke-substitute (Type 8) =moke randlex in obseuring
capacity.
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CHAPTER XIX

INDIVIDUAL PROTECTION
WORLD WAR DEVELOPMENT

To accomplish its mission in war, an army must protect itself; it must
seck to keep itself intact and avoid an excessive drain in casualties (H 0y
it= resources and fighting power. Hence there is both an individual and 8
collective demand for protection in war regardless of what means or
weapons are employed.  In consequence of this, the history of war might
well be viewed as an age-long and continuing struggle between wes pon
development as a means of taking life, on the one hand, and protection
as & measure for safeguarding life, on the other.,

Broadly speaking, gas is used as a war weapon to contaminate the
atmosphere about the enemy’s position, rendering it dangerous to
breathe. Certain chemical agents are so toxic that but a few breaths of
them in high concentration will cause death by asphyxiation. Other
gase= attack the surface of the body and produce casualties by burns, It
i# therefore imperative that each individual be provided with a proteetive
device to remove the noxious substances from the air before they are
breathed or before they come in contact with the body. This is the
problem of {ndividual protection,

War gases are heavier than air. Hence they tend to hug the ground
and flow more or less like water into ground depressiuns, such as ravines,
hollows, and valleys, remaining effective in auch places much longer
than on high ground exposed to the wind. Gas seeps into trenehes and
dugout= and penetrates ordinary buildings just as does pure air.  Woods
vomribute to their persistency. Hence it iz that ordinary cover from
Fuu fire is not only ineffective against gas but, to the extent that it eause~
‘&= pockets,” actually contributes to the effectivencss of chemical agents,
The continuing action of gas after its release has also to be reckoned with
for, unlike an H.E, shell, the effect of which is complete when the shell
xplodes and each of its fragments has come to rest, the action of a chemi-
tal shell merely begins upon its explosion,
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These factors greatly complicate the problem of gas protection, for
ot only is it necessary to have special protective equipment, but there
Must be some means of giving warning in time for this equipment to e
ldljumud. Moreover, men cannot wear masks countinuously. They cun
neitber cat nor obtain much rest '-'.'hislﬁ 4'.1'earing masks. Hence means

must be provided to enable soldiers to eat and sleep without masks and
to enable staffs and special-duty men whose work requires freedom from
the restrictions imposed by the gas mask to carry on their functions
unmasked and yet protected from the all-pervading clutches of toxic
gases.  This ia the problem of group or collective protection. .

Finally, measures must always be taken to protect tactical units
#guinst chemieal attack and to assist them in accomplishing their missions
without excessive gas casualties. Thisis the problem of tactical protection.

From the foregoing it will be seen that defense against chemical
attack presents three classes of problems: (1) individual, (2) collective,
and (3) tactical protections, The first two of these involve protective
measures of a generally passive nature, 1.¢., principally the provision and
use of individual protective equipment, discussed in this chapter, and
installations for group protection, treated in Chap. XX. The third
problem—tactical protection—concerns modes of action and troop lead-
ing, with the view to avoiding gas easualties in the conduet of military
operations,

When the Germans launched the first chlorine cloud against the
British and French in April, 1915, it caught them without any form of
protection, and hence caused a tremendous number of casualties (15,000)
and & high percentage of fatalities (33 per cent). So staggering was this
blow that all the energies of the British and French Governments were
concentrated during the next few weeks on improvising means of protee-
tion against gas, and the results achieved were nothing short of miraculous.
Within the short space of two weeks, every British soldier at the front
was 1ssued & cotton pad soaked in a solution of sodium carbonate and
thiosulfate, which could be tied over his face and which afforded protec-
tion against chlurine—the only gas then in use. |

Concerning this early effort on the part of the British, General
Foulkes BRYS'

Immediately wfter the first German gns atiack . . . Lord Kitchener had sent two
envnent seientists, Dr. Haldune and Professor Baker, to France to investignte the
problem of protection on the spot: he had also appealed to the British public to supply
pad respirutors, sich as were being improvised in the field, and in a very few days,
thanks to the devoted efforts of British women and the organization of the Red Cross,
every mian in the B.E.F, had been supplied with some sort of protection against gas.

From the first big gas attack in April, 1915, to the end of the war, the
resources of both sides, and particularly of the Allies, were strained almost
to the limit to keep gas protection abreast of the rapid development in
the offensive use of gas. It was truly a modern version (vastly acceler-
uted) of the age-old race between ermor and armor-piercing projectiles.
During the three and a half years of the gas war the British Government
alune issued 50,000,000 gas masks of seven different kinds to protect an
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army of 2,000,000 men in France—an average of 25 masks per man.
This was not waste; it was dire necessity, forced by the ollowing requence
of eventa:

The Germans used: 1

1. Chlorine, on Apr. 21, 1915, against ¥
unprotected troops. By May 3, 1915, ¢
British troops were issued cotton cloth

ik
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Fia. 108.—First British pas mask,
Black Veil Respirator.
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pads soaked in a solution of sodium car-
bonate, sodium thiosulfate, and water.
These were supplemented with boxes of
cotton waste from which each soldier
took a handful to stuff in his mouth and
nostrils hefore fastening the pad over his
face. The pads required frequent soak-
ing. This form of protection was never
regarded as more than a temporary
expedient.

By May 10, 1915, British troops in
the Ypres sector were provided with the
Black Veil Respirator (see Fig. 108).

This consisted of a fourfold piece of

black veiling about 1 yd. long and 8 in. wide. The center portion was
padded with cotton and saturated with sodium carbunate, glycerine, and
= water, the glycerine having been added
to keep the pad moist. Tied about the
face, thi= respirator, however, did not
infure a gastight fit and was =onn
replaced with a new dezign.

2. Tear gos (T-Stoff), in  shell
beginning in January, 1915, but inercas-
ing to serious proportions in Mayv and
June. These tear gazes eaused very
serious  laerimation  (an  unprotected
man was lwelpless) when present in a
concentration only one six-thousandth
of the lethal concentration of chlorine,
To meet this threat the British issued
the Hypo Helmet (<ee TFigs, 109 and

v e e ki T, This helmet was made of lannel
Fro. lﬂﬂfi;ﬂi‘f’ﬁ:hfmf;}‘i P.H. in the form of a sack which could be
put over the head with the open ends
tucked inside the blouse. The cloth was dipped in hypo (sodium
thiosulfate), washing soda, and glycerine. A rectangular piece of
5
relluloid was inserted in the helmFiﬂfur vision. This was easily cracked
and the mask was otherwise defective in having no outlet valve to prevent
the harmful accumulation of carbon dioxide inside the helmet. Thix
mask was issued to all troops in the field by July 6, 1915,

3. Phosgene, on Dec. 11, 1915, Phosgene was ten times more poison-
oua than chlorine. By July, 1915, it was learned that phosgene would
be employed by the Germans during the following December. The
British Intelligence Service ascertained not only this important fact but
also the exact area within which the attack would take place. Wit
five months to prepare, the British developed the P. Helmet.
This was gimilar in shape to the Hypo
¥ Helmet but was made of flaniwlette and
" i was provided with two glass eyepieces.
. It aleo had an expiratory valve made of
. rubber, very similar to the outlet valve
on present-day masks (see Figs. 109 and
:2 110). ‘The helmet was dipped in a solu-
‘= tion of caustic soda, phenol, and glye-
 erine, The first two of these substances
react to form sodium phenolate which
neutralized phosgene, hence the name P,
or Phenolale Helmet. It was used by the
| British during the large phosgene attack

Fio. 110~British Hypo, P., or mear Pilckum on Deec. 19,1915, [t saved
:;E&H:E: in um, akirg butioned many lives though it was not fully

satisfactory against high coneentrations.

Meanwhile the Russians had discovered that a substance known as
urotropine or hexamethylenetetramine readily neutralized phosgene.
With this information, the British now discarded the P. Helmet for
the P.H. (phenate-hexamine) Helmet, similar except for the protective
solution in which it was dipped (sce Figs. 109and 110). Thenew solution
was urotropine, caustic soda, phenol, and glycerine. The P.H. Helmet
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gave much better protection than the P. Helmet, was effective for about
24 hours’ continuous nuse, and would withstand a high concentration of
phosgene,

By the latter part of 1915, the Germans had commenced the extensive
employment of lacrimatars cither alone or in conjunction with lethal gas.
The P.H. Helmet offered little protection against lacrimators. Accord-
ingly in September, 1915, goggles made of rubber with mica eyepieces
were issued for use in connection with the P.H, Helmet. This involved
difficulties of adjustment which led to the development of the P.H.G.
Helmet, having tight-fitting goggles attached to the mask. This helmet,
however, was also difficult to adjust and was soon discarded. With the
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subsequent invention and issuance of the box respirator, the P.H. Helmet
was continued in serviee use for some little time as a substitute in case the
respirator was lost or damaged.

4. Increasing conceniration of gas early in 1916, The protection pro-
vidled was inadequate, Having reached what they believed was the
limit of protection with the helmet-type of mask, still not fully satis-
factory, the British now turned to an entirely different principle, with
the invention of the Large Box or Tarbor Respirator. 'This was the first
British Army mask which included a canister of neutralizing chemicals.
The canister contained granules of char-
roal, soda lime, and potassium perman-
ganate. It was eonnected by a rubber
tube to the facepiece which covered only
the chin, mouth, and noze. The face-
piece was made of 24 thicknesses of
muslin soaked in sodium zincate and
urotropine. The facepiece included a
nose clip to prevent breathing through
the nose and a rubber mouthpicce for
breathing with the mwouth through the
canister.  Goggles were used for protec-
tion against lacrimators.

5. Chlorpierin and similar (Green
Cross) gases, about MNar. 26, 1816,
Chlorpierin was sabout four times as
poisonous as chlorine. 1t was also
chenncally  very inert and was not
officiently absorbed by any respirator
fo this date,

The Large Box Respirator was eumbersome and deficient in protection
against lacrimators.  It, i turn, was supplanted by a mask of improved
design called the Smiall Bor Respiralor {(see Fig. 111). Thix was first
issued to troops in April, 1916, and served the British, as well ax many
of the Umited States troops, to the end of the War. The Small Box
Respirator consisted of a small eani=ter containing layers ol charcoal, soda
lime, and potassium permanganate; a corrugated tube and a facepiece
covered the entire face. The fucepiece was made of rubber cloth and
while u tight fit was depended upon for protection against lacrimators,
the rubber mouthpicee and nose elip, to insure that only air from the can-
ister was hreathed, were retuained.

6. Mustard gas (Yellow Cross), in July, 1917. Mustard gas is 36
times as poisonous as chlorine, The Small Box Respirator sufficiently
protected the eyes and nose against mustard gas. The mustard gax
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persisted for days in any locality where used and had very httle odor and

was not unpleasant at the time. The masks were very uncomfortable
when worn for long periods. Also, the mustard gas affected all parts of
the hody, easily permeating the clothing. Hence tremendous casualties
were caused by its use, Adequate protection never was devised. Diffi-
culties of manufacture fortunately limiled the German supply.

7. Toric smoke { Blue Cross), in July 1917. Bome of these toxic smokes
produce intense and intolerable (an unprotected man could not fight)
irritation of the nose and throat in eoncentrations only one twenty-
thousandth of the lethal concentration of chlorine. All the masks pre-
viously mentioned permitted the penetration of smokes. Tht Germanx
discovered smokes terribly irritating to the nose and throat and com-
menced their use on a very large seale. The Germans manufactured

Fig. 111.—Britith Small Box Respirstor.

14,000,000 Blue Cross shell and expected extremely important results,
hoping to force the removal of the mask and permit casualties to be
readily produced by other gases,

The British had forseen this possibility and had provided a partial
protection in the shape of an extension to the Small Box Respirator.
Subsequently other changes were introduced. Really adequate protee-
tion never was devised. Fortunately the German shells were not effec-
tive. (Penetration of the mask is effective only when the particles are
approximately of a certain size.)

The above facts illustrate grimly the strenuous race that took place
between offensive and defensive gas warfare in the late war.

Mask DEVELOPMENT

The evolution of the British wartime gas mask, as outlined above, 1
of special interest since it was the British type which was adopted by the
American Army upon entry of the United States into the war,

The earlicst German respiralors consisted of pads of cloth roaked in
a sodium thivsulfate—sodium carbonate solution. These were followed
by masks of absorbent cloth made in the shape of a snout which fitted
uver the mouth and nose,

During the fall of 1915, the Germans turned to a camister-type respir-
ator (see Fig. 112). The facepiece of this mask was made of leather
treated with tar oil and tallow to render it gastight and watertight.
The facepiece covered the entire face including the eyes. Eyepieces,
consisting of an outer laver of glass and an inner layer of chemically
treated celluloid which prevented dimming, were inserted. Screwed to
u svcket in the facepiece was a small eylindrical canister containing
absorbent cheinicals. The air was inhaled and expired directly through
this eanister. Originally the canister filling consisted of a layver of kiesel-
guhr or granules of earth soaked in potassium carbonate covered with
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powdered charcoal, a layer of charcoal granules, and a layer of pumice
mixed with urotropine. In April, 1918, a layer of charcoal and zine
oxide was substituted for the layer of earth granules.

"To protect against irritant smokes, a paper disk filter in a perforated
metal container, which was fitted over the camister, was later issued.

This mask had the advantage of compactness, but as there was no
uFtlet valve the wearer had to continually breathe a certain amount of
his own expired air. Also the entire weight of the German mask and
canister was carried by the head and
produced fatigue of the neck ‘muscles
after a short period of wear.

The French developed three masks,
the M2, the Tissot and the A.R.S.
(Appareil Respiratoire Spécial).

The M2 Mask (see Fig. 113) was in
the form of a snout covering the face.
It was made of 32 layers of muslin
impregnated with neutralizing chemi-
cals. Celluloid eyepieces were provided
for vision. There was no outlet valve.
Air was inhaled and exhaled through
the fabric.

The facepiece of the Tissot Mask
(see Fig. 114) was made of pure rub-
ber and was connected by a tube to a
canister of absorbent chemicals earried
on the back. The mask is noteworthy
as being the first to provide for drawing
the incoming air across the eyepiccoes
to prevent them from dimming. It
wag used extensively by artillervmen
and special observers in both the French and Amoerican armies, 1t was
clumsy, however, and difficult to adjust and was henee unsuitable for
front-line troops.

The French now turned to the German 1¥pe ol snout eanisier mask,
developing the A.R.8. Mask, experimentation with which hegan in Sep-
tember, 1917. Thiz mask was an improvement on the German in that
it incorporated the Tissot principle of preventing dinuning ol the eye-

Fic. 112 —Fauarly German Eus mnek
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pieces by drawing the dry inspired sir aeross them and it also ineluded
an outlet valve which the German type lacked. The French snout
canister, however, gave somewhat less protection than the German.
Moreover, the Freneh did not furnish each soldier with an extra canister
lo earry with his mnsk as did the Germans.

- : iy -y .
The original Ialian mask was sﬁmewh&t similar to the French M2

type.  This was roon discarded for the British Small Box Respirator
which the Italinns adopted for their troops during the war

Fic. 113.—French

Fra. 114.—TFrench Tiesot gns mask.

The Russian wartime gas mask (see Fig. 115) conxi=ted of a headpiece
which ecovered the head including the ears. It was conneeted direetly
to a canister box supported on the
chest.  The canister contained char-
coal  onlv. Thix mo=k hoad neither
wouthpicee nor nose elip, hul
=till uneomfortable to wear,

Upane entey of the U nited Stedes
i the war, the War  Departinent
adopled the Britich Small Box Res-
pirator (see T 111}, constdering it
the best of FEuropean masks which
bad been developed. However, in view
of the then extensive use of mustard
g2 which necessitated the wearing of
the mask for long periods of {ime, i
was carly realized by the American Gas Serviee that the uneomfort-
abile mouthpicee and nose elip of the British type of mask showld

Wil

y ¥
-
o ]
_'_‘l j_.

Fiu. 115 —~Russinan gas mask.

he eliminated. Accordingly Expe%%:mntatiun was immediately begun
leading to development of a number of improved designs. None of
these fully met requirements, and it was not until the elose of the
wur that a satisfactory American mask of improved design was pro-
dueed.  All told a total of 5,602,499 masks were made in this
country during the war. Of this number 4,210,586 were shipped tu
Franee,

The first American effort in gas-mask production was a lot of 25,000
mu=ks of British type intended for use of the 1st Division, These wern
made without sufficient knowledge of British specifications and fabrica-
tion methuds, They were shipped to France in 1917 but proved faulty
aied were: never issued to troops.

Following reccipt of more definite information, production of masks
for training purposes, practically in exact duplieation of the British type,
wis begun in this country in July, 1917. The facepiece of this type was
made of rubberized eloth and included celluloid eyepicces. It had =
rithber mouthpiece and nose clip similar to the British.

The Training Mask was followed in October, 1917, with the C.E. or
(Corrected English Mask. This included an improvement in the facepiecs
fubrie, proteeting against all gases, the previous type having heen per-
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meable to ehlorpicrin.  Other improvements were the addition of the
Rutter valve guard, use of coiled spring to huld the eyepieces in place,
change in the angle tube giving lower breathing resistanee, and the sub-
stitution of activated cocvanut charcoal in the canister, for the unaeti-
vated wond charcoal in the original British tvpe.  Before the Armistice,
1,864,000 of the C.E. Masks were turned out,

The B.F.K. Mask was a somewhat improved type designed by three
men conneeted with the American Gas serviee, Richardson, Flory, and
Kops,  Noteworthy improvements of the C.E. mask were the use of
spun-in aluminum eyepivees and a change in the shape amd the facepiees
Dineler feame to inerease the comfort,  From February, 1918, until the
Armi=tiee, 3,050,000 of theze masks were produeed,

Tor meet the demand {or inereased comfort and lower breathing resist-
anee, there followed several types noteworthy as the forerunners of the
present-day Ameriean Army mask.  In all of these the mouthpreee ad
nose¢ ehp were dispensed with, and the Tis=ot principle of deflecting the
ineoming dry air across the eyepieces was incorporated. The A.T.
(Akron Thissot) Mask, was designed by the Akron Rubber Company
(see Fip. 116}, The facepiecce of this mask was made of molded rubber
coversd with stockinette.  Inside the facepicee was 8 Y-shaped tube to
detleet the incoming air across the evepieces aud a sponge-rubber chin
rest was also provided.  Produetion of this type started in June, 1917,
@ tutal of 197,000 being made before the Armistice,

Another improved type was degigned by Kope and known as the K. T,
or Kops-Tissol Mask. This mask contained a semifiexible facepiece
binder frame and was provided with a butterfly shaped air deflector made
of rubber. It had no angle tube, separate tubes for inlet and outlet of
air being used. In place of the rubber chin rest of the A.T., it had an
clastic chin rest strap. The self-centering adjustable head harness pro-
vided in the A.'T. was incorporated in
this mask. A total of 337,000 were
made before the Armistice.

The principal objection to the
A.T. and K.T. Masks was that they
were difficult to manufacture,

By Qctober, 1919, production had
begun on a further improved type
known as the 1919 Model or K.T. M.
Mask. About 2,000 of these were
turned out before the Armistice, by
which time preparations had been
made for their manufacture at the
rate of one million a month,

The facepiece of this mask was
made of a special rubber compound.
The outside surface was covered by
a layer of thin cotton [abric called
stockinette which was vuleanized to
the rubber. The facepiece material
with stockinette eovering was manu-
factured in the form of sheets from
which the facepieces were eut out by means of a special die. The die
eutting was so shaped that when folded and two short edges were sewn
together to form a chin scam, a properly fitting mask was obtained. This
method of manufacture greatly facilitated mass production.  Holes for
the eyepieces were eliptical so that an uneven tension was produced around
the eypieces causing the eyepieces to bulge forward as desired and insuring
a proper fit about the temples. The mask had an angle tube similar to
that of the A.T. and a deflector almost identical with that used in the
K. T., but neither a ehin rest nor a chin strap, the facepiece being =0 shaped
that these were unnecessary. A head harnes: pad of canvas-covered
felt and buckles for adjustment of the head harness straps were provided.

Fra. 116.—American A.T. (Akron-Tissol)
gas mask.

CanisTeRr DeEvELOPMENT (AMERICAN)
The canisters of the early American type masks were filled with char-
coal and soda lime in the proportion of 60 to 40 and were painted black.
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They were about one-fourth larger than the British type, it having been
feared that our charcoal was inferior and that hence a larger amount was
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needed. It was later learned that American-made charcos! was in fact
suprrior and the canister was accordingly reduced to the same size as the
Rritish.

The canisters of the C.E. Masks were of the reduced size and were
painted yellow. By January, 1918, two cotton pads were inserted in the
ranister to proteet against irritant smokes, These canisters wore also
painted vellow,

When the R.F.IL. masks were being manufactured, it was found that
the camster could be reduced still further in size and also that breathing
resistance could be lowered. Canisters of this improved tvpe were
paited green.

Various sorts of irritant smoke filters were used during the World
War, including paper, ecllulose, and cotton.  Felt was found to be the
most efficient material, though 1t offered cousiderable resistance to bhreath-
ing and was expensive.  Accordingly, the next American improvement
in eanisters was the incerporation of a felt filter, This camster was
painted Mue and was used in the 1919 mask.

CARRIER DEVELOPMENT

For the early American types of gas masks, a square-zhiaped canvas
safvhel, carried slung over the shoulder, was provided. The sling or
carrying strap for these carriers was 0 made that the satchel could be
quickly transferred to the alerf position across the eliest, a cord being used
to tie around the body and hold the satchel in place. This two-position
carrier was not satisfactory in this respeet and, moreover, when lving
prone 1t was diffieult to adjust the mask from the alert position of the
carrier without undue exposure of the body. The side satehel was henee
developed. Using a longer corrugated tube it was unnecessary, with
thie side satehel, to ehange 11s pogition before adjusting the mask,

POSTWAR DEVELOPMENT

The Gas Masg

Sinee the war, development work on gas masks has heen mainly
direeted toward further improving the 1919 Model "™ Army serviee gas
mask, brought vut at the end of the war, and toward providing additious)
fypes of special masks needed for certain troops who have speeial duties
i perform, sueh as communicating messages over telephvnes (the dia-
phragm maxk), observing through optical instruments (opticnl mask),
aned piloting airplanes (aviation mask).

Our pustwar mask-development work has been based upon certain
practical requirements which control the design of the mask. These
requirements may be summarized as follows;

The mask must proteet against all chemiesl-warfare agents.

It must have n low breathing resistance,

It must he light in weight,

It must he comfortable.

It must be simple in design, easy to operate, and repair.

It must not interfere greatly with vision,

I1 must be migged enough to withstand field conditions,

It must be reasonably easy to manufacture in quantity.

9. It must not deteriorate appreciably in storage for at least several vears.
10. It must have a service life in the ficld for at least several months,

e

The ideal gas mask is one which affords complete protection against
all known toxic gases. Theoretically such a mask is possible but it can
not at the same time satisfy all of the practical requirements listed above.
Thus, the requirements of maximum protection, low breathing resistanece,
and light weight, are essentially opposed, for protection varies directly
with the amount of chemicals used and the capacity of the mechanical
filter. But the more chemicals used and the larger the filter, the heavier
the canister. Bimilarly, low breathing resistance requires a large super-
heial area for the filter which in turn increases the size and weight of the
ranister,

Again, if the canister is made small, the chemical filling must be
redluced, which lowers protection, and the filter must be made smaller,
which increases breathing resistance. Hence the military mask is &
compromise, embodying an optimum bulanee among the ten reguire-
ments indicated above, partieularly the first three.
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In addition, the Army service gas mask is designed to protect only
againzt substances suitable for war use as chemieal agents. This should
he thoroughly understooml and the military mask should not be relied
upen for any purposes other than those for which it s intemded,

ThE CANISTER

The eanizter of the military gas mask is the means by which chemieal
agents present in thie atmosphere are removed from air before it is
Lreathed (see Fig. 117), It eon=ist= of three principal parts, riz., a chemi-
eal contuiner, usnally made of sheet metal and provided wath air inlet
and outlet openings; a filter for the removal of solid and liquid particles
by mechanical filtration; the ehemical filling for the disposal of gases by
physical adsorption, chemical neutralization, or by a combination of
IIH'H" I”'H['l"i"\:i“l{'H,

A< an integral part of the mask the canister itgelf must cenform tu
the general requirements listed above.  These requirements impose
045
decided limitations upon the number of materials or substances which
may be used as components.. The material used for the mechanical
filter must be sufficiently dense to hold out the extremely minute solid
or liquid particles of which the irritant gases and smokes are constituted.
These particles, it may be said, are
#0 smull that they cannot be seen

E:bow norzie
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microscope while even with the fop
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. |
material must not be so dense as .J-:;H"’]ET
to impede unduly the flow of air "'_“_:,f;;”ff[fr’

through it. The chemical or by

chemicals used for the removal of qwmgnud
guses must be highly porous in i

order to provide within small <pace H.':ﬁ_‘éfn -
a relatively enormous ahsorbent ;':;r;:rg:er

They must not react with
eacti other or correde their metal
container., Their effectivencss
must not be appreciably lowered by
exposure to air of high humidity.
They must remove the gas very rapidly since any given portion of
inspired air is in contact with the canister filling for but a fractional part
of a second. They must have the capacity 1o dispose of large amounts
of gas since the eanister cannot be frequently replaced. They must be
fairly cheap and available in great quantity, In turn, they, as well as
the filter, must not cause high breathing resistance,

The only single substance which approximately fulfills all the require-
ments of & chemical filling for gas-mask canisters is activated chareoal
in the form of small granules.  Generally speaking the best chareouls for
this purpose are made from verv dense raw materials,  The most satis
factory material found during the World War for canister chareoal was
vocoanut shell. Various nut shells, fruit stones, and other substanees,
however, were al=o used. Since the war, improved methods of manafae-
ture have made possible the use of more readily available materials.
Chareoal is a highly porous substanee consisting principally of earbon
which i= made by the carbonization of organic matter. As =uch, it i3
valled primary chareoal. By subjecting primary charcoal to a certain
process of heat and steam, called aefivation, the property of ad=orption
of gases, which primary charcoal pussesses, i= greatly inereased.

When gas-laden air i= passed through aetivated eharcoal, the moleeules
of gas are attracted and held physically on the surface of the pores in the
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rharcoal granules, the purified air passing on through. This process of
removal of the gas is called adserption. 1t may roughly be compared to
Lhe artion of a magnet in attracting and holding iron fillings on its surface.
Activated charceal which will ads=orb half its own weight of toxic gax hax
heen made on a large scale, while charcoals have been made in the labora-
tory which will adsorb more than their own weight of gas. The principal
deficiency of charcoal as a canister filling is that it does not hold tena-

surface.

Iniet yohve disk
]
vitlye 5ot

Fig. 117 —Gase-mask canister {scctionalized).
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ciousty certain highly volatile acid gases, notably phosgene, hat gradually
releases them to the passing air eurrent.  This deficiency is compensated
for hy the nse of annther substance mixed with the chareoal, riz., zodn
e, '

Sodda lime 15 2 mixture consisting of hydrated lime, cement, kieselguhr,
sielim hydroxide, and water in varous proportions aceording to the
lormula n=ed; there are several. Gases, which the charcoal does not
hold firtnly by adsorption and which are gradually given off by it, are
caught by the soda lime, with which they enter into chemical combing-
tion.  After continued exposure to certain gases, such as phosgene, 3
gracdual transfer of the gas to the soda lime takes place, thus leaving the
vlinreonl free to pick up more gas. It may therefore be said that the
principal funetion of the =oda lime i= to art a= a reservoir of large capacity
for the permanent fixation of the more volatile aeid and oxidizable gases,
while the chareoal furnishes the required degree of aetivity for all gases as
well a= storage capaeity for less volatile ones.

Anather reason for the combination absorbent ix that, while a rise in
cither temperature or humidity ecauses a deerease in the adsorptive capac-
ity of charcoal, sueli conditions inerease the reactivity of the soda lime.

The canister of the present military mask contains a mixture of soda
e und speeially prepared eharcoal as well a= a highly efficient mechani-
cal filter. It ean this be relied upon to give full proteetion apaingt any
wis hkely to be encountered in the field.  The funetion of the different
components of the canister as regards the principal war gases is =et Torth

T
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[t should be impressed upon all coneerned that the canister provided
with the military gas mask 18 for protection against chemical warfare
apents only,  There are certain toxic gases unadapted for war use whicl,
may otherwise be encountered, espegially inindustry. The principal ones
are rarbon monoxide and ammonia. The Army ecanister does not proteet
ngainst these gases and should never be relied upon for such purpose.

Carbon monoxide has neither odor nor color and a person suhjeetod
to a sufficient concentration of it loses consciousness without warning,
Being lighter than air, high concentrations of this gas are generally limited
As it is one of the products of combustion of wood it
o invariably present m burning buildings. Henee the military pas-
mask eantster =hould never be uszed in fire fighting, Carbon Maon-
oxtde i= al=o present in automobile exhaust gas, in natural gax, artificial
ilhninating ga<, blast-furnace gases, mine-explosion gases and in the
gases resulting from the burning of smokeless powder in artillery,

epair or rescue work about refrigeration plants and other places
where there 18 leakage of ammonia gas should be undertaken with the
mihitary gas mask.

[t =hould also be realized that the military gas mask does not supply
ur make air or axygen and hence should never be used in an atmosphere
deficient in oxygen, Tunnels and shaftz of mines following an explosion,
the holds of ships, and tanks and tank cars containing voilatile liquids
are places likely to be dangerous in this respect.

[t should further be understood that the Army serviee gas-mask can-
tsler 15 not designed to protect agarnst concentralions of war gas grealer than
I prr eent by volume, It is most unlikely that concentrations as high
as this will be encountered in the field. However, such concentrations
may I found in the immediate vicinity of the explosion of the gas shell,
tor mstanee in a dugout when a shell bursts in the entrance to it. As
wdditiona] precaution men, even though wearing masks, should move
rptekly from the immediate vieinity of the explos<ion holding their hreath
Dungerously high coneentrations may al=o bhe eneoun-

to enelosed spares,

while =0 duing.
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tered through leakage in changing the valve on a exlinder containing o
ehemical agent liguefied by pressure, or in a tank containing a vulatle
eolvent sueh s gasoline,

THE AuMy SErvIcE Gas AMask

The gas mask now provided for the Army is known as the Serpier Gros
Mask (sce Fig. 118).

The principle upon which the gas mask funetions is the purification
ol in=pired air by removal of the gas or smoke.  Perfect fit of the faee-
pieee 1= depended upon to insure that only air which passes through the
eiistor i drawh into the lungs.,  The mask consists of three main parts;
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Fra, 118, —Army Berviee Gas Moask,
1 Rubber mask, 10 To=e 19. Hook clasp.
o IHIF“"!‘ |I1lﬂ.r‘hﬂ'll‘l‘l1‘ 11, rul:l.i_p,lilr . ﬂh,ﬂulder slrnf
+ Head linrpess, 12, Carrier body 21, Nody strap.
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S e piece, 14. Rivet, 23. Lower can strap,
fr. Angle fube 13, Chape 305, 4. Antidim set etrap.
T Outlet valve 16, Chape 43° 25, Antidim set.
B Orat et walve gaard. 17, Strap loop.
0 Delleetor. 18, Eve clasp.
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the facepiece, the canister, and the hose tube. The mask with the ecarrier
weighs 3 b,

The facepiece 15 made from molded-rubber blanks of approximately
the correct size covered on the outside by a thin layer of eotton fabric
called stockinette vuleanized to the rubber. The facepicces are cut v
from the face blanks to exact size and shape by means of a die,  These
die cuttings are then folded, and two short edges are sewn together by
o special aigzag stiteh and taped with adhesive tape, thus forming a gas-
tight =eam at that portion of the mask wineh fit< under the chin.

The eyepieces are made of two lavers of glass separated by a thin
layer of eelluleid.  Even if struck a sharp blow and badly eracked they
will remain gastight and will not splinter.  The lens are held in the
facepicee by detachable serew-on typé retaining rims, =0 that they may
eusily be replaced.

When adjusted, the farepiece i= held in place by an elastic head Lar-
The harness is made of strips of elastic tape held together in the
When

Iss,
venter by a thin oblong piece of felt called the head harness pad.
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the head harness i worn out a new harness cun gquickly be attuched to
the retaining buckles which are sewn to the facepieee itself,

Attached to the facepiece Just above the chin seam is a metal casting
called the angle fube. This tube has two passages, one connected with
the hose tube for the passage of inhaled air, the other attached to the vut-
let valve is for the passage of exhaled air.

The outlet valve, protected by 8 metal guard, is made of rubber. 1t
15 a simple but effective device which allows the exhaled air to pass out
of the facepiece but otherwise remains closed, preventing any nir from
being drawn into the mask through the outlet portion of the angle tube.

Inside the facepiece and connected to the air-inlet portion of the angle
tube is a butterfly-shaped tube made of rubber. It is known as the
defleclur, its purpose being to deflect the incumming dry air across the
eyepicees.  This prevents the condensation of moisture from the hreatl
on the glass surfaces.  Without this device the eyepieces would soon
beconte so fogged or dimmed that it would be impossible for a man wearing
the mask to see,

To msure proper fit for any size or shape of face, facepieces until
recently were Jurnished in a range of four sizes. A universal facepicee
designed to fit any face has now been developed and is being supplicd.
This greatly simplifies the problem of fitting and also of supply.

The canister (see Fig. 117) is an oblong-shaped metal box, painted
elive~drals color, and contaiming a combination gas and smoke filter. The
filter consists of an oval-shaped perforated sheet-metal container filled
with a mixture of 80 per cent activated charcoal and 20 per eent soda lime.

The vuter surface of the chemical container i= covered with a matorial
a0l

which filters out irritant-smoke particles. Inspired air enters the canister
through a one-way valve in the bottom ealled the inlef salre.  From ther
it is drawn first through the smoke filter where solid and liquid particles,
if present, arve separated out. The air then passes to the interior of the
chemieal container where the toxie vapors are adsorbed by the charcoul
or neutralized- by the soda lime. The puri-
fied air passes out of the canister through o
metal-elbow fitting ot the top connected to
the hose tube,

The hose tube (see Fig. 118) is u corru-
gated tube of rubber covered with stocki-
nette, It serves to conduet the purified air
from the eanister to the facepicee. The
corrugations of the tulw prevent it from
collapsing or kinking and thus shutting off
the flow of air.

The carrier (see Fig. 118) 1= a somewhat
irregular-shaped satchel made of olive-drab
canvas provided with adjustable shoulder
and waist straps. It is carried at the left
side, wunder the arm, the shoulder =strap
fitting over the right shoulder.  The vpening
covercd by a flap held in place hy snap
fasteners is at the front. The carrier not
Fra. JIP-—Ar::fdeiﬂphrnm Za% only serves for convenient carriage of the

| mask but protects it, especially the canister,
from motsture and other harm. The mask i85 adjusted to the face from
the carmer without ehange of the position of the carrier as wux necessary

with the wuartime type.

[nside the carrier = a small eylindriceal tin box containing a stick of
<oatphke substance, culled the antidim ecomponnd, aud a piece of eloth,
When applicd to the inner surfaces of the evepieees and rublwd to a thin
laver with a eloth this compound forms a transparent film over the glass
<trfaces which aids in preventing them from becoming fogged.  The
anitidim container ix held in place by a loop of fabric from which it can
risidily e detachied when needed.

SrECIAL Masks
The Naphrogn Waxd: (Fig 110} 34 sepieinlly dogigned tn mant the
recuiremnents of personnel of the Army whose duties make ease in talking
essentiul. The mask is identieal with the serviee mask except for the
Licepiece which includes a diaphragm to facilitate the tranamiassion of the
~oniul of the voiee,  Instead of the angle tulye as used in the Army service
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facepiece, & metal part lu-t:mt:.iininétm 5itlllet and outlet air passages and also
u seating for & diaphragm is employed. This metal piece, in addition, has
two air-deflector tubes leading to the eyepieces which serve in lieu of the
rubber deflector in the Army service mask. The voice transmission
diaphragm censists of a thin disk of fabrie treated with bakelite. Tt ix
held in place and protected by a perforated metal disk. For Army use,
this type of mask is applicable for officers and for telephone operators.

The Diaphragm-optical Mask i3 designed for use by men whose duties
require them to use optical instruments, such as range finders, telescopes,
ete. For thiz purpose, the eye of the ohserver must be brought up into
rlose and definite relationship to the observing optical instrument so the
syepleces of the mask are made small and are held in rigid though adjust-
able relation to each other and to the ryes of the wearer,

As observers requiring optical masks have also to transmit observed
data by telephone, the optiecal mask iz equipped with & special sound-
transmitting diaphragm, similar to the
Diaphragm Mask, and, sinee it em-
hodies two special features, it is desig-
nated as the Diaphragm-optical Mask.
The hoze tube, camster, und earrier
are the same as the Army service gas
mask.

OX1YGEK-BREATHING APPARATUS

Since air-purifving canisters  on
Army gas masks are effective only in
atmospheres containing not over 1 per
cent of toxie gases, they do not furnizh
adequate protection for certain per-
sonnel whose duties require them to
enter or remain in elosed places where
higher toxic concentrations may aceu-
mulate, To proteet such speeial per-
sonnel {only a very small fraction of
romhbat troops), oxygen-breathing
apparatus i= required.  Buch apparatus
ix eurrently used in ming reseue work and in other hazardoas occupations
in industry where high toxic concentration= are encountered.  For
military use, the most suitable types of conuuercial oxygen-breathing
apparatus are adapted to meet the spevial serviee requirements,
The principal military characteristiex are: (1) minimum weight; (2)
maximum time of protection: (3) simplieity  of operation; and (4)
Usually it = advantagesus o eombine
052

the service mask with an oxygen-breathing apparatus and provide a
two-way valve so that either the service canister or oxygen may be used
ux the situation requires (see Fig. 120).

Fia., 120, —Oxygen-hreathing npparatus
{eommercial tyvpel.

ruggedness ol construction.

THE Horsr Mask

The horse mask (Fig. 121) iz a device to protect the respiratory tract

Fic. 121.—Amerienn horse mazk in poaition {World War type).
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of a horse or nle from lung injuranta. It is a hag made of layers of
cheese ¢loth treated with chemical which neutralize the gas when air is
hreathed through it.

Ax horses and mules never breathe through the mouth and as their
eyes are not seriously affected by lacrimators, the mask covers the nostrils
and upper jaw of the animal only.

The mazk is provided with a eanvas or leather pad which fits into the
animal’s mouth preventing him from biting through the mask: a draw-
<tring to insure tight fit of the hagz over the upper jaw; a stmple head
harness whirh fits over the head and ears and is retained in Mace hy n
throat lateb.  When not in use, the mask ix ecarricd in 8 waterproof
burlap bag, which hangs under the lower jaw, attaclied to the halter.

To adjust the mask slip the mouthpicee pad well into the mouth, the
apen end of the bag covering the nostrils; adjust the head harness over
the Tiead s Tasten the throat latch.  The drawstring should be tightened
<y that the edge of the bag fits tightly over the upper jaw several inches
ahove the nostrils,

ahd

Horse masks are primarily for protection of draft animals required
for work through gas-contaminated areas. The mask greatly impedes the
flow of air to the horse’s lungs. As horses doing heavy work or running
require a large volume of air, they should be given frequent rests while
at work wearing masks and should not be required to run.

Tue Do Masx

The dog mask is somewhat similar to the horse mask, except that it
covers both jaws as well as the nostrils, since a dog breathes througl
hoth nose and mouth.  As dogs are not used in the Ameriean Army, dog
masks are not authorized,

THE PiceoN Mask

Impregnated flannelette bags are provided for gas protection of [MEgEOns
used in war. The dimensions of the bag are 15 by 15 Ly 24 in. and it i
designed to fit over the pigeon cage, the open end being drawn together
tightly at the top by means of a drawstring.  When for any reason Plgeon s
cannot be protected they should be released at vnee.

Uske o¥ THE Gas Mask

Lias mask= are now made in but one {universal) size which has been
specially designed to fit any type of face. The facepiece 15 made hig
rnough to fit the largest face, on the principle of a flexible conical Cap.
It can be adjusted to fit smaller faces by entering the face further into the
mask. The universal facepiece has been extensively tested and has been
found to fit all sizes and types of faces to date. If subsequent experience
should show that certain unusually variant tvpes of faces, especially very
small-sized faces, eannot be fitted with the universal facepiece, an addi-
tional small-size mask will also he supplied for such cases.

The World War type of maxk with its uncomfortable nose chp and
mouthpicee had a double line of protection.  Proper fit of the facepiece
was henee not vital a= it i= with the present mask., A< the intesrity of the
present mask depends upon proper fitting, its importance cannot he too
strangly emphasized.

There are two tests for lexsting the fit of a mask.

The suction ted gives a good indication of the fit of the musk and
hould invariably be applied during the fitting procedure,
three steps as follows:

1. Adjust the mask to the face,
2. Exhale fully.
3. Pinch the corrugated tube tightly and inhale.

The facepiece should now collapse tending to cling to the face and the
wrarer should be unable to breathe.  If the vacuum thus formed inside
554
the {acepiece breaks and air is felt to stream into the mask the fit i=

rdefective.

The only conclusive test of the fit of a gas mask is to test it in a gas
atmosphere. This test is best carried out in a gas chamber.

The gas chamber is any room or other enclosed space in which a gas
concentration may be set up and maintained Ly introducing a chemical
agent readily detected at low concentrations (lacrimators are most

It consisi= of
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frequently used). After fitting with masks and testing them by the

(1) (2] L id) _

Fig. 122.—To sling the mogk. (1} Position at the comand ™ Sling. (2% Possmiing lh::
shoalder sling Jwhitil the head and over the right shoulder ot the eommand ** Maosk.
{3} Fastening rhe hook jind elasp together,
<tietion test deseribed above, the masked men are marehed into the gas
chamber in =tnall groups of from e 1o twenly mud vemain i the gas
coneentration for a few minntes. I the facepicee does not fit coreectly,
or is adjusted improperly, warning is given in the gas chamber without
any more serious effeet than o momentary irmtation

Gas-yask Dwien (17)

Preliminary drill is condueted by the numbers” in order to di""«.’l‘!lf:l]]
proficiency in pruper adjustment of the mask.  Proficieney in l_'hi.:-c drill
ix then followed Ly practice without the munbers to insure az quick an
adjustment as possible, and also to give practice in holding the breath.
Az a rule, careful adjustment is more esqential than great speed.

555

Mask Drill. (1) To Sling the Mask—1. Sling, 2. MASK. At the
command ““Sling,"” grasp with the left hand the metal hook, which is near
the flap of the carrier, above the twosnap fasteners, at the same time grasp-
mg with the right hand the metal clasp at the extremity of the shoulder
shing. Hold the carrier waist high in front of the body with side contain-
ing snap fasteners next to the body (Fig.
122-1). At the command "“Mask,” extend
the left arm sideways to full length. At the
<ame time pass the shoulder sling hehind the
head and over the right shoulder with the
right hand (Fig. 122-2); then bLring the two
liands together across the chest and fasten the
hook and clasp together (Fig. 122-3). Adjust
the carrier snugly under the left arn pit.
Pass the waist strap around the waist and

Fro. 123.—Muask in slung
position. (The pack s put on
after the mask is slong.  Thae
leit front mtrap of pack 1=
ampevl o eariridee belt over
the gus miask. )
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fasten together in front (Fig. 123).

(2) To Adjust the Mask. a. Dismounted —
The headpiece adjusted with strap under the
chin. 1. By the numbers, 2. GAS. Btop
hreathing, Place rifle (if unshing) between
knees 50 that butt is off the ground: with left
hand open Hap of earrier; place fingers of left
hand on chin above the ehin strap; with the
nght hand knock off headpiece from behind
(the headpiece being caught on the left arm
hy the chin strap) and continue the downward
movement of the right hand until the latter
is on & level with the opening of the carrier.
Thrust the right hand into the earrier, grasp-
ing facepiece between the thumb and fingers
st above the angle tube.  Grasp the flap of
the ecarrier with the left hand (Fig. 124-1).

TWO. Bring facepiece smartly out of earrier to Lieight of chin, hiold-
ing it firmly in both hands with the fingers of cuch extended and joined
outside of the facepicee, the thumbs inside, midway between the two
lwwer straps of the head harness. Thrust out the ehin (Fig. 124-2),

THREL. Bring the facepiece toward the {ace, digging the ehin into
. With the same motion guide straps of the harpess over the head
with the thumbs (Fig 124-3).

FOUR., Fueel around the cdge to muake sure the facepiece is woll
seated (Fig. 124-4).  See that head harness is correctly adjusted.
FIVE. Close outlet valve by pinching hetween thumb and fingers of

seht hiand to prevent passage of air through it and blow vigorously into
a5

{1} (2}

{3) {4} (5}
Fio. I'H-—-Td:.:» ndjust the facepiece by the numbers. (1) Position ot the command
GAS. (1) Position ot the command TWO., ({3 Position at the rommand THREE.
{4} Position at the command FOUR. (5) Position at the command FIVE.
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IO
the mask, completely emptying the lungs, thus clearing the farepices of
gas (Fig. 124-5).

SIX. Replace headpiece, adjusting the chin strap to the hack of the
head. Pass the flap of the carrier around the hose and fasten on the
outer snap fastener. Take the position of
“Trail arms” (Fig. 125).

b. Mounied.—1. By the numbers, 2. GAS.
Stop breathing. Drop the reinsg behind the
pommel of the saddle, Continue as preseribwed
for the dismounted drill,. Having fastened the
Aap of the carrier around the hose as preseribed,
take the reins.

Fro. 125.—The maek ad-
justed to the face. {(During
the drill no oquipment should
touch the ground, whirh might
te rontaminoted by a liguid
HTd T

Fra. 126.—Tosition in testing for gns.
(Knee or equipment should not touch
the gruunid.)

(3) To Test for Gas.—Mask being adjusted, the command i=: TEST
FOR GAS. Dismnount if mounted, Take a moderately full breath.
Hoop down g0 as 1o bring the {ace close to the ground hut do not kneel,
care being taken that the rifle does not toyeh the ground, Inscert two
fingers of right band under facepiece at right cheek,  Pull the facepiecy
slightly away from right cheek and sniff gently (Fig. 126).  If gus is
smelled, readjust the facepicee and resume the ereet position.  Close
outlet valve by pinching between thumb and fingers of right hand and
blow out hard, thus clearing the facepiece of gas.  Release hiold on ot le
valve,

i4) To Remove the Mosk—1, Hemove, 20 MASK.D At the conunand
“Tlemove,"” drop the reins behind the pommel of the saddle if mounted ;if

558
dismounted place rifle, if unslung, between knees so that the butt i= off
the ground; hend forward smartly and insert the left thumb under the
pad of the heard harness; grasp the headpiece with right hand (Fig, 127-1).

(1) )

Fri. 127.—To remove the mask, (1) Position at the command * Hemnyve, '

(2 Progirphn
al the rommund Mok,
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At the command *‘ Mask,” lift the headpiece with right hand sufficiently
lo remove hesd harness, which is earried over the head with a forward
cirealar motion of the left hand streteling the elastic fabrie only enougl
to allow the head harness to pass over the hend. The mask is retained
iy the thuinb and forefinger of the left hand and Leld in front of the body
At the same time replace headpieee with right hand (Fig. 127-2). .

0} To Replace the Mask.—1, Replace, 2. MASIK. At the command
“Replace,” grasp the facepieee in right hand, palm np, and hold with
~dges of facepiece turned upward, the fingers under the loft evepieve and
thumb under the right eyepicee.  With the leff hand, plaee head-harnesws
pad inside the facepicee just above the eyvepicees.  With left hand, open
Hap of carrier (Fig. 128). At the command “Aa=k,” feed and slide the
vurragated tube into the bottom of the carrier with the left hand until
the angle tube has passed the carrier entrance, then, with the right hand,
turn the edges of the facepicce toward the back of the earrier and push
the facepieee into the upper empty part of the earrier about the hose.
With both hands, lasten the flap of the carrier on hoth snap fasteners,

nht
rire top of the flap on the inner or rear snap fastener.  Ifmounted, take the
reins.  If dismounted, take position of “Train arms."

(6) To Unsling the Mask.—1. Unsling, 2. MASK., At the command
" Mask,” unfasten the body straps with both hands and then the shoulder
strap with both hands. The mask is retained in the left hand by grasping
the metal hook of the earrier just above the flap,

(7) To Prepare for Mask Inspection.—The mask being in the sluug
position, the command is: PREPARE FOR MASK INSPECTION.

Fic. 128.—To replace the mask. Position Fia.

120.—To prepare the mask for
at the rommand " Heplace,™

inspection. Position at the commuml
" Prepare for mask inspection."

Place rifle (if unslung) between knees so that bhutt is off the graund,
Unsling mask. Open flap of carrier and tuke out complete mask,
ineluding e¢anister.  Hold carrier in left band and canister, with fracopiees
hanging downward, in nght hand (Fig. 129),

(B} Mask Inspeetion by the N umbers,—Being prepared for mask inspee-
fon: 1. By the numbers, 2, Inspeet, 3. MASK.  Free rizht hand v
hiolding canister in left arm pit, the hose und facepicee hanging over upper
left arm (Fig. 130-1).  Examine the sling and the exterior and interior of
the carrier in turn to insure that there are no defective or missing parts=:
that all parts are sceurely fastened in place; that the body of the carrier
contains an antidim tube and is free from holes, tears, and rips.

TWO. Fasten the hook and clasp of the shoulder sling together.
Ship the left urmi through the sling and allow the varriet to hang (ron
aver the lelt shoulder, at the sune time removing the musk therefrom by

S0
grasping the canister with the right hand (Fig. 130-2), Examine the
canister for rust spots and weak places by pressing lightly with the fingers,
beginning at the bottom and working toward the top; see that its contents
do not rattle on shaking; see that rain shield is not locse and that the
inlet valves are present,

THREE. Adjust the mask to the face. Then pinch together the
walls of the hose just above the canister nozzle and inhale (Fig. 130-3).
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Fic, lii[l.—Ell'ij[:wk inspection by the l\1|n:ll1':|.::rn. {17 Position nt the i:!}:um:qmi MASHK.
(2) Inapecting the cunister nt the command TWO, (3 Testing Tor Jenks ut the eommoinnd
THREE.,
IT air can be drawn 1, a leak 1= present, and its approximate location
may by determined as follows: Pineh the walls of the hose togethor at the
ungle tube, 1f a leak 18 no longer detected on inspiration, the leak isin
the hose; otherwise it is elsewlere.  This inspection is net conchisive as
to the absence of a leak in the hose, and such o leak will be determined
by the minute inspection indicated below. If the leak ia found not te be
in the hose, then pinch together the outlet valve at the angle tube and
also the hose. If the leak is no longer detected on inspiration, the leak
i# in the outlet valve below where it was pinched; otherwise it must be
ahove this point or in the facepiece. Having determined the approximate
location of the leak, or its absenee, next examine the hose for obvious

a6 1

lears, punctures, or other defects. See that it i1s properly connected to
the canister nozzle and to the angle tube and that the adhesive tape over
the binding wires is present and in good condition.

FOUR. Examine the outlet valve for tears and pinholes by distending
the rubber between the fingers (Fig. 130-4). Look espeeially for pinholes,

4 (5 {a)

Fra. 130.—Alask inspection by the numbers (Condinuads. (4} Inapecting the nutlet
vitslve and guard at the rommond FOUR. (3 Inspecting the facepiece at the command
FIVE. {8 Inspecting the hesd harness at the command 81X,

st below where the outlet valve is5 joined to angle tube, and for tears
around valve opruing.  See that valve has no dirt or saimd in it and that
it is properly connected to the angle tube.  See that the binding wire 1=
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properly taped. See that ouilet-valve guard is not loose,

FIVIL  Examine outside of facepiece for tears or other damage to
stockinetie.  See that angle tube is properly connected to facepices, with
rubber band surrounding the binding,  See that the fabrie has not torn
or pulled loose around the evepicee frames.  Examine the ehin seam and
~c¢ that 1t is in good condition and properly taped inside and outside.
Examine the inside of the facepicee for pinholes (Fig. 130-5).  See that the
detleetor is in good eondition, properly eonnected to the angle tube, and
property cemented to the sides of the facepiece,  Test the entire facepicer
Fabirie For =oltnes=s aid plialility.

abh2 ]

S1X,  Examine the head harness (Fig. 130-6). Make sure that it is
complete, that all its parts are properly attached, and that they are in
a serviecuhble condition,

SEVEN, Al men with defective masks step forward one pace.
Ot hwrs replaee mask in the carrier, taking eare to replace canister and
Feepieer in proper position (Fig. 131).

(C'ARE OF THE MAask

The importance of care of the mask, guarding it especially agains
morsture and rongh handling, should be impressed upon troops.  They
shiould be made to understand the causes of
detertorntion of gas masks and realize that a
defeetive mask afords no protection.

Excessive and prolonged wmoisiure causes
renieral  deterioration of a gas mask finally
rendering it useless  altogether.  Aloisture m
the canister materially reduces the adsorptive
power of charcoal and i= likely to result in
eaking with the opening up of large air passages
through which the gaz will freely flow owing tn
lack of sufficient eontaet with the absorbents,

Moisture causes rotting of the storkinette
and deterioration of the rubber itself. The
corrugated tube, flutter valve, and head harness
are likewise affected.  When the lacepiece of a
maszk Dbecomes wet and the mask 1 put away
without careful drving the rubber tends to
erease or take a permanent set so that it will no
longer fit elosely to the face.  Other effects of
moisture are deterioration of the adhesive tape,
rusting  of  binder wires, amd separation and
mildew of the evepiere.

If & mask Las been used in the rain or has
otherwise bhecome wet, it =hould e slowly dried
s owarm roomn. In pe caxe should 1t be placed on a stove or near
noRre as the ruliber wall e damaged.

Rublwr parts of the mnsk gradually deleriorate with age though the
= of antioxidents in the manufaeture of rubber tends to prolong itx
e, W exposed to sunlight or heat the deterioration is greatly aceeler-
uted, Uil s also a cause of deterioration and oil from the hands and
lace are likely to aceumulate on masks in service use.

Ma=k= 7n storage should be kept in a cool drv place away from contact
with «unhight, oilz, eorrozive hiquids, or solvents. Packing in airtight

263
containers so as to leave a minimum amount of dead air space will retard
oxidation. For long storage, masks should be kept in a neutral atmos-
phere.  The method of storage of masks for war reserve is to pack racl
mask in a separate airtight metal container from which all air is removed
and replaced by nitrogen.

When canisters are stored separately a cork should be placed in the
nuzzle of each canister and they should be placed in watertight Luxes.
Camsters so gtored have shown no deterioration after eight year~. It
i= probable that they ean be preserved in this manner indefinitely.

Canisters of masks used in tratning deferivrate slowly, principally
vwing to absorption of carbon dioxide from the air.  Tests, however, have
shown that even after several }".EH.!"-'& use many camisters are still in good
condition.  As a rule, in training use, other parts of the mask bhevome
un=crviceable long before the canister begins to break down.  The fare-

141 .-
eate=der o the rurrer.

Fiu. Hepdnemmg the
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peces of masks which are frequently used, if properly cared for, last
longer than those left in organization supply rooms, A training mask
~hould give about five years’ service.

It is probable that the average life of the gas mask n field service
will be about six months. This is little more than a guess as it is impossi-
ble to say what concentrations masks may be exposcd to in future war,
and for how long a time. Frequent inspections should be made and new
canisters obtained as required. The World War practice of attempting
tu have each soldier keep a record of exposures so as to determine the
remaining service life of the canister is no longer considered practicable.
Assuming new canisters arce avuailable there is no cause for apprehension
in this respect sinee, when a canister begins to fail, gases penetrate it at
first in most minute amd harmless quantity. Their odor, however, ean
be detected thus giving warning that a new eanister should be ubtained.

From time to thne, masks reported delective have been tested at
Fodgewood Arsenal with the result that in no case was a defective canister
found among them.  Failure of these masks to protect could T traeed
tu ane or several of the following couses: (1) poor fit of [aceepieee, (2)
iproper adjustment of facepiece, (3) leakage of valve or other faeepiee.
defects,  All such defects should have been deteeted in inspection.

The life of the facepicee of the mask will be prolonged if folewm proraier
15 sprinkled frequently over the exposed rubbier surfaces.  The taleum
tends to retard oxidation. Care shonld be exercised 1o prevent the
powder from getting into the corrugated tube or the Hutter valve,

There are two types of repair kits, the Mark II and Mark 11, “The
Mark II kit is a small cardboard comtaining s tube of rubiber cemient
and a roll of adhesive tape. It i= designed for compahy use and i for
minor repairs only. The Mark 111 kit eontains materials, =par parts,
and tools lor all repairs which may be made outside the factory,  The

alid
kit is packed in a wooden box 23 by 1014 by 71 in. and weighs 32 1b. It
is designed for issue to regiments.

A gas maosk not used exclusively by one person should be disinfected
immediately after use. The disinfection may be carried out as follows:

Material required: Two per cent solution of cresol or eresol liguor
compound; several small rags,

To insure that no moisture will get into the canister during the dis-
infeetion, it should be elevated above the facepiece Ly placing the carrier
coltaining the canister on a table or shelf with the facepiecr hanging down.
After disinfection, the facepiece should be left hanging until thuroughly
dry before it is replaced in the earrier.

Saturute a rag with the disinfectant and sponge the entire inner sur-
face of the Tacvepieee, including the outer and inner side of the defleetor.
Apply disinfeetant similarly to the outside of the flutter valve,

Pour about a teaspoonful of the disinfeetant into the exit passage of
the angle tube. Press the sides of the flutter valve with the thumb and
hnger <o as to let the disinfectant run out. Do not shake off the excess,

Allow all disinfected parts to remain moist for about 15 minutes and
then wipe out the inside of facepiece with a dry rag.  The mask should
ury thoroughly in the air before it is replaced in the earrier.

Kules for the care of the masks in the hands of troups may he briefiy
Auminarized a= follows;

1. Keep mask dry,

2. 1f exposed to moisture dry mask carefully before replacing in earrier.

3. After using, sponge out inside of farepieve with eold water to remove raliva, dry
thoroughly, and sprinkle with taleum powder,

4. Carry nothing in earrier hut the mask and antidim cotnpound.

5 Do not throw mask about,

0. When not in use see thot mask is guarded against a blow or lienvy weight.

7. Always replace wask properly in earrier to avoid kinking ur cressnge of corr-
aled tube or facepiees,

8. Inspiect thoroughly ot frequent regular intervals,

9. Repair damages to mask imediaiely,

INDIVIDUAL PROTECTION OTHER THAN MASKS
Puuorescerive CLoTHING

The gas mask protects only the respiratory organs, the eves, and
luce.  For protection of the body generally against the blixtering action
of vesicant agents which either in liquid or vapor form will readily pene-
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trate ordinary eloth, special protective elothing is required.

Proteetive elothing 18 made of the vo called Wneeed ol eloth, or cotton
fubrie treated with vegetable drying oils,  The garment is a coverall with
plastics at the ankles and wrists to ms=ure tight fit at these places and a
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zipper or other similar fastening in front. A hood is provided 1o be
drawn nver the head and fit tightly abont the gas mask. Proteetive
gloves and shoes complete the equipment (see Fig, 132),

Protective clothing is for protertion against vesicants which may
come in eontaet with the body. In the ficld it i1z suitable for decon-
tamination work and for men detailed to clear passages through contam-
mmated arcas. It is also useful for men working in mus~tard-shell filling
plants, ete. Onece splashed with the liguid

T T IE  EY N
agent this clothing is very difficult to elean Eri'w :‘Ijll | H[# Iiﬁ!-
and generally must be discarded. Great care 2 /7% hei et -'Ifl'f
must be exercised in removing contaminated | ' ; :._}I-ii
clothing to avoid touching the liquid agent. .. . : 'I-:}
The wearer should be assisted by another Hi

|

_|""|'|.:l

man wearing both gas mas<k and protective
gloves, Discarded contaminated clothing
should be buricd in a pit and covered with
rhioride of lime and earth.

Proteetive clothing which is impervious
to vesicant agents, such as mustard gas n
rither liguid or vapor form, is also impervious
It becomes very uncomfortable after
<hort periods of wear since it wterfere= with
the normal respiration of the body through
the pores of the skin, It, therefore, can only
he worn for a brief period at a time without
injury to health. This period will vary from
15 to 30 minutes, depruding wpon the temper-
aitare I].]HI. Thl" ot Iﬂl l.":'{'l"l'l"ll.'“".

f o ﬂir-

PHOTECTIVE SALVE

The wlea of covering the hody with =ome
Kind of salve or ointment which would protect
it from vesieants was considered and tried Fie
during the World War. A salve called sag
paste was developed and iszued for this purpoesc,
as it ab=orbed mustard gas without deeompoxing it.  Thus mstard soon
penetrated the salve and eame in contaet with the body. At the present
lime, little prospect is entertained for protection against vesicants by
1he use of body salves or omtments,

impermon ble,

II Was N 8 SereEs

[pENTIFICATION OF GASES

Through Sense of Smell.— Development of ability to recognize the
Wifferemt ehemieal agents by their charmeteristic odors forms au inportant
§lill
purt of training in individual protection.
are covered in Chaps. V to X on chemical agents.
in Table I\" and hence need not be repeated here.

Throngh the odor, it is frequently possible to tell whether a gas ix of
tlie persistent or nonpersistent type, whether vesicant or nonvesicant.
Ouick pereeption of such facts is of paramount importance in the case of
men detailed as gas sentries and on gas reconnaissance work. It ix,
bowever, important that each individual soldier be able to determine
apeh faets himself,  In war, many cases will arise in which an individual
will have to rely upon his own knowledge. He should be able to di~-
tinguish gas from the odor of powder fumes; to know whether he should
ot <hmild not wear a gas mask; to know whether the substance bhe smells
i< injurious or innoeuous.  Such knowledge is essential for the intelligent
application of first-aid measures and for the elimination of fear and panic
which arise from ignorance.

Chemical Detectors.—It is recognized that some men have a much
more highly developed sense of smell than others and are hence able to
detect gas in low concentrations that others fail to perceive at all. To
climinate the human equation in detection of the presence of gas, consider-

Characteristic odors of gasex
They are also given

ablp effort has been made, both during the World War and since, to devise
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=ome sort of chemiecal detector. Such devices as have been produced,
hownver, have not proved =atisfactory. They have either been too com-
plicated for use in the field by men with no technical training or else not
siufficiently selective. The International Red Cross Society at Geneva
hax offered a reward of §25,000 to anyone who can produce a satisfactory
war-gas detector, but so far no one has been able to claim the reward.
367
CHAPTER XX

COLLECTIVE PROTECTION

GENERAL CONSIDERATIONS

A\leasures of protection against chemical agents which apply generally
to A group of persons, as distingnished from thoze measures which pertain
sulely to an individual, are classed under the heading of Collective Protee-
tion, (38) and comprize the following:

1. Provision and use of gasproof shelters where personnel may work, sleep, rest.
andd ent their meals in 8 gas-free atmospliere during gas ntraeks.

2, Hemoval of gas from enclosed spaces.

3, Decontamination of ground, buldings, clothing, wod coguipment,

4. Protection of weapons amd smmunition,

5. Precautions with reference to food snd waler,

ti. Provision of a protective organizatinn to =upply wnd wsue protecrive equip-
iment, to give waming of gas attacks, and to supervize rraming of personnel and the
conguet of protective measures.

It will be noted that the measures listed above are generally of a
passive nature. In addition to these there remain certain protective
aetivities of a tactical nature which are invelved in the handling of troops
in combat operations. While these are sometimex included under Col-
leetive Proteetion, they pertain primarily to the combat elements rather
than to the military foree as a whole. Such measures are therefore
considered separately in this text under the beading of Tactieal Protection.

Colleetive Protection applies to all personnel in the Theater of Operu-
tions whether combatant or noncombatant.  Group protective imeasnres,
however, should be regarded as merely supplemental to individual pro-
tortion,  The fundamental basis of all gas protection is still the udividual
mu=k and protective clothing.

[u the combat zone, group protection by the use of gasprouof shelters
cun bo provided, at best, for a limited number at a time.  Buch shelters
will afford means of earrying on certain activities during gus attucks
which eannot be earried out by personnel wearing masks, They will
affords places of temporary reliel from gas where troops may be sent to
eut their meals and rest. In rear areas, more extensive gas-protective
arrangements will be possible; probably entire buildings, such s offices
and storchouses, may be rendered gastight and habitable without neces-
ity for the occupants to wear masks. The gas mask, however, must

i)
always be close at hand for emergencies and for going to and {from the
sheltered enclosure,

GASPROOF SHELTERS

In war, especially in stabilized situations, large areas may be aub-
jected to harassing or lethal concentrations of gas for long periods, pos-
sibly fur several days at a time. Under such conditions, provision must
hwe made for troops to eat, rest, and sleep without wearitg gas masks,
Places where work can be carried on without the encumbrance of the
mask are also necessary, or at least most desirable, for headquarters, medi-
cal dressing stations, telephone and signal stations, observation posts, ete,
In rear arcas subject to shelling and bombing, offices and sleeping quarters
for Lines of Communication personnel must likewise be made habitable
under gas-attack conditions, The answer to these requirements s the
gusproof shelter. Such a shelter is any enclosed space, dugout, part of a
trench, a tent, building or room which is rendered gastight. It may he
n simple nonventilated enclosure designed for only limited use or 1t may
Iy un elaborate installation with a ventilating system enabling it to be
vevupied indefinitely,

Nonventilated shellers are for limited use only in the protection of
personnel.  Frequently they may be all that it is practicable to provide
for front-line troops except in stabilized situations. Buch shelters are
merely enclosed spaces rendered as gastight as conditions and facilities
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pernuit.

The primary prineiple involved in the location or construction of
nonventilated shelter is the elunination of drafts. Insofar as practicable,
“tich shelters should be proteeted from the wind, thus the lee side of a hill
= preferable to the top or the windward side,  Such shelters should always
e provided with aiv-lock doorways, as deseribed below.

hirnenventilated shelters no fires can be allowed, sinee fires quickly
consume the oxygen of the enclosed air and cause air from the outside 1o
be drawn in through erncks and ereviees and even throngh ordinary walls,
Chinmeys and all openings should be plugged up to render them as air-
fight us possible.  The shelter should be loeated as high up ax practicable,
considecing also other safety requirements,  In the field, rivines, valleys,
and wooded patehes, where the coneentration and persisteney of gas are
likely to be greatest, should be avoided. In buildings, the upper Roors
will be safer as regards gas coneentration than the lower Avor and ecellar.

The air-lock doorway is an enclosed passageway with a door at each
end, the passage being deep enough so that o man on entering or leaving
cannot handle both doors at onee,  For medical dressing stations the pas-
<age mnst be sufficiently deep to arcommodate two men Ccarrying 4
strefehier. The doors hang on slanting frames and consist of weighted
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blankets which are raised up from the bottom to enter, the weights causing
them to fall shut when released (see Fig. 133). The outside blanket ix
ulways lifted against the wind, as otherwise a gust of air will be blown intu
the passageway and raise the inner door admitting gas to the shelter.
A box of chloride of lime (bleach) is kept in the passageway and ix
wprinkled over the fluor of the pussage.  In cuse men entering the shelter
have mustard gas on their shoes, they shounld shuffle their feet in the
bleach,  This will tend to neutralize the mustard and prevent a concen-
lratton of mustard vapor being built up in the enclosure. Otherwise a
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dangerous coneentration may develop, aud =a gradually that its odor MY
not be detected by those inside.  When practicable, shelters may he
provided with anterocoms where men ean remove contaminated elothme
anel equipment hefore entering the immost enelosure. _

Nonventilated shelters are for limited use only in the protection of
persontiel. They may frequently be all that it is practicable to provide
fur front-ine troops exeept in stabilized situations. Such shelters arc
merely enelosed spaces rendered as gastight as conditions and faecilitios
permit,  They should at least be provided with air-lock doors.

A= there is no fresh air entering such a shelter, when occupied by per-
somnel, the atmosphere inside will gradually become fouled owing to
replacement of the oxygen by carbon dioxide given off in exhalation.
Thus the length of time that such a shelter may be used depends upon the
amount of air it confains, or its cubic capucity, and the number of per-
sons occupying it.  In making use of sueh spaces, it should be understoad
that the minimum amount of air required for ¢ man is 1 eu. fi. por minte,
Persons inside the chamber should remain quiet and not move about
hecause murcular activity increases the eonsumption of oxvgen, thus
shortening the time which the place may be used with safety.

In the World War, many shelters of thiz type actually proved ta he
gux fraps, This ean be attributed to several enuses. They were fre-
quently dugonts leading from trenches into whiel gas tended to flow and
vemain in gh coneentration.  Doorways were often poorly made ane
improperly uged,  Again, men were coustantly entering and lesving these
places each bringing in a certain amount of gas on his elothing or shoes <o
that gradually a dangerous concentration was built up inside. Thi=
was partienlarly true as regards mustard gas.

Nonventilated shelters are suvituble for storage of food supplies,
munitions, and equipment, They should he opened and ventilated 2~
toon as the outside air is free of gas.

A ventilated sheller is one provided with apparatus for drawing in frosh
air from the outside and filtering out the gas or irritant smoke in the same
manner as a gas-mask canister, Such a filtration deviee is called 8 ol-
eetive profector.  For permanent installations, a ealleetive prot et or
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should consist of a large canister containing both chemica! and mechanical
filters, the air being drawn through the canister by a suction fan driven
hy an elertric motor,

For use in the field, & collective protector should be portable on motor
transportation and should be furnished in at least two sizes—one purify-
ing sufficient air for small gasproof shelters in the forward part of the
combat area, and one purifying sufficient air for larger shelters in the rear
arcas of the combat zone,

Coast-artillery plotting rooms, ete., can be rendered gasproof in this
manner, though additional provisions are required in the way of blast-
proof doors and windows.

In all such shelters, the fact that the concentration of gas is invariably
preater near the ground level should be remembered and, consequently,
the air intake should be as high as it may be practicable to place it.

It is unnecessary to provide any special means of air outlet. It is
necessary that a slightly higher air pressure be developed inside the shel-
ter than outside. This will insure against seepage of gas through walls
and erevices.  As fresh air is drawn in through the filter and a positive
pressure set up in the shelter, some air will be forced out through the walls
and creviees so that there will be a gradioal change of air in the enclosure.

Gas shelters in the forward part of the combat area will generally be
hombproofed. In rear areaz, when located near installations that are
likely targets for air attack, bombproof shelters also probably will he
required. Gas masks, of course, must be kept immediately at hand at all

times.
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CHAPTLER XXIV
THE EFFECTIVENESS OF CHEMICAL WARFARE

Muny fnetors enter into an eviduation of the relative effectiveness of
war weapuns, Chiel ginong these are: (1) the belligerent’s philosoplhy
of battle; (2) the tactical objoctives sanght, 7 e | ensunltios, destruetion
of material, the oecupation of important strategic positions, denial to
the enemy of the use of vital land or water areas, ete.: (3) the military
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pffort reguired to weliieve the objeetives sought; (4) the degree of prepara-
tion ancd tratning of the eneimny’s armvsd forees; and (5), last but not least,
the morale and determination of the civil population,  The strategical
and tactical comployment of chemicals i war and their offcet upon the
eniiemy s armed forees nnd civilian population has been diseussed in pre-
eoding chapters. Tt s the purpose of this ehapter to touch briefly on
the other faetors Just mentioned, to disenss ot some length the casualty
value of vliemieals i war, amd to draw some eomparisons between the
restilts produeed by the principad military agents used in the World War.

PHILOSOPHY OF BATTLE

Price to the org of modern ties, there do not seem to have heen any
geierally recoguized limits to the seape and charmeter of warfare,  On the
contrary, owar, wight made vight, and those means which most expedi-
tiously and wtledy sombilated an enciny were preferred, Few il any
checks or limitations appear to havo been placed upon the powers of the
commanders of armies in the field.

The first eode of warfare which sought to define the limits within
which armed conflict between eivilized nations should be confined were
the rides and instructions for the governance of the Union armies in the
American Civil War (1861-1565). These were promulgated in the
relebrated General Order 100 of the U.8. War Department in 1863, and
eventually became the basis of what is now known as the Rules of Land
Warfare. These “rules” are now accepted, at least in prineiple, by all
civilized nations as the hasis for the conduct of war.

There 15, however, still a considerable divergence of viewpoint in the
interpretation of many of the provisions in the Rules of Tand Warfare.
Perhaps the most fundamental of these differences is that concerning
what might be termed the plilosophy of battle. Here, there are two
yuite distinct schools of thought: One holds, in principle, that the ends
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of war justify the means and that there is no limit to the degree of force

which may be employed in order to attain vietory. This philosophy of
battle is typically illustrated in the German doctrine of war set forth in
the German War Book of 1910, as follows:

In the inatter of mwaking an end of the enemy’s forces by violence it is an incon-
testable wnd self-evident rule that the right of klling and aonihiluting, hostile com-
Btants is inherent in the war power, and its organs, and that all means which modemn
wventons affond, inclnding the fullest, inost dangerous, and the most massive means
ol destruction, may be utilized,

The other sehool of thought holds that no greater degree of f{oree
should e employed in war than is necessary to achieve victory in battle
and that rathless destruction of life and property is not warranted in the
conduet of warfare, The United States Government has consistently
held to this seeond viewpoint, and has always sought to wage war within
the limitations thus imposed. As will be shown in this chapter, ng
weapons yet devised measure up to chemieal agents in effectiveness in
waging war in aceordance with this philosophy of battle,

The object of war iz to bring about the complete submission of the
PHPMY 8= soon as possible by means of regelated violence, Mani-
festly, those means and instrumentalities which enable a nation at war to
arhieve Lhis object with the minimum military effort and the least dis-
focation of 1t normal national life are, in general, the most effective.
The choice of such means is not unlimited, however, sinee among modern
civilized states the scope of armed confliet is measured by the recognized
limit= of military necessity.  These limits are stated in the Rules of Land
Warfare as follows:

Military nevessity ndmits of all direct destruetion of life or imb of armed enemies,
atnid of other porsonr whose destruction 2 ineidentally wnaroidablc m the armed
conrests of war; it allowa of the capturing of every armed enemy, and of cvery enemy
ol nmportanee 10 the hoatile government, or of peculiar danger to the eaptor; it allows
af all destrinetion of property, and obstruction of wovs nnd ehannels of traffic, travel,
v emrnuntestion, and of all withholding of sustenanee or means of life from the
eneany ol the approprintion of whatever the enemy'’s country affords that iz necesairy
for the sulsistenee atd safety of the army, and of such deception as does uot involve
the Breaking of goad faith, cither positively pledged, regarding agreements entered
mto during the war, ar suppossd by the wodern Inw of war to exist.

Despite the faet that airplanes, long-range artillery, and other modern
imventions have vastly extended the scope and character of aried con-
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Hiet, =0 thal war is now no longer confined to the Lattle front, but extends
far into the home territory of the enemy which supports the battle front
by (arnishing the means of war in both men and materials, nevertheless,
the hostile army in the field is still the primary objective in military
U)ETaATIONS,

G49
This being the case, it follows that the complete submission of an

enemy will, in the future as in the past, be accomplished in the main by
destroying the combed sirength of his armod forees,
be accomplished in future wars?

In ancient and medieval times, when wars were fought by professional
armies small in comparison with the total population of a state, the
most effective means of conquering an enemy was tlie more or less coni-
plete annihilation of his army. In modern times, however, wars are
fought by enormous armies, raised by universal conscription, and com-
posed of practically the entire able-bodied manhood of the nation.  Also
the vast quantities of munitions required in modern warfare tax the
productive effort of the state as never hefore,

[ the World War, not only were the armies of the various belligerents
the largest ever raised, both in actual numbers and ax percentages of the
entiré belligerent populations, but the effort to maintain these huge
armies strained the economic life of each nation to the breaking point.
Measures which inerease this burden of maintenanee will obviously
contribute far more toward deciding the issues of future wars than the
itrinsic loss of man power from battle deaths.

Based upon the mobilizations of the late war, military authorities
variously estimate that modern war requires from three to six men behind
the lines tn keep one soldier at the front, and the difficultios of maintaining
an army in the field are enormously increased by the tusk of caring for
the sick and wounded,®  Men put out of action by nonfatal hattle wounds
are (for the duration of their noneffective periods) military linhilities,
instead of assets. The strategic value of battle deaths has thus greatly
diminiched, and modern military thought places chief empliaxis upon
nonfatal battle casualties. Those instrumentatilitios which enable an
army to inflict upon the enemy the greatest number of nonfatal buttle
casualties, in proportion to the military effort expended, are arcordingly
regarded as the most effective military agents.

*In the AK.F. in France in 1918, the avernge aunual sirength of the Medieul

Departmuent was 76,608, equal tn one-eighth of our uverage tolnl combat si rength
Franes.

In order to aseertain the relative effectiveness of modern military
agents, we cannot do better than examine and evaluste the eosoaltjos
of the World War.  We will accordingly devote the next few pages to o
Lrief survey and comparnson of the casualtios sustained Ly Loth sides in
the late war.

Huow will this resuli

CASUALTIES

Before examining these casualty records, it might be well to define

what is meant by the expression cosually. The popular idea of & war

Boy

casualty is a person who is either killed in action on the field of battle or
who died from the effects of battle wounds., In a military sense, however,
a casualty i1s any loss of personnel which reduces the effective fighting
strength of a military unit. Military casualties are, therefore, those
losses caused by death, wounds, sickness, capture, desertion, and dis-
charge from the service. Casualties are usually divided into two general
classes—battle casualties and nonbattle casualties, The former are
those losses caused by enemy action in battle, while the latter include sl
other losses, Casualties may also be either permanent or temporary.
Permanent casualties are those who are not returned to the army during
the remainder of the war, while temporary casualties are those who are
put out of action for temporary periods but are subseyuently returned 1o
the army during the war,

Very complete and accurate statistics have been compiled and pul-
lished by the United States and British Governments concerning their
World War casualties and many valuable military lessons Lave heen
learned as a result of the analytical study of these figures,

Unfortunately such excellent data have not been published by the
uther belligerents. Some have released partial stutisties and have stated
that they did not keep such detailed records of their casualtios as to show
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vause of casualty and the result thereof, while others have published no
figures at all and have made no explanation of their silenece on the sithjeet,
The author has made every effort to seeure the most accurate and reliable
figures available, and has cvited his principal authorities in cach cnse,
However, it must be borne in mind that statistics are always somewhat
imperfeet, especially where they have not been compiled from uniferm
viewpoints, as in this case,

Records of battle injuries from the very nature of the case cannot be
complete,  In most cases military casualty statistis are based wpon
hospital admissions and thus include only those men who were treated in
the field hospitals,  This necessarily leaves out of the record a very lurge
wimber of men who were rendered hors de conbat by hattle injuries for
which they received local treatmwent.  While such  men norinally
renined with their units, they were militarily noneffective for consider-
uble- periods of time.  This was particularly true of a large mumbwr of
men who were sufficiently gassed to be put out of action, but who were
not at the time thought to be so seriously injured ax to reguire evacuation
to the field hospitals.

Table IX shows the number of men mobilized by countries during the
World War, together with the total casualties sustained by cach. [t also
shows the number killed or dying from all causes, the wounded, those
tuken prisoner or missing, and the percentages of casualties in the total
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statistics, unless otherwise stated.

Another important point to be noted in connection with Table 1X ix
the fact that the figures in Column 3, showing ‘“killed and died,” include
men who died from nonbattle injuries (including disease), as well ar those
who died from battle injuries. Exact figures are not available from all
the countries shown in Table IX to permit these two classes of deaths to
be separated.  We have, however, the official figures for the United States
and the British Empire and the approximate estimates for the other
belligerents,

Table X shows (by country) the number of battle deaths and non-
battle deaths, the total wounded (ineluding deaths), and the perventages
of battle deaths to the total numbers wounded.

TasLe X.—Barre Deatis 1v WonLp Wan

mobilizations of each country.
651
TaprLe IX —CasvalTies 1Ix THE Wortp War
Total ‘ Killed | Wounded, Prisoners T
o ) otal Per
umhlllzmlj and excluding and casiialtiog | cent
forces i died® deaths | missing |

NAdlprs: |i:
Rousesia . co 15500, 0001, TO0 . 000 4.950.0002.500.0000 9.150.000; 500
Froee, ..., ...! 8.410,000'1,357.800| 4,266,000 537.000 & 160 800 73 3
Hritish Empiret. .. 85,904,467 G98.706! 2.004 .976 352 458 4.066, 140, 34.3
haly ..o | 5,615,000 lS-EDﬂ[I[I! 047.000 600,000} 2.197.000' 39. 1
United Statesy. .. .| 4,137 828 116,902 219,296 4,500 340.098 8.2
dapan. ......... mmnml' 300] 407 3 1.210) 0.2
Roumunia. ... .. .. 7ot 0007 335,706 120,000, 80.000] 535.706{ 71.4
Serbin ..., 707.343°  45.000] 133,148 152.058] 331.10G 4.9
Melgiunm ... . ... T 000, 13,716 44,686 34,650 93.061] 34.5
Greeee. .. ... .. .. :31}.{]{141; 5,000 21,000 1,000 27.0000 11.7
Portugal. ... ... .. 100, 000, 7,222 13.751. 12,318 33.201| 33.3
Montenegro. . . . . m.mri 3.000 m.ﬂml 7,0000 20,000 40.0
Total. . $5.471,6384,933,352(12, 730, 76414 281 986121 046 012 38,2

entral Powers: |
Germany ... ... ... 111.000,0001,773,700] 4.216.0581.152,800 7,142 558 64 4
Austrin-Hungary | 7.800.000 1,200,000 3.520,000 2,200,000 7,020,000 90.0
Turkex.._ ... .. .. 2.850.000 325,000, 400,000, 250,000, 975.000 34 2
Bulgara. ..., .{ 1.200,0000 87,500 152.3’5!]" 27.020 266,919 22 2
Total ... . [22,850,0003,386,200 8,388, 4483, 629,820(15,404,477| 67,4
Grund total. .. ﬁE,EEl.EEEIE.EIGJ!}&E 21,i!B.Eli_?-ﬁll.?ﬂ&ﬂ?,ﬂ&ﬂ.lﬁﬂ 547

* Killed and died includes deuths from afl causes,

T British *"Official Medieal Histors of the War,”™ H, Al Htationery Ofice, London, 19591,

i Figures for 1he United Stures include 80,787 United Stuter Marines, but rxclude United Brates
Novy,  Excluding United Biwtes Morines who served with the Army in Frunes, the United States
vrmy ensunlties were se follows: 1oral mobilized forees. 4.057.101; killed amnd died, 1 I 05: woeunded
ruewalties, 210,308: excluding 13,091 who died of wounds; prisonérs and missi ng. 4423 (representing
rriconers only. all missing coses clenred up; totel emrualtion, 328 818 per cent, B.1).

In order to arrive at the number of injuries inflicted by Weapos
(*“battle injuries"’), the *“prisoners and missing ™ should be omitted, since
vlwiously nothing definite is known as to their condition. In this con-
neetion, however, it should be pointed out the probabilities are that
approximately the same pereentages of “killed " and “wounded ™ would
veenr among the “prisoners and missing,” a< among the forees arcounted
for, xo that, in arriving at the fotal “killed and wounded.” it would he
logical to extend the pereentages of “killed and wounded  to apply also
to the “ prisoners and missing,"”  On the other hand, in comparing casual-
tits caused by various military agents, it is safer to exclude the * prisoners
and missing," from the figures, in order to eliminate all conjecture,
although it would not affect the relative percentages either way. Arrord-
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ingly the “prisoners and missing”” are excluded in the following casualty

Per cent of
7]
Total 'lmtﬂe
. wounded, d'm'ths L
Gaantry Battle Nonbattle et “total
deaths deatlis wounded "'
battle : .
deaths fmelndimg
“hattle
fdeaths ")
Allies:
Russia..... ............ 1,416,700 283 3008 & . 366,700 2.2
Franee... .. . .............. 1.131.500 226 300 5 397 500 21.0
British Empire, .. ., 585,533 llE.ITEi 2,500, oo™ 22.8
Italy.......................] B41.500] 108.500 1.488. 500 36. 4
United States. ..............| 52,842 64080 272,138 | 19.4
Japan. .. b4 ae e gl E&Eli Hlli 1,157 ¢ 21.6
Roumanin ... . ... P 279 750 ElE.Elﬁﬂl 309,756 | 70.0
Rerbin . ... ... | 37, 500 7.500, ITO.648 | 219
Belgivm. ... ... ... ... .. 11.430 2. 286 56.110 | 20.4
Greeee .. ... .. 4,000 1,000 25, 000 6.0
Portugal. . .. ......... li,l]i]l]s 1,332 19,751 . 30. 4
Montenegro, | LE.-EI-I]'I:I'i Eﬂlll'l 12,500 | 0.0
Total .. . ... . 4,009 511 A03.R410 16,800,278 242
{‘enfral Pawgrs: ‘
Germnny, ... cop TLATS 0000 205 T 5odd 058 25.9
Austrin-Hungaey ... LI .‘II}[I{H}; 4,020 000 .6
Tarkev....... .. ... .. 270000 55 .U{HJI G770 . 000 0.3
Bulgaria......_.... FER LT 14,500 226,31 32.4
Total..... ..., ._._..... 2,821 .000) Eﬁﬁ.[lﬂi 11.20% . 448 252
Grand total ... .. . .| 6.800.511 1.420.041' 28.009.723 24.6

6had
From Table X it is noted that the battle deaths were almost five-rixths
nf the total deathr, while less than one-fourth of the total woundel died
While the figures in Tables IX and X show that the total casualtios
in the World War greatly exceeded, both in number and percentage of
forces engaged, the casualties of all previous wars, and the ratio of battle
injuries to nenbaltle injuries was very mueh higher than ever before, the
perventage of deaths due to battle injuries was much lower. The use of

TasLe X1.—Gar Castvaimies v THE WoORLD War

Rutio of gns cas-
Battle ensualties due 1o gnx nelries to 1otal
woutiled
Country : ! Remarks
r Hnelud- | Exelud -
r:::;:f;:' Denths Totuls  jug g
i _ deaths | dearlis
¢ "
Russia ... ... ., 419,340 56,000 | 475.340 7.5 | 8.5 '
Franee. ... ... .. IEE.IIIIJI 8.000 ! 100,000 3.5 4.3 | '
Rritigh Empire, ..., 180.597, 8.109 | 188.706 T.3{ 9.0 '
Dby ... 55.873 4.427 ) e0.000 40 58!
United Btates. ... .1 71,845 1,482 72807 2B . 305
Germany, ..., 191,000 9.000 | 200000 35| 48]
Augtria. ..., ... ceeea ) 070000 30000 100000 22 S .
Others. 8.000 1,000 | 10000 I3.2,| 15 4 :
Total .. ............[1.205,655 91.108 1.206.853' 4.6 | 57
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rhemicals in the World War played a large part in reducing the percentage
of deaths [rom battle injuries.

As gas was not used to any serious extent in the World War, except
on the Western, Eastern, and Austro-Italian Fronts, only the countrnes
which fought on those three fromts sustained any vonsiderable number of
ras easualties. It has heen stated that Roumania and Bulgaria suffered
a large number of gas casualties, but the author has been unable to venly
this report or to ascertain any reliable figures concerning same.  Accord-
mgly, Table X1 shows, for the countries engaged on the Western, Eastern,
and Austro-Italian Fronts only, the number of gas vasnalties, the deaths
rexulting from battle gases. and the pereentage of gas casualties to the

total wounded, both ineluding ol exeluding deaths.

A Compeeative Stady ool World War Cweundties. by € wlunel inow Mojor Geweral, Road) 10
Calebhrimi, 1.5 Government Printing Oifiee, Washington, 1928, (46}

! The Bnsl volume of the Brivish = Oficial Medieal Hintory of the War."" published by His Majesty's
Siationery i{Hhice. London, 1831 which deals with tlhe statistivul aspect of ensunlties, pives (Table U, p.
111} thr approximate tolel gas cascalties sdmitted lo Medical Unite in Frauwee. 1915-1818. an
PED TN cununlties (pomissicns) of which 5 808 were deaths, The figures for the year 1875 hrwi=ver,

o4

il wele Hritiah troops only; the admissiots smd dest s among Dominion troops being vokbown,  Also
siner (he cuasunlties bere reported are bosed opon hospital sdoussions, they do not indude s cassaslties
why died on the battlefield. General Foulkes in hie recent book, " Gus! The S=tory of the Special
Hrgade™ (puge 338}, mives the toral known Britkh deaths from gas as 6 108, to which (he <oy} ™ mast
be added abowt 3,000 that were unrerorded, mostly dead. in April aod May, 149157 Thess uareeordel
casnaliies undoubledly include the Dominien Troope (particulady Caondions) who werv sulsjected (o
the firsl German gas-cloud sttack at Ypres in April, 1915, and who were mot incluwded in the Brtish
afficial fgures quoted sbhove. The aothor has, aeeordinels, arrived ot the toial British gne cusunltie
and denstha, pven in Table X1 above, by adding 30000 casunlfivs, ineluding 2,000 depilis, fa0 Tl British
offinal cxsualty Ggures and to the totsl deiths stoted by Foulkes,

' Gilehrist (406) gives the linlian gns casusltive an 13,300, of whirh 4.627 (34.8 per cent) were destha,
but states thet these fipores are unreliable. From a study of 1the ehrmical attacks on the Italiin Army
and resulting gpas casuslties, it is believed that these Spoares are senipusly in error. The author, safter o
careful estimate of the ehemical-wnrfare gituation on the Itahan Frond, is inelimsd 1o seeept The stated
deathe (4,827) as approximutely correct, but believes the total pumber of Italisn gos cosunltis were
at legmy GOLO00.

U The Medical Department of (e United States Army in the World War,” Vel XY, “ Statisties,”
Furt 2. Table 119, gives thy complete casunlty records of the United States Army during the World
YWwar. The igares. however, do not include the casualtios of (he Tnited States Mo ines serving with the
VEF. The figures, shown in Tubbe 111 sbove, were grrived ai by adding to the olfiviel Melies) Depar-
wient epsiinlt 3 revords of the Army, the carualty Ggores for the Moanne Corps, a4 folluows: isabled ba
gne, 2004 died of gax. 35; killed in action by gpus, 8; total guesed, 2055,

¢ Gilehrist (48) Bves the German gns casualties as 75063, of which only 2280 diml. D, One
Muntarh, (48) guobtis the snme fgures, but, in explonanon of the eelatively amall nomber of German
Enk casusllies, sy

A greul Moy of tlie garn caeualties are to be found smwong those who were eported missing.  In
mgny cases, (e cpsundty Bsts peport as sick only the men who were treated in the Gedd hospitak,. The
Aol less very prent wmber of men whio wers anly shehitly afected by pns amd whs, alihoogh unfic Ty
pervice, were able 10 remipin with thetr wlite, Peosving freatment in The ambulaness, ure Thas befi oot of
the statistics. Bkin dicepses chiised by chemivil substanees are Trequently classifisd in the staristies,
aof a8 gus injuries, bul g skin afections,”

It & alao ooted that Tir. Muantesh slows o KBk ps waliies ﬂ.qrhlq thie Brat Aear o thie wir HEIETR
nlthough the British launched aeverul very effective cloud-gas pttacks against the Germanes i e Full o
1¥13, and the Freovh commenced the use of gos artillery shell npuinst the Gormans io Septembar, 1815
1% . Ruodolph Hunalinn (20) also quotes 1he some Gpures for the German e easuslties, thas: ™ Tlie Ges
msh rasunlties due 1o gas are sadd o hove soumted 1o 7808037 Te forther stuies that 580000 of tleve
rusipllies deviurred between Jan. 1 amd Sept, 300 108 10 hos also beein explanned by ot beer Ger i n
writers that Germon batile ceeunlties who were petained for treptment in regimental and rorps srepe
Teptimm eyl af 30 per oent) sere nod ipehuwded 10 the offirgl casualty sotisties. FEven alter mukiog does
ilnwanves for wll the varipw consdefations mentione] above, the suthor = of e ogiminn that il
publehied figures for the German gas cosualties are far oo low.  Comsidering the geepd eheinden] getlvi-
ties of the Britiah and Freanch Armier and the Cnown effortiveness of 1he British gas rroops attarks, i -
impresible to believe that the German gas eosaobties could have been any Fées (hion sithver Ve Brit sl o
French alone,  After a eareful estimute of the ehemical-wirfare sitoalivn oo the Wistorn Fronut, the
suthor places the German gas cosunlties oi 200,000, of which 0,000 were deaths.

¢ Considerable dithculty was encountered in obtining relinble inflormation concerning the Auwstrisn
ens captslties. A careful study was maide of the Russion and Ttalian gae attocks aEiines the Auntrisse
and the cooclosion was resched that the Austrian gns casupaltics approxmated 100000, sncluding
3008 depths,

VIn ndditino to the principal belligerents listed sbove, there were o number of 1roopm of several
sminller powers, such se Belgivme and Portugal, which opersted on the Western Front and sustained gue
corngalties. The gas casualtics sustained by these troops are estimated collectively ot 10K, ineluding
1,000 dentha,

From Tables IX, X, and XI, we extract the following significant
fAigures. For the countries engaging in chemical warfare (i.e., Russia,
France, British Empire, Italy, United States, Belgium, Portugal,
Germany and Austria-Hungary), the folal wounded (including battle
deaths) were 28,009,723, of which 1,296,853 (4.6 per cent) were due 1u
gus, and 26,712,870 (95.4 per cent) were due to other military agents,  Of
the corresponding total of 21,119,212 nonfatal battle injuries, 1,205,655
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(5.7 per cent) were due to gas, and 19,913,557 (94.3 per cent) were due

to other military agents. For the same countries, the lotal baille deaths
were 6,890,511, of which 91,198 (1.32 per cent) were due to gas, while
6,790,313 (98.68 per cent) were due to other military agents.

Thus, while gas caused 4.6 per cent of all battle injuries and 5.7 per
vent of all nenfafal battle injuries, it caused only 1.32 per cent of all
battle deaths. Gas was, therefore, over four times as effective in securing
nunfatal battle injuries as in causing battle deaths. The military impor-
tance of nonfatal battle injuries, as distinguished from deaths, has already
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heen pointed out, so that we may logically draw the conclusion that gas,
ax u military agent, responds in an outstanding degree to oue of the most
important requirements of modern warfare.

MILITARY EFFORT EXPENDED FOR GAS CASUALTIES

Having determined the battle casualties caused by gas, our next
inquiry logically concerns the military effort expended in seruring these
casualties, as compared to the military effort expended in securing the
sum total of battle casualties.

In conneetion with this inquiry, it should be borne in mind that the
wilitary effort here referred to is only that part of the total combal effort
which wax expended in securing personnel losses (i.e., hattle injuries and
deaths), and does not concern maferial and other tactical losses inflicted
on the enemy, slthough these latter are frequently of great importance
m modern war,

Battle injuries and deaths are inflivted by the so-called eombat arms
of armies. As organized in the World War, the armies of the principal
helligerents eonsisted uf five combat arms in order of relative strength as
fullows: (1) infantry : (2) artillery; (3) combat engineers; (4) air corps; and
(5) cavalry. These combat armsin all ef the principal armies constituted
about two-thirds ¢f all troops in the Theater of Operations, aml the rela-
tive strengths of these arms, in pereentages of the total combat strengths,
sveraged approximately as follows:

Per et

1. lufantey Goeludigg msehie-gan gl tank sy ..o oo oL .U
2. Artillery (ineluding heavy treneh-mortar uones - .o 450
3. Combat Engoeers tinchading elwmbea] vmnsy, L e 510
3. Air Corps ginehading observatwn-balloon w0 L B
5. Cavalry aneluding mechamzed units) e 1o
MisceHancons  (ineluding  headguaners  and  headguariers
TEuer s, ALP. 5, rroin besdopasirters, siaffs, execut P ST s,
antinirernft machine-gun units, and miseelluneous muxilsry
vcombal nnits LY
Total eumbat strength 10d) 0
G656
TasLe XII.—Toxic Gasges UseEp 1x BaTTLE pokixnag THE Woknn Wan®
(Tons)
]
Toinl
Country Arm | 1914 | 1915 | 1816 | 1917 | 1918 | wsed
T[T
|
| o -
Germany ... ..... .......1 A 0.5 | 1.500 &.50015.000:30 {I'H.'I.fﬁﬁ.m.‘rﬁ
C 0 [ T2y 1,250 500 4,5
1
Franee. .. A 0 350! 3. 100 T.I'!l]ﬂilﬁ-,l'r."rl.li 26 000
( 0 0, w00y 1. 200 w3l 2 RS0
i !
Fogland .. . _...............| A 0 0 S 3,300 62000 10,000
C 0 bl 1,2 2,065 2.2600 5 70O
Uiired States. ... ... ... .. A 0 | UI l"lll l.'l.lﬂﬂ} 1,00
C ] o ) i) 1K) 100
T TN N W B ¢ 200 1.500; 2.000 0 3.700
C 0 0 500 1.000 Of 1.5
Angtrid. ... . ...............| A 0 Dl a50| 2,700
C 0 ﬂl 230 320
ltmly .. o 0 l.!I"| !'It':Dl 2. 500
C 0 Ull oD, 300
Total. .. ... ... ... .. ... A 0.5 l.l]ﬁﬂ!li.ﬁﬂﬂiﬁﬂ.ﬂﬂlﬂl.ﬂﬂ]ﬂﬂ.ﬂﬁﬂ h
Total. ... . .. ... .._.. ... C 0 1 ,ﬂ'ﬁ'ﬁl 4 .Uﬁﬁl 0,135 4 .llI!'lﬂi 16,150
i i | .
Grand totalt. ... .. . 0.5 H-.Fi?ﬂ1{1.53533_11351#5.ll"ﬂ!lﬂ-l.'.'llll 5

* In gcddition, smokes and ineendinries constituted sbout 20 ped rent and & per sont, ri'll|u*-r'li't"l-"|'-' L
the toxic-gas expenditures,

A inddentes artillery, incloding treach mortars.

C indicates specinl chemicul (engineer) troops,

t In the Hritish and United Biutes Armies the only trench moriars Siloe e ammumtion sers the
d-in. Stokes mortars, espebiplly designed {or projecting chemieals,  Thewe mortars wers manued by
chemics! troops, In all other armies g pare of the ammuonition Gred by trench mortars Wi gas. nrdl e
trench mortar batteries were generally included under the artillery arm. the gns fired by trench morfar,
{obier than British pod United Btates} b= eredited 1o the artillery,
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As smoke agents and incendiaries were primarily employed for the
protection of personnel and the destruction of enemy material, repec-
tively, and caused only a negligible number of casualties, these two classes
of chemical agents need not be further considered here.

Coming now to the war gases, we find two distinet classes—(1) the
nonfatal lacrimators and irritants, which, while useful for many tactical
purposes, raused no appreciable battle injuries, and (2), the lethal and
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vesicant gases, which caused practically all the gas casualtics. Again
we eliminate the effects of noncasualty gases and consider only results
pruoduced by the casualty gases.

During the World War gases were employed offensively by three
combat arms only, vtz., (1) artillery, (2) chemical troops (included above
as engineers), and (3) infantry. Az the infantry used gas only to a very
limited extent in grenades, and these were nearly all of the lacrimatory
and less irritant types, practically no gas casualties were caused by
infantry action. This then left casualty gas warfare in the hands of the
artillery and chemical troops.

Table XII shows the quantities of toxie gases used in battle by the
#rtillery and chemical troops of the principal belligerents during the war.

From Table XII it will be noted that the artillery (including trench
mortars) put over about 85 per cent, and the chemical troops ahout 15 per
cent, of the gas used in the World War.

No artillery units were exclusively employed in chemical shoots,
but all the light and medium artillery and part of the heavy artillery, on
hoth sides, fired gas shell. The artillery effort devoted to gas warfare
i accordingly measured by the ratio of gas shell fired to the total artillery
ammunition expended during the war. The quantities of gas shell used
were not uniform, even as percentages of the total shell fired, but varied
vonsiderably during the progress of the war. However, as indicated in
Table XII, there was a rapidly expanding increase in the use of gas shell
as the war progressed. 1In order, therefore, to arrive at any estimate ax
to the amounts and percentages of gas shell used, we should consider eac))
vear of the war separately and then strike an average for the whole war
period.

No casualty-producing gas shell were used until near the end of the
first year of the war (June, 1915), when the Germans brought out their
I <hell; the Allies did not commenee firing such shell until January, 1916.
From the beginning of 1916 to the end of the war, the percentage of gas
<hell nsed on both sides steadily increased, both in actnal numbers and as
pereentages of the total artillery-ammunition fired (see Chart XIX, page
G817,

The pereentage of gas shell fired also varied greatly on the different
frouts and even on various parts of the same front. By far the greates
part of all the gas shell uxed in the World War was fired on the Western
Front.  Next in gas artillery aetivity came the Eastern Front and the
Austro-Italian Front= in the order named.  Ax far a~ cnn be anvcertained,
relutively few gas shells were used on other fronts in the late war, 1t =
sid that the Rumanians aind Bulgariuns sustained a considerable num-
her of gas casualties, but neither the means emploved nor the actual
imbers involved could be verified.
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Table XIIT shows that 4.54 per cent of the artillery amumunition used
in the war was gas. This means then that 4.54 per ¢ent of the total
artillery effort was devoted to gas warfare. As the strength of the artil-
lery averaged about 25 per cent of the total combat strength of an army
in the late war, we may say that artillery gas warfare constituted 4.54 per
cent of 25 per cent, or 1.13 per cent of the total combat effort of eacl;
army engaged in gas warfare. To this figure for the artillery we must
add the combat engineer (chemical troops) effort that was alan devoted to
gas warfare,

Table XIV shows the engineer troops that were organized and
rmployed as special ehemical troops during the war.

From Tahle XIV it ix noted that the 23,765 engineers employed s
gas (chemical) troops during the war constituted approximately 2.0 per
cent of the total combat engineers, so we may say that 2.0 per cent of
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Table XIII shows the estimated total artillery ammunition used during
the war by the nations shown in Table XII.

TasLE XIII.—EsTiMATED ToTAL ARTILLERY AMMUNITION EXPENDED DURING THE

Wonrp War
Gas shell Other shell Total
Country
Number | Fo° | Number | P | Number | FeT
cent cent cant

Germany. ......... ﬂ.mﬂ,{ﬂll §.37 -135,@.'[“]]' 83.03 518.000.000 35.4
France.,.. ... .. ..|16.000.000; 4.57 334["]“(1‘!’]’ 85.43 350.000.000 24 05
Fngland. . .........| 4.000,000| 2.2 178,000,000 97.R 182 .000.000 12 51
United States. .. .. | 1.000,000/12. 50 7.000 000 87.50 B.i.'fll'll"l.l‘llll .55
Rusaia.........., ] 3.000,000 4.17 69 . 000,000 95. 83 ?E,ﬂl'l.ﬂllll 4. 95
Austrin,...... 5,000,000 2.85 170,.000.000| 97.14] 175.000.000, 1?7 03
Ttaly........ . 4.000,0000 2.67 | 146.000.000{ 97.33] 150,000,000 10 3
Total... ... .. uﬁﬁ,nn:n-n.m:u:l1 4.54 1.3nn.mn,nuur hs-mll.-m.ﬂm.cml']m.m

* Per vent of total shell fired by 1l the countries namaed.

the combat-engineer effort was devoted to chemical warfare, and that gas
warfare by engineer (chemical) troops constituted 2 per cent of 8 per cent,
or 0.16 per cent of the total combat effort of the armijes. Adding the
artillery effort (1.13 per cent) and engineer (0.16 per cent) together, we
find that 1.29 per cent of the total combat effort of the armies was
expended in gas-warfare operations from which were produced 4.6 per
eent of the total battle injuries and 5.7 per cent of all the nonfatal battle
injuries. We may, therefore, say that, on the basis of the ratio of
cusualtiex to military effort, ges was from four fo five times more effectim
than the average of the military agents used in the war.

These are very remarkable results when we remember that gas warfare
was not introduced until near the end of the first year of the war; it then
went through a period of experimentation for the next two years and was
not developed to a stage eve remotely approaching its possibilities
until almost the last year of the war when mustard gas was introduced in

TasLe XIV.—SpEcial CHEMicAL THOOPE [N THE Worip Wan

Uhernal
units Totnl Totul | Chemieal
Comntry chemical combat | per cent Orgunizution of
Bat- | Com- |strength engincer | of 1-ﬂI:.-:|1hat chemical units
tliona | panies strength |I eHRIneers
Germany . . g 36 | 7,000 | 3200000 2.0 4 Regiments of 2
battaliona of 4
eompanies plua |
additionsl battal-
ion
England ..., ., 5 21 | 7,365 | 106,000 6.9 1 Brigade of 5 bai-
talions of 4 com-
panies and 1 spe-
cial compuny
Fromee. . ... ... .. th I8 | 3,600 1760000 2.0 6 Battalions of 3
companies aach
United Statex. . 2 t* 1.700 85,0000 2.0 1 Regiment of 2 bat-
talions of 3 com-
punies each
Ruussin 7 14 2,800 280,000 1.1 7 Battalions of 2
. companies each
Avatria. . ., .. I 4 SO0 75,0000 1.1 1 Battalion of 4
| J coOnIpaliies
Ttaly, . . ... 1 3 500 150,000 0.3 1 Battalion of 3
" | COILpAN ey '
Total .| 31 | 102 | 23.705 :l.lm.{m' 2.0

* Only two battalions of the I=r Chas Hegitoent arrived in France and took part in the opers Licos on
the Wesitern Front in 1018, In Marek, 1018, the 1mt Gar Regiment wos ineresned Lo six baltalions (ol
thier vomipotits curh) with u totsl strengmh of 3,083 officers wnd men, Eurly in Sepiember, 1918, two
mldivivnal six-bot talicn regiments were aoihorizsed. maki ng s tolal of 13.000 chenvenl troops that wouald
huve buen amplayed by the Americun Army in Franes in 191%. had the wur continoed,

July, 1917, Uunlike H.E. shell which had been § ully developed and were
standard munitions for thirty years before the World War, gas shell had
to be haxtily improvised and developed under stress of war conditions.
Many of the gases used in artillery shell proved unsuitable for such U
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or were not adapted to conditions met on the field of battle,  Thus, out
of a total of more than fifty eliemical substanees loaded into art itlery <hell,
unly fuur ur five proved really effective under battle conditions,
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Each time a new gas was tried out much effort was involved in pre.
puring and firing the shell and in ascertaining their battle effectiveness,
Often the efficiency of such shell was a matter of dispute and their real
value could only be definitely ascertained after a large number of rounds
had been fired. Perhaps the most noteworthy example of this kind was
the French Vincennite shell, filled with & mixture of hydrocyanie acid and
arsenic trichloride. This mixture had a very marked toxicity in the
laboratory and great results were expected to be obtained in the field
frum itx use. The French filled no less than 4,000,000 artillery shell with
this filling, yet the consensus of opinion was that, owing to its extreme
volatility und peculiar physiological reaction, it was not an effective gas
under barttle conditions, and hence only a very small percentage of cas-
ualties were actually obtained from s very large expenditure of thix
animunition,

In addition to inefficient toxic gases, there were also a large number of
shell containing gases of the lacrimatory and irritant types which were
not intended to produce casualties, but to harass the enemy, causing
him to mask or to penetrate the mask and cause its removal in the pres-
ence of toxic gas. Thus, Germany filled 14,000,000 shell with DA, a
<ubztance which, while highly irritant, was virtually not lethal and did
ot produce more than 20,000 casualties all told. When the various non-
casuslty-producing gas shells are substracted from the total, it discloses
a very high casualty power for the remaining suecessful types such as the
phosgene and mustard shells.

This is strikingly illustrated by the following comparison: Considering
the seven countriex which engaged in chemical warfare during the World
War (listed in Table XIII), we find (from Table X) that the total easual-
ties were 28,009,723, of which 1,206,853 were due to gas (Table XI). Of
the 26,712,870 nongas casualties, it is estimated that approximately
one-hall were due to H.E. shell and shrapnel, or a total of 13,356,435
Since the total artillery ammunition (other than gas) expended by these
countries during the war was 1,389,000,000 rounds (Table XIII), i
fullows that approximately one casually was produced by cach 100 rounds
uf nongas artillery ammunition fired,

On the other hand approximately 85 per cent of the 1,206,853 gu~
casualties (1,102,325) were due to artillery gas shell (see Table XI).
These casualties were caused by the loxie-gas shell which were approxi-
mately 75 per cent of the total gas sliell fired, so that we have 1,102,325
caxualties produced by 49,500,000 toxic-gas shell, or an average of one
caosually for each 45 of such shell fired. From this it follows that toxic
gas shell were more than twice as effective as nongas (H.E.) shell {
producing battle casualties. I
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RELATIVE CASUALTY VALUE OF GASES

In order to determine the relative casualty value of the principal
hattle gases, it is necessary to take into consideration the amounts of each
that were used in battle during the World War. Table XV shows the
amounts of battle gases of each class that were manufactured during
the War.

Of the 150,000 tons of battle gases manufactured during the war,
approximately 125,000 tons were used in battle and 25,000 tons were left

on hand after the war in filled shell and in bulk storage, as indicated in.

Table XV

Subtracting the stocks on hand at the end of the war from the totals
manufactured during the war, we arrive at the tonnages of the various
gas= used in battle. Table XVI shows these tonnages and the corre-
spanding number of eaxualties resulting from each.

From Table XV, it is noted that all told about 125,000 tons of gax
were used in the war and caused 1,296,853 casualties, or one casualty
for each 192 |b. of gas. It must be remembered, however, that a large
part of the early war gases were lacrimatory and irritant gases which
cunses] no recorded casualties, so that the real casualty power of the later
gases was conxiderably above this average.

Of all the casualty gases used in the war, mustard gas was by far the
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TapLe XV.—Batrie Gasgs MANUFACTURED DUTRING THE WORLD WAR

(Tons)
'- Gases
R Lacrim- Lang } Vesi Stermu- Totals
ators | injurants [ S PP o
L

Germwny.... .. 2900 | 48000 10000 7.200 | 68100
Franee ... ... ... .. . o 800 34 .000 2140 15 34,855
Englawd 000000 1,800 23.336 A00 104} 25.735
Viited Stapes. . . 5 5,500 710 0 G.215
Austrm. .. .. . 245 5. 003 0 0 5.245
fealy...._..... ... 100 1.000 0 0 4,100
Russin..... . ... . .. 150 | 3,500 0 0 | 3,65
Totals ............. . 5.000 | 123.335 | 13.350 | 7.315 | 150.000
Left on hand unused . j o 22.835 1.360  B15 25, 000

most effcetive. It was not introduced until July 12, 1817, and hence
was uxed by Germany only during the last sixteen months of the war,
Owing 1o produetion difficulties, France was unable to fire mustard ga~
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shell until June, 1918, and Great Britain not until September, 1918—
less than two months before the Armistice. Notwithstanding the
short period of use, 1,200 tons of mustard gas (in artillery shell) caused
400,000 casualties, or one casualty for each 60 1b, of gas.

Tasue XVI.—Barrie Gasgs Usep 1¥ WorLd War axp Resvurivg Casvavrties

. Pounds of
Tons used | Resulling gs
Gases inbattle | cosualtiey | 0 per
casual v
Lacrimators, ... .... ... .. ... . .. 6.000 | 0 0
le.g injurents. . ... L. 100, 500 W76 . 853 | 230
Vesicanmts..... .. ..... ................. 12,000 | 400,000 | 60
Stermutators. ... ..., ... ... 6, 500 I 20000 | 650
Totals,.......................... 125,000 | 1,206,833 | 192 (avernge)

Altogether about 10,000,000 artillery shell were filled with mustard
gas, and of these approximately 9,000,000 were fired in the late war
These 9,000,000 shell produced 400,000 casualties or one casualty for
every 22.5 mustard shell fired. Thus, mustard gas shell proved to he
twice ax effective as the average gas shell and nearly five times as effective
ax shrapnel and high-explosive shell,

Contrast this record with high-explosive, rifle, and machine-gun
casualty results.  About 5,000,000,000 Ib. of high explosives were used by
all belligerents in the war, from which it is estimated 10,000,000 battle
casualties resulted; thus each casualty required 500 lb. of high
explosive, Again, a total of 50,000,000,000 rounds of rifle and machine-
gun mmmunition produced 10,000,000 casualties; thus each castalty
required 5 000 rounds.

PRINCIPAL GAS ATTACKS IN WORLD WAR

Impressive as are the foregoing average results in the late War, many
mstances can be found where gas was used under favorable conditions
and produced still more effective results. This was particularly true of
the large-scale gas attacks put over by the chemical troops on both sides.
These attacks comprised gas clouds released from ecylinders or projected
on the enemy by gas projectors.

Table XVII shows the principal gas atiacks during the war, the
approximate quantities of gas used, the means employed for putting over
the gas, the casualties produced, and the average amount of gas casuslty
for each attack.

From the last column in Table XVII it will be noted that, in general,
the early gas attacks were the most effective from the point of view of the
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number of pounds of gas required per casualty. This, of course, was due
|0 the absence of any effective protection from the first gases used in the
war. As the means of protection increased in efficiency, the number of
pounds of gas required to secure & casualty increased proportionately,
although the results of successive gas attacks were by no means uniform;
local conditions often entering largely into the relative effectiveness of
vach gas attack.

Another noteworthy point brought out in Table XVII is that onh an
average the large gas attacks were not as effective, per pound of gas used,
4 the smaller attacks. This was due primarily to the fact that, in general,
in the emall operations the targets were more definitely defined, and also
the smaller the attack the better the execution could be controlled.

In considering the relative effectiveness of the various types of gases
it must, of course, be borne in mind that the infliction of casuulties is
1ot the sole eriterion. For example, lacrimators, being effective in much
<ualler concentrations than the other types, are far more efficient in
fureing the enemy to mask than are any of the other gases. Indeed, so
Aevided i= the economy of the lacrimators for such use, it would be a
tactical error to employ any of the other gases for this purpose. Since
gus masks, no matter how much they may be improved, will always
involve s material reduction in the physical vigor and fighting ability
of troops, it is believed that lacrimators will alway= be used in war,
although they cause no casualties.

Similarly, the sternutators (sneegze gases) cause relatively few casual-
ties, but are so effective in extremely low concentrations in eausing
nausea and general physical discomfort that they fill a distinct tactical
need for counterbattery work and in general harrassinent of troops.
Moreover, gases of this type are generally in the form of toxic smokes and
have a marked mask-penetrative power. So penetrative are these gases
that special mechanical filters are required to be added to gas-mask
canisters in order to protect against them. Gas: masks so equipped
necessanily have a higher breathing resistance and thus tend  still

further to lower the physical vigor and combat ability of masked troops.

From what has just been said, it is apparent that while the imfliction
of casualties is the primary object of modern battle, it hy no means follows
that beeause a ehemical agent does not possess a high casualty-producing
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power, it is of no tactical value in war,  Thix point will be more fully
appreciated when the tactical employment of chemleal agents is taken
into consideration.

AMERICAN GAS CASUALTIES

In the foregoing discussion we have considered the gas casualties of
the late war from the general viewpoint of the oral casuaities of {he

principal belligerents engaged in t?lgﬂwan While such a survey has the
advantage of a broad polnt of view, it has the himtation thal comph-s
and accurate statistics concerning many aspects of the gas casvalties of
the principal belligerents are not available. We are, therefore, not able
to draw definite conclusions as to the value of gas as‘compared with other
military agents, or as to the relative values of the different gases. For-
tunately, the excellent easualty records of the A E.F. in France, compiled
by our own medical department, are so accurate and complete that
they afford ample material from which these omissions may be supphed
and many valuable lessons may be learned from a careful analysis of
these records,

While our battle experience was limited to the last nine months of the
war, it embraced the period of greatest development in chemical attack,
and hence most accurately reflects the real powers and limitations of this
mode of warfare. The casualty records of the United States Army are
for the year 1918 only, hence they indicate the results of chemical war-
fare after it had passed through its period of incubation and had reached
a stage approximating its full effectiveness. We will, therefore, con-
clude our study of World War casualties by considering a few of the
salient points indirated by our own casualties in the war.

A reference to Table X1 will show that the United States had a far
higher percentage of gas casualties than any other belligerent in the war.
This has already been accounted for in the preceding paragraph and, if
the casualty records of the other belligerents on the Western Front are
considered for the year 1918 only, it will be found that the gas casualties
of the other armies were about the same as our own. Thus the French
sustained the following percentages of gas casualties during the great
vffensives of 1918,

Per Cent
Mar. 1 to Apr. & (Somme offensive)................ .. 38,72
May 27 to Junc 5 (Aisne offensive}, ....... ... ... .. 11,17
June 9 1o June 15 (Novon-Montdidier offensive). R O 1
June 15 to July 31 (Aisne-Mame counteroffensive). .. o314
Aug. 1 to Sept. 20 (Bomme counterofiensive). . . 23.3%
R - 24.3

These figures are very significant, as they clearly show the rapidly
increasing casualty power of chemical agents as the war progressed.
Thus, while the average gas casualties for the whole war period were only
about 5 per cent of the total casualties, during the last year of the war,
gas casualties had increased to approximately 25 per cent of the total
casualties, including deaths, and an even greater percentage when deaths
are excluded, This strikingly illustrates the point referred to above,
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namely, that the experience of 1918 is far more indicstive of the real and
future power of chemicals than figures based upon the whaole war period
when chemical warfare was largely in the experimental stage.

The Agures in Table XVIII show that gas ranked first among all the
military agents in the production of ngnfatal rasualties, and serond in
precduction of total casualties. Table XVIIT further shows that, with the
<ingle exeeption of gunshol missiles (a8 very generic and comprehensive
viass), gas causcd a far grealer percentage of our casualties than any other
military agend used in the war, even including H.E. shells and shrapnel
which were employed on a vastly larger zeale,

This is a very impressive showing for any military agent, and i® even
ingre & for one which wax hastily developed under stress of war and did
not emerge from an experimental stage until the war was nearly half over.

It is noted that Tahle XVIII does not include those that died on the
hattlefields nor any casualties among the marines who served with the

A EF. Supplying these omissions, we have the total battle casualtiex
for the A.E.F. in Table XIX:
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The official caxusalty report= of our medical department give the
hospital admissions and death= from battle injuries in the A EF. caused
These data have been extracted and
consolidated in the following table:

by the various nulitary agents,

Tasnre XVII —Batrue Casvavties axp DeEatuas ix A EF. rroM Vaniove MiLirany
AGENTE"
(Bawed on Hospital Admissions)

Hattle casusaltios Per cent of
Military agents - . hospitalized
Nonfatal ’ Dieat s i Totals casunifies
.-- | ) __- I - T
Ciunsho! missiles 67 . 400 7,474 74 . BE3 33 42
HT . , 66,331 | 1.221 70, 552 d1 .48
Shrapnel . | 31,802 | 1.985 33,787 15. 08
Rifle ball 19, 450 | Bt 20,420 p_12
=hell 158.261 | 1.¥7S8 0. 039 5 Oy
Hand grenad- J B4 54 | ®E0) 0 40
Havonet (eutting instruneints} | 3460 5 374 016
Fistnl ball - pals ! 1.3 242 ; N 10
Lindane atitacks 170 IK 168 i, s
Mualvr . il 3 | | i}, (15
Miscellaneous, ineludimg agents not
stated, rrushing, falling objecls
nwdirect result 2 R3S 1i¥ Tl |, 205
Totals. 210,398 | 13,661 | 224,089
& Facluding marimes serving with ithe A EF
670 _
Tapre XIX —Torar Batroire CastarTies 1x AEF. Frox Gas axp Noxaar AcENTe
I
1. 8, Army casunlties | U. S, marine easualties Totpl enauslties
| ' o '
WAV RETEE ] ilied| Died | Wounded| Killed| Died | Wounded| o | Wounfed| Total
T io - T in b - Tiirbi- dentlin G T T
nriinn) pital Tatal action | mpital fatil fwral | thes
g i_gn |Ir-l!1:".-lT|"I 141,067 i.8a7 ATH %, 554 h1 ARG 147, Fhel !15!9.3:11
Tus [ 2nn 1,221 60.33) i fi as 2,014 | 1,482 71,944 | T2, 807
Titnls |q.. Ang 33, 601) 200 3ms | L4314 | 8. Bus | SZ.B42 | 21 .2wn (277,138
1 | |

[ will e 2een from Table XIX that, while gas caused 26.75 per cent
of all onr casualties and 32.53 per cent of nonfatal casualties, only 2.00 per
cent of the gas casualties died, whereas 25.78 per cent of the nongas
rasnaliios died,  We may say from this that men wounded by gas had
over twelve timer the chanee to cscape with their Iives than men
wounded by other weapons.

This very low death rate from gas, as compared to other weapuons,
was  alse experienesd by the other prinecipal armies engaged n
the gas war.  Thus, British ensoalty records* show only 1.8 per cont
deaths from gas ax compared to 24.0 per cent deatlis from hongas weapons:
the French had 4.2 per ecent deaths from gas as against 32.0 per cent
deaths from nongos weapons; while the Goeruas had 4.5 per rent deaths
from gas as against 36.5 per cent deaths from nongax weapans (xee
Plate 1},

Not only were the deaths from gas comparatively low, but the per-
rentage of thase pormanently put out of action by gas was cqually low.
This ix indieated Ly the number of diseharges for dizability from battle
mjunes by various military agents, as shown in Table XX,

Fram Table XX it will be seen that gas vawsadd only 11,3 per o/t of the
total discharges for disability, while it was responsible for 26.75 per eont
of all casnaltios, and 32.55 per cent of all nonfatal casualtics (see Table
YIXE  Dividing the number diseharged for dixability from earh military
agent, as indieated in Table XX, by the number of nonfatal casualties
from each agent, as given in Table XVIIL, we find the per cent of dis-
chargrs among the easualties from the principal agents as follows:

25 4 por cont of those wounded by abiell were dimchaiged fur disahilily.

2149 por cent of those wounded by rifle halle were dischiarged for disalulity,

IT 3 por vent of those wonnded by shrapnel were discharged for disalility.

108 per cont of those wounded by gunshot mussiles were discharged Tor disability

7 @ per cent of those wounded by gas were discharged for disability.

* Franiee and Flanders only
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FRENCH CASUALTIES

WORLD WAR

AMERICAN CASUALTIES

BRITISH CASUALTIES (In France)
R WORLD WAR

WORLD wa

Prate 1.—Gns and nongas cosunlties in the World War
A72
Tabug XX —Discwances vou Disaniniry axp Davs Lost 15 Hoserran v A EF
oM Vaimrioves Mivitany AcGENTE®

Dincharges for Dinve lost in
- disahility hospital
Military agent _ —
Number| Per cent | Number I. Por com
Ciunwhot wosiles. L T, 280 20 0 G 157,451 a8.2
Mhrapmel 00 L . 5,488 | 21.8 | 3,423 40 19.R
shell . JO4.638 ; 184 i-lﬁiﬁ.ﬂﬂl 12.3
Iifle Tl 4.264 16.9 2.373,692] 135
Gua _ 2,887 | 11.3 | 2.047,308 168
Hund grensde . 168 78 Ir Fil.{’l'lll 0. 4:
Avrplane nrtacks, : ! 50 0, 186 43.962 014
Pistol hall. . e S o | 0.1 23,153 U.13
Bavonet {cutting mstruments) . 14 0. 056 1. 150 0.1
Sabhar . 2 0 D08 1.5%7 001
Miscellaneous, includmg agents not stated, '
crushing, falling oljects, indireet results, |
anid others : | HYl 1. 47 284,037 I &
Totals =5 1%7 | 100, 00 "1'!.4“1 844, 100,00

= Hacladbog v riors oirving with the &4 K F,

Stated in another way, we may say that 55 a caually producer ga-
ranked first among all the weapons of war, but as regards eliminations
through discharges for disability, it ravked fifth among the eausative
agents, being exceeded by gunshot missiles, shrapnel, =hell, and pistol
halls,

In view of the above, it might be inferred that, since such a small
prreentage of gas casualties were permanently put out of action, men
gassed one day would return to their organizations the next day, and thus
gas s too humane an agent to be a really effective war weapon. Such,
however, is far from the fact, as is attested by the comparative number of
days lost in hospital from the various military agents including gas
Referring again to Table XX, it will be noted that gas was respunsible for
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16.8 per eent of the total davs lost i hospital, while it caused only 11.3 per
eent permanent ehimmations {(discharges for disahility) and 2.00 per eent
deaths (Table XIX).

Stated in another way, we may say that gas ranked third nimong the
can=ative agents as regards day= lost i hospital, being excended only In
gunshot missiles and shrapnel, while it ranked fifth as regards discharges
tor disability, and fourth a= regards death (Table XVIII) (zec Plate II).

What hax just been =aid applies to all war gases as a groups, bhut there
t~ constderable variation among the several types of gases as regards the
length of hospitalization from ges wowds,  Thus the tothal ur deadly

- 673
Bayonet 078 % Ba et 004
Pistol Ball 012 % Pistol Ball Q.10 %
ST &m#.“ [Miscellaneous 113% | Airplane &gﬁggﬁj Miscelloneous 122%
%3/ Grenades 04% 036 % - =eu.. !

Araine

05% -
HOR-FATAL CASUALTIES

DEATHS FROM WOUNDS

Boyonet 0.056% Boyonet 010%
Fii%l Ball 0.10% Pistal Bafl 0139
g:.rhplllnne g_égg% gir‘ lane E,H;?

er iscellaneou " aDer -
m Hl“"l § I-ﬁt' ______________ r‘iﬂ‘

Erenades..
042%

QIGCHARGES FOR DISABILITY DAYS LOST IN HOSPITAL

Prate II.—American bettle easunlties by military agent.
67
gases, as a group, cause less loss of ga}*a in hospital than the vesicant-
Iype gases, such as mustard gas. Britieh statistics show that over 80 per
cent of men f{atally gassed with phosgene died on the first day in the
bospital, whereas only 1 per cent of men fatally gassed with mustard
died on the first day. On the other hand, among men nonfatully gussed
with mustard, French statistics showed the percentages of Lhose who
recovered and returned to their units as follows:

Pur Cent
Within 30 davs. ... .. ... . ]
Withindbdava. ... ... .. ... .. .. L 13
Within 80 davs. . ... ... . . ... ... ... ... .. . .. ..., : 35
Within TOdavs. . ... ... ... ... . . ........ R 17

The average American mustard-gas casualty lost 60 days in hospital,
From the viewpoint of modern warfare where the vbject of battle is
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ot to destroy b life, but rather to put men out of action and thus
not vy decrease the enemy's combat power, but also incresse lis war
burden by forcing iim to maintain the maxinmum number of noneflectives,
it 11 obvious that gas responds to an ontstanding degree to every require-
nment of an effective military agent.

We will now eonclude our consideration of easualties by a brief survey
of the relative effectiveness of the prineipal Werld War gases. [t has
heen varionsly estimated that between 50 and 100 chemical substanees
were used as chemical-warfare agents during the war,
conveniently grouped intn the general classes:

The=e may be

| Typieal gns

ETSTET RS
1.1.-«1.":' El_\‘

| ool s

Tyvpieal gos

I.- 1“-"'-'“-1‘ IL!'I-'I.'!!. |1_"|_' .,'*.l.“il.'.'l-

rernaans

- a=

—_I——l _ e - -_—

[. Laermators, . Brismine ot me T-Hroff ot

1], Lang mjpurants Plosgene Grren U Fataul
HI Visieants Mot el Yellow Unmee . Serwisly menpmedining
IV, Sternutators, Nime I € o Slighn Iy ineapaeitnting

Reliable statiatie= showing the munber of casualties imfieted by the
varions gases are not available,  Aside from the British and Awerican
medical records, it does not appear that any effort was< made i the World
War to classify gax casualties in accordance with the kind of gas.  There
8, however, generil agreement among the principal nations in the World
Wir that mustard gas caused by far the majonty of the gas easuultios
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In the British Arimy 124,702 out of a total of 188,706 gas casualties
(66 per cent) were due to mustard gas.  In our own army the segregation
i not guite so clear, as will be seen from Tabile XXI1

Tanie XXI—Barrie Insvkies sy Gasks v ALELF,
{ Bused on Hospital Admizsions®)

.J Adutis=ms Dent hx
' L. Linse
Kind of gus Class | Nite Per Nitgsie | Per futality,
b vent ber | cent | per cemt
Ginw, Kimed tnt miated 33.557 47T ."'rHi! H T | . 63
Muxrard gos . {1} |2F.711 30 3 549 4w I JOIn
Phosgrne gas . : A § R (= | H i 5 4 0 97
Chlorine gus. . . . . o s 2w 706 03R
Amine gas. IV 577 & 3 03 052

— e — —

1 70,852 100.0 1.2:-1: o0 1.73

* Excluding United Sigles marines serving with L EF

Total. .

The information contained in Table XXT is not in a very satisfartory
form and needs some revision in order to be properly evaluated.  In the
first place nearly one-half of the casualties reported are uneclassified as to
kind of gas. Then there iz included a8 number of casualties charged 1o
chlorine when, as a matter of fact, there is no known instance of where
this gas was ever used against the Ameriran Army. Chlorine was only
weed in eloud-gas attacks and there were na aueh attacks against our
troops in Franee, except pos<bly those =erving with the British and
French armies.  Finally, the fatality rates in the last column of Table
XXT muke it appear that mustard gas was the mo=t deadly of the war
sy, ‘t‘L'!I['II, as a matter of IH{"E, it s quite generally known that j‘.lfu:_-.gpnr-
was by long odds the most deadly gas and mustard was relatively low in
fatalities.

The author accordingly believes the following revision of Table XX)
would give a clearer picture of the actual facts.  First. the chilorine
casualties are merged with the phosgene, a< the nearest allied 1ype, and
the owe whicrh most probably wax actually used and cavsed the casualtios
¢harged to chlonne; then the unclassified eases are distribuied in propor-
fion to the relative casualties for the known gases, including the U8

. Marine easualtics (Table XIX); finully, the 200 battle deaths from g~

ure wdded to the phosgene deaths sinee mustard has o delaved effeer

which would practically preclude battlefield deaths,  Our gas casualtion
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m the war then appear as follows:
676
Taere XXIL—HBarrie Casuarries sy Gases 1x AEF,
{Based on Author's Estiinates®)

Nonfatal Deaths
T ' = Case
e ! | | t. ]_'i r,
hind of gne i Cli Num-| Per | Xum-| Per :‘:ﬂ:;t
ber | ernt | ber | cent
i !
Mustard gas. ., ... ............| HI 535430' 75-|]| 1.114 T‘ﬁ.21 2.04
Phosgene gas. ... ...............| 1II [16.7000 23.4 342 .4 2.50
\rsine gas, ... ... ... ..., 1 IV | 1,143 1.6 6 0.4 .83
| .
Totals. .. ... .. .............. 71,345 IU.'].[I| ].4Ei2| 100,00 2.01
|

* Including United Fintes marines serving with A E. 7.

A comparison of Tables XXI and XXIT shows that, whereas in the
former only 39.3 per cent of our gas casualties were charged to mustard
gas, in the latter 75 per cent were so identified. This last percentage
slightly exceeds the British experience (66 per cent mustard casualties)
and is in very close agreement with the French experience with an esti-
mated loss from mustard gas between 75 per cent and 80 per cent of their
gas casualties.  As high as these mustard-gas percentages were, they were
(erronevusly) thought by the Germans to be even higher. Thus,
Hanslian (20, page 20) says: “We assume that the losses of the Allies
through the Yellow Cross (mustard) shells were etght times as great as all
the losses caused by the other gases.”

THE AFTEREFFECTS OF CHEMICAL WARFARE

Up to this point we have considered the war effects of chemicals: but
what of the aftereflects? Much time and effort have heen expended in
the years since the war in thoroughly investigating this subject, not only
hecause it is important from a medical point of view, but also to settle
the moot question as to whether gas really caused serious permanent dis-
ahilities, or predisposition toward such diseases as tuberculosis. A large
amount of evidence has been gathered and carefully sifted and evaluated
-0 that today these matters are no longer in doubt. Medical officers and
wientists who have studied the data concerning this question are unani-
mous in their judgment that gas does not leave permanent dizahilities or
predisposing weakness to organie disenses,

To go very deeply into this matter here would extend beyond the
seope of this chapter, but we cannot disiniss the subject without a few
references to the leading authorities.

Unquestionably, in this country the foremost anthority on the medieal
aspeets of ehemical warfare is Major General Harry I.. Gilehrist, Rtd.,
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late Chief of Chemical Warfare Service. General Gilchrist, then 3
Colonel of the Medical Department, was detailed in the fall of 1917 ax
Chief Medical Advisor of the Chemical Warfare Bervice A.E.F., and
served as such throughout the war, In 1017 and 1018 Colonel Gilchrist
spent much time inspeeting troops and hospitals, not only of the A.E.F.,
but &iso of the French and British armies, and ~o guined a comprehensive,
first-hand knowledge of the effects of battle gases during (he progress of
the War. After the War Colonel Gilehrist also devoted much time ta an
exhaustive study of the aftereffects of gas poisoning and has published
several very illuminating papers on this subject. We cannot, theref ore,
do better than to quote a few extracts and conclusions from this eminent
authority.

Firat, we shall consider blindness. It was frequently asserted during
and just after the war that gus caused permanent blinduess, General
Gilehrist studied thiz matter very carefully and reported that, of the
812 caxes of blindness in the A.E.F., 779 (96 per cent) were traceable to
weapons other than gus, while pas caused only 33 cases (4 per cent).
Since gas was responsible for about one-third of our nonfatal casualties,
it is obvious that the percentage of cases of blindness from gas were far
below the general percentage of gas casualties, and, therefore, Llindness
as & rexult of gassing was relatively infrequent.

Next, we shall consider tuberculosis, It was claimed that gas caused
a marked predisposition toward tubereulosis, especially among those
gassed by the lung-injurant gases General Gilehrist, in collaboration
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with doctors from the U.S. Veterans’ Bureau, examined the service records
and clinical histories of nearly three thousand veterans with the following
results:

Among the noteworthy effects of poison kas, as disclosed by the analvsis of thes:
rases, are the following: Preponderanee of effects on the respiratnry organs; the com-
parative rarity of pemistent effects on the eyes and upper respirntory pussages, and the
greater proportion of deaths from the immediate or recent effocts of musiard gas, while
in ita remote eflects there is but little or no tdifference from those of chlorine or phos-
gene; wnd the death mite from pulmonary tuberculusis from it, over a period i exeess
of five yeam is less than the death rate a3 shown in the census report of 1920 for males
of corresponding apes.

General Gilehrist then gays, “The clinical experiences of many who
have given this subject thorough ktudy, ax well as reports from laboratory
experiments, now furnish evidence sufficient to serve the purpose of ron-
Vincing anyone that pulmonary tuberculosis is not a common effect of
Eas poisoning and certainly not one of its later offects.”

This opinion is eonfirmed by many able investigators in this field, as
indicated by the references cited by General Gilchrist, while the
A78
Surgeon General's Report for 1920 contains the following roneclusive

paragraph:

One hundred and seventy-three cases of tuberculosis oceurred during 1918 amony
the 70,552 men who had been gassed in action. Of this number, 78 had heen gassed
Iy gas, kind not specified; 8 by chlorine; 65 by mustard; and 22 by phosgene. The
number of cases of tuberculosis for esch 1,000 men gassed was 2.45. Since the annual
rate of occurrence for tuberenlosis among enlisted men serving in France in 1918 WS
3.50 and in 1919, 4.30 per 1,000, it would seem to be apparent that tuberculosis did
ol oeeur any more frequently among the soldiers who had been guesed than among
those who had not been.

From this evidence, General Gilchrist concludes:

The above is a most remarkalle showing. Im hrief, it shows that in the vear 1918
there were one and one-half times as many cases of tuberculosis per 1,000 among sl
rroops in France as there were among those gassed, and that in 1910 there were more
than one und three-fourths times as many tuberculosis cases per 1,000 among all
troops aa there were among the gassed troops, This means that if Easaing were not
an actual deterrent to tuberculosis the small pereentage of tubercular cuses nmong the
kaseed can unly he aceounted for through the case of those patients in hospitals,

The total absence of direet sequentisal relation between gas poisoning
und tubereulosis in the A E.F, was also found to be true for the British
Army in Frence, Quoting again from General Gilelirist :

The following analvsis of information supplied by the ministry of pensions shows
the general charaster of the more protracted disabilitics seon after guy puisoning, i1
being impossible to distinguish in the records the precise type of gas by which ench
eacitalty was briginally vrused.

During the 12-month period, August 1919-1920. the resurvey hosrds made
26,136 examinations of cases of gas poisoning. Many of these men were examined
more than once during that perind, and the tetal number of individual vases examined
is caleulatexl to have heen about 22,000. But of this number 3,130 were at once
rlassed we “nil,” vinee they showed no disnhility, leaving the total number of pen-
sioners as about 19,000,

The known 10ti] of gus casualties in British Army is 180,983. But many of thesr
were men who were gassed more than once, on each of which occasions o fresh vasualty
would be reported. It ix impossible 1o determine the proportion of these, and the
nither of snrvivary from the garly chlorine attacks is sl Unknown. Az a reasonahble
approximuafion one may secept 150,000 ss the total nuniber of individuals surviving
alter gas poisonhig, inany of whom were, of course, very mild cnves,

The nuinber receiving disuhility pensions in 1420, 4wo or moere yours aftor guasing,
was npproximately 19,000 that is, about 12 percent of the total gas cnsualties, Ga=
poisoning, wns respensible actually for 2 percent of gll the digahilities afier the war.
33 percent of all prnsioners being olnasified as suffering frvunr wounds and {njuries and
5 pervent ne sufferllig Mrom disenses,

The percentnge degree of dissblcment from gne poisoning was genernlly low, oo
shown hy actual wsessments in o cousecutive group of 2,416 examinations made hy
boards in & period of four weeks during September, 1920,
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General Fuulkes, Chief of British Gas Service in France, also gives
sume. very impressive evidence on this subject, Two-thirds of the Britis),
gax casunlties were from mustard gas; roncerning these casualties Genoral

Foulkes rays:

I have mentiovned the low mortulity amongst mustard-gas casuuliies; bt 11 ix ot
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an widely known that of the 97% pervent which survive very few are rendered per-
manently unfit in the end. Townards the rlose of the war an exnminuation of the
medical reeords of 4575 of these cases which had been sutheiently severe 1o he sent to
Engls ul wor treatiment (and were therefore rather more severe than rthe average)
<howesd that 28.5 pereent were transflerred direet to Reserve hattalions and 66 percent
to convalvseent depots—a total of 9.5 perrent—within nine weeks of their arrival,
(it «f the total in this series of cases only 0.7 percent died; 9.4 pereent were clasafied
as pernuuent v ounfit; aod less than 2 pereent were reduced from Class A 1o a lower
entegory.  In faer, apart freoo about 2 pereent which maxy be presimied 1o have died
m Franee (o make ap the average wortality of 20, percent o, onlyv abour 3 percent of
the remainder were any the worse, say, after three mouth=. | have reproduced this
recon] heeanse vory mistaken ifleas are held, even vow, of the 1ermible effoes of 1his
grs. Even such a enreful writer as Mr. H. G, Wells has stared revently tin his * History
of the next 100 venars": "It s doubitful of any of the=e afiected by 11" (mustard gas)
“were ever completely cured. Les ninximum effect waz rapid torture and dearh; s
winimum, prolonged misery aned an abbveviated Life.”

HUMANITY OF CHEMICAL WARFARE

Mueh has been written hoth during and since the World War roncern-
ing the horrors of gas warfare and the eruel and inhuman consequences
resulting from itz uses.  Afller a eareful study of thi< matter and a close
analysis of the casualties produced in the war, we now know the faets
concerning the effeets of gas and see that much of the alleged horrors of
gas warfare were pure propoganda, deliberatelv dizseminated during the
World War for the purpose of influencing-neutral world opinion, and had
little sineerity or foundation in fact.

The measure of humancue=s of any form of warfare is the comparison
of (1) degree of =uffering caused at the time of njury Iy the different
Y e the pereentage of deaths to the total number of easualties
proclineed by ecach weapon; and the permanent aftercfiect: resulting
fronn the mjunes mdlicted by ecach particular methiod of warfare,

In general, gas causes lesz suflermmg than wound= from othier weapons.
[t i< unguestionahly true that ¢hlorine, the first gas used in the late war,
did at first cause strangulation with considerable pain and a high mor-
fality.  But this was due mainly to the fact that the troop= again=t whom
these first gas attacks were lnunched were totally unprotecied.  Later
when supplied with gas mask~, chlorine became the most innocuous of
the toxic gases and was the least feared by both =<ides,

The two other principal lethal gases used in the war, phosgene and
chlorpierin, when employed in high concentrations, caused instant col-
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lnpse with no suffering. With lower concentrations there is no pain.

The pain caused by mustard gas is always delayed and depends upon the
concentration, length of exposure, and parts affected. The very fact of
the delay of several hours in the effects of mustard gas usually means that
the soldiers are able to obtain medical treatment by the time the symptoms
appear and much can be done to relieve the suffering. On the other hand,
<uffering from other wounds commences at once, and frequently wounded
men have to endure hours of agony before medical aid ean reach them
and allay their sufferings.

Among those gassed the sufferings are less severe and of shorter dura-
tion than among those wounded by other war weapons. With the lung-
imjurant gases the casualties are fairly out of danger in 48 hours, while
burns from mustard gas, although not painful after the first 24 hours,
often hospitalize s man for several weeks. On an average, the period
of hospitalization from gas was only about one-half that of those wounded
by other weapons.

A= to the ratio of deaths to total casualties, we have already shown
that the mortality among those wounded by nongas weapons was over
12 times the mortality from gas, and further elahoration on this point
b i il ] IIHIIP["F‘HHﬂrF.

Finally, as to the relative aftereffects of gas as compared to other
wounds, there can be no question. Gas not only produces practically no
permanent injuries, so that if 8 man who is gassed survives the war, he
comes out body whole, as God made him, and not the legless, armless,
or deformed cripple produced by the mangling and rending effects of
high explosives, gunshot wounds, and bayonet thrusts.

If any one has the slightest doubt on this point, he has ouly to take
one glance at the horrible results of nonfatal gunshot wounds, as illus-
trated on Plate 1 of Colonel Vedder's book, “The Medical Aspects of
Chemical Warfare’,

History reveals that the death rate in war has constantly decreased
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ax methods of warfare have progressed in efficiency as the result of seicn-
tific progress. Chemical warfare is the latest contribution to the seience
of war., The experience and statistics of the World War both indicate
that it i= not only one of the most efficient agencies for effecting casunlties,
but i= the most humane method of warfare yet devised by man.

INCREASING USE OF GAS DURING WORLD WAR

One of the most convineing evidenees of the effectiveness of ehemical
warfare was itx rapidly increasing uze as the World War progresusd.
This ir strikingly illustrated in Chart XIX, which shows the amount of

gas and gas shell used on both sides during cach year of the war.
v

Owing to the large number of casualtier which the Germans scored
against the British and French with Yellow Crass (mustard) shell in the
summer of 1817, and the great success attained against the Russians by
their Colored Shoots, {mixed Green, Blue, and Yellow Croass shelis) in the
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CrantT XI1X.—Gas and gas shell used in the Warld War.
fall of 1917, the Germans based the artillery preparation for their great
offensives in the spring of 1918 on the use of gas shell. Thus gas shell,
which in 1915, 1916, and 1917 were used only in =pecial operations for
producing casualties and in the general harassment of troops, by the end
of 1917 had become =o effeetive that they were incorporated as an impor-
tant purt of the comprebensive taetical plans for the 1918 offensives.

In their first great ﬂﬁEIIE‘i?ES n?gainst the*British in March, 1?13, the
Germans conduected a ten days’ artillery bomhardment in which tl_w;v
used over a half million gas shells (mostly Yellow Cross), Inthe ensuing
attack which opened on Mar. 21, the Germans massed 1,705 batteries
(about 7,500 guns) on a 44-mile front between Arras and La Fere and
bombarded the British intensively for 5 hours, In this bombardment
25 tu 30 per cont of the artillery shell were gus, Gi-um_-a.l
Ludendorff says of this attack: “Our artillery relied on gas for its
effect.”

The importance which the Germans attached to the use of FﬂﬁlelE‘l]ﬁ
in the artillery preparations for their great offensives in the spring of
1918 i further illustrated in a captured order of tlie German Seventh
Army, dated May 8, 1918, which preseribed the proportions of gas =hell
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to be used for the attack on the Ab=ne on Moy 27th, a= follows:

a. Counterbut tery and long-rntige bhombardnmients;

Rlue Cross, 70 per cont; Green Cross, 10 per cont; HUE., 20 per cont.
b Aguinsr infanirne: '

Hlue Cross, 30 per eoiit; Groen Crose, 10 per cent; HE 80 per venl.
c. In the “hox harrmge:”

Blue Cross, 60 per eent; Green Cross, 10 pee cont; HUE., 30 per sont

No Yellow Cross shell were used immediately preceding an stiack,

In commenting on the great Germum offensives of 1918, General
Rchwarte says: " During the big German nttacks in 1918, gas was used
against artillery and infantry in quantitier which had never been seen
before, and even in open warfore the troops were soon asking for gas."

Even after they were foreed to take the defensive, the Germans con-
tinued to use a large pereentuge of gas shell, particularly, Yellow Cross
Thux General Hartley , wferring to the German retreat in the fall
of 1918 says:

Yellow Croes shell werv wed much further forwani then previously. . . . The
ey attempted fo create nn inpassabile zome in front of sur Torward positions by
it of staed o L0 Io Yellow Cross they Lol an extremcly fine defensive
wenpe s w hieh they i not ase to the best odyantagy.

The tmormous eomsimption of artillery gus <hells hy the Germans in
1818 gradually beeame such that they were no longer able to supply the
dewand=, although, aecording 1o Genernl Schwarte, at the time of the
Armastice Germany was wanufneturing monthly alost 1,000 tons of
Yellow Cross (mustard) slone,

Commenting on this snuation, Lefebure writos:

The normal wtablishiment of 0 Gernpn divisionsl apmaunition dump in July, 1915,
vintamed about 50 per cont gos shell. The dumips eaptarad iter o the vear von-
taimisd from 30 per eent to 40 per cent.  These figures are sgnifieant, for they <how

hiow wiueh importuney the German Anny attached 1o gus shell,  When we think of
the mwillions of shell and of the huge quantities of explosives turned out by our own
factories to Bl them, and when we reslize that for a lange numlbes of gun ealibers the
Germans wsal ax many shell filled wirh gas as with explosive, some ides of the impor-
tunee of gus in the recent wor and of its future possihilities can be abtained.

Confirming the shortage of German gas shell at the time of the Armis-
tice, General Fries  says: “ Examination after the Armistice of German
shell dumps captured during the advance revealed less than 1 per eent
of muntard gas ghell.”

Throughout the war, with few exceptions, Germmny matntained the
iitiative in chemieal warfare, owing principally to her immensely superior
chemicnl industry.  Concerning this subjeet, Lefebure SAVS

As o general rule where the German Jag between the spproval of 8 substanee
and its use in the ficdd coversd weeks, our Ing eowered months, . . . The Germnim s
imustard gas in July, 19117, But the first fruite of allied production were not in the

held for eleven month=. British materal was not uzed until 8 month or two bafore
the Anuisiice.

And 50 the chemical warfare efforts of the Alliex consisted largely of
retaliatory measures in belated attempts to keep abreast of German
initiative.  For this renson the pereentage of chemical shell in the German
artillery-ammunition program was always ahdad of that in the Allied
PrOgrams,

At the time of the Armistice it is estimated that 50 per cent of the
German, 35 per cent of the French, 25 per cent of the British, and 15 per
cent of the Ameriean smmunition expenditures were chemical shell.  The
American chemical-shell program lagged considerably behind those of
the other belligerents on the Western Front, principally because of pro-
duetion difficulties and the consequent lnek of appreciation of the advan-
tage= of chemical shell in battle.  However, shortly Infore the Armistice
the American chemical-shell program was inereased to 25 per cent of
the artillery ammunition program to be effective Jan. 1, 1910, Gas
producing facilities in the Tnited States were 1o be expunded o as to be
able to provide 35 per cent chemical shell in 1919, had the war continued.

Regarding the British chemical-<hiell plans during the latter part of
198, Geoeral Foulkes (12) wnites:

o« o The opinion of onr own Generul Stafl of the vole of gas was refeeued in tlwir
Tas :Irfn-nd of the war, dated Oth Aungost 10K, fur gas <Biell: and Domdes for the 1919
rampaign. 20 pereent to 30 pereent of all tepes of srtillery shells were to hive con-
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tineed gaw, U wosgoent y wnstned gas, ond poare Bbehevmntors were vliminnted entirely
Mlosggene sbells for the 18-poander were demmnded for the Bt tme, te itention
Twing 19 cioploy tlem im the moving barmage, oot Tesouse any ethal effioer wos
expented from them, but beeatse 1t hag been s ofien found sdvantagenos o mapgeed
the enemy 1o meet pur assaalting troops with their mnsk- on,

684
Of the German chomical-shell progrun in 1918, Dr. Muntsch

=ays: “In the year 1918, German Headgprters ordered 507, gas nmmiuni-
tion and 509 high explosive ammunition for the artillery.”

All in all, it ix clear froom the plans of both sides that, D the war
vontinuesd for another year, the campaign of 1919 would hive Teen rgely
a chemienl war,  This phenomenal rise of chemivals from an nnknown
oleeenritly in 1915 to the position of & military agent of the first magnitude
in 1918 i without parallel in the history of woarfure,

6s7
CHAPTER XXVI
CONCLUSION

We have shown that chemical combat iz a new mode of warfare which
for the first time in recorded history departs from the physieal blow a~
the fundamental principle of battle, Of all moderm weapons, chemicals
are destined to exert the most far-reaching effect in shaping the future
rharacter of warfare, for the action of chemicals over the areas in which
they are employed is pervading as to space and is enduring in point of
time, #so that if aircrafl may be sald to have carried war into the third
dimension, chemicals have extended it to the fourth dimension and no

Despite its crude and hastily improvised development, the remarkahle
eflectiveness of chemical warfare was fully demonstrated in the World
War, and rlearly indicates that we arc on the threshold of & new era in
the evolution of war—an era of chemical rather than physical combat.
Whereas in the late war, exisling arms were employed to disseminate
rhemicals in addition to projectiles and explosives, in the future we may
expect to see the requirements of chemical dissemination determine the
character of the means employed in combat, and the resulting changes
in armament will be more far-reaching than those brought about by the
advent of gun powder.

We have alto seen that chemical warfare is the most humane method
ol waging war heretofore employed, for by the use of chemicals not only
may an enemy be overcome without annihilation or permanent injury,
but the suffering caused by chemical action is, on the whole, far less
than that resulting from the dismembering violence of explosives.
Moreover, by chemical means alone may the blow be tempered and
adjusted to the end in view, for with chemicals any effect can be produced
from simple lucrimation to immediate death.

Also, unlike other means of combat, chemical warfare can be con-
trolled and confined to the battlefield unless deliberately used elsewhere,
for the laws governing the behavior of gases are as definite and well
understood as the law of gravity.

While chemical combat immensely complicates modern war, it is
susceptible to complete and adequate defense, and protection against it is
essentially 8 matter of scientific skill. The chemical war of the future
will, therefore, be primarily & contest between the scientific abilities of the

nombatants, t.e., & contest of hm and not brawn. This simple fact
alone holds out the greatest hope for the future of civilisation, for the
destiny of man is safest in the hands of the most intelligent. One of the
best safeguards of world peace today lies in an appreciation of the above
facts and a consequent application of chemical resources to national
defense.

Much confusion in the international situation has been engendered by
plausible but misguided attempts to prohibit the use of chemicals in war.
The history of such efforts clearly indicates both their impracticability
and undesirability. Impracticable, because the gases generated by
explogives are so closely akin to the gases used in chemical warfare that
only hairline distinctions can be drawn between them. Such refined
differentiation is impracticable of enforcement under the stress of war, even
if good faith exists on both sidex.

As was witnessed in the World War, sooner-or later one side or the
other will claim a violation of any treaty agreement against chemical war-
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fare, because of a real or fancied encounter with toxic gases on the field
of battle, such gases being impussible to exclude where high explosives
are used.

Even if a convention against chemical warfare were possible of
enforcement in war, on what real grounds is such an action desirable?
Three objections to chemical warfare have been urged by those opposed
to it: (1), that it is inhumane; (2) that it cannot be controlled and con-
fined to armiesin the field, but will run wild and decimate noncornbatants
and civilian populations generally; {3), that it is unsportsmanlike.

The casualty records of the late war and the united opinion of the
medical profession and foremost toxicologists have shown conclusively
that chemieals are not only more humane than other weapons, but that
hemical combat is the one form of organized foree that can be regulated
to bring about the subjection of an opponent with a minimum of violence
and injury. This is exemplified in the now widespread use of chemicals
for quelling eivil disturbanees.

The experience of the World War and the results of extensive postwar
experimentation have also shown the fallacy of the second objection—
that chemical combat eannot be controlled and confined to the battlefield.
Indeed, this evidence is s0 convineing, it may be safely =aid that the only
danger to noucombatants and civilian populations from chemical war-
fare lies in the deliberate application of chemical weapons to such uses.
In this respect there is no more to be feared from chemicalx than from
cxplosives and vther weapons s0 misused,

The third charge that the use of chemicals is unsportsmanlike is
hardly of sufficient weight to warrant serious consideration. It doubtless
arose out of the situation early in the war, when gas was first used against
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an unprotected enemy and was thus conceived to confer an unfair
advantage upon the user, Such a situation cannot occur in the future for
no government worthy of the name can fail to take steps in time of peacr
to protect itself against chemicals in war, unless it is’lulled into a false
sense of security by adherence to a treaty convention against chemical
warfare and blindly fails in its duty to protect its people.

In the last analysis, war'is not a sport, but a grim contest between
<tates for national existence. War, therefore, cannot be conducted by
any code of sportsmanship, but only by the law of military necessity,
however much civilization may deplore the resuits, This being the case,
the duty of any government is clear. It must take a practical and loug-
sighted view of the facts of war as they exist today; it must do everything
in its power to insure that its armies and its people shall not be without
the best possible protection against all modern weapons; and its armies
<hall be ready to employ the most effective means to bring to a speedy
and successful conclusion any future war into which it may unfortunately
be drawn.

What is chiefly needed today iz a sane and rational outlook on the
subject of chemical warfare, such as was voiced in one of the earliest
suggestions concerning the use of toxie gas in, war. In an article on
“Greek Fire,” which appeared in 1864, fifty years before the World War, a
British writer says?

I feel it a duty to state openly and boldly, that if seience were to be allowed her
full ewing, if society would really allow that “*all is fair in war,” war might be banished
at once from the enrth a= a game which neither subject nor king dare play at. Globes
that could distribute liquid fire could distribute also lethal agents, within the breath
of which no man, however puissant, could stand and live. From the summit of
Primrose Hill, a few hundred engineers, properly prepured, eould render Regent's
Park, in an incredibly short space of time, utterly uninhabitable; or could make au
wrmy of men, that should even fill that space, fall with their urms in their hands
prostrate and helpless as the host of SBennacherib.

The question is, shall these things be? I do not see that humanity should reveolt,
for would il not be better to destroy & host in Regent's Park by making the men fall
a8 in & mvstical sleep, than to let down on them another host to breuk their bones, tess
their limbs asunder and gouge out their entrails with threecormered pikes; lenving o
vast majority undead, and writhing for hours in torments of the damned? I coneeivr,
for one, that seience would be blessed in rpreading her wings on the blast, and breath-
ing into the face of n desperate horde of men prolonged sleep—for it need not
necessarily be a death—which theyv could not grapple with, and whirh would vield
them up with their implements of murder to an enemy that in the immensity of its
power could afford to be merciful as Heaven.

The question is, shall these things be? 1 think they must be. By whut compart
can they be stopped? It were improbable that any eongress of nations could agres
un anv code regulating means of destruetion: but if it did, it were useless; for science
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hecomes tmore powerful as she concentrates her forees in the hands of units, so that a
nation could onlv act, by the nbsolute und individual assent of each of her repre-
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sentatives. Assume, then, that Franece shall lay war to England, and by superior
force of men should place immense hosts, well armed, on English soil.  Ie it probahle
that the units would rest in peace and allow sheer brute force to win ite way to empire?
Or put English troops on French soil, and reverse the question?

To conclude. War has, at this moment, reached, in its details, such an extrava-
gance of horror and cruelty, that it cannot be made worse by an act, and can only be
made more merciful by being rendered more terribly energetic.  Who that had to die
from & blow would not rather place his head under Nasmyth’s hammer, than submit
it to & drummer boy armed with & ferrula?

If the statesmen who control the destinies of nations could but achieve

this enlightened viewpoint, the future of mankind would be far more
HECUTE.
T01

APPENDIX

RELATION OF VOLATILITY TO VAPOR PRESSURE

The vapor pressures of many chemical compounds are given in chemical literature
wnder the physical properties of the compounds. If the vapor pressure of a gas at
any given temperature is known, the volatility of the substance may be obtained ax
follows:

Let M = the molecular weight of the gas, in grams,

T = ihe temperature (absolute) at which the vapor pressure is known,
T = normal sbeolute temperature = 273°C,
P; = the vapor pressure at & temperature T, in mm. Hg.
P = normal atmospheric pressure = 760 mm. Hg.
¥: = volatility of the gas at a temperature T', in grams per liter,

The gram molecule (i.e., the melecular weight of the substance expressed in grams)
of any gas occupies 22.4 liters at 0°C. and 760 mm. pressure.

Thercfore

MTF,

V=m1x T80T,

Thus, the molecular weight of phosgene is 99, its vapor pressure st 25°C. is 1,400
mm. Hg, and ita volatility a1 25°C. is

. _ 99 X 273 X 1,400
V =233 X760 X 208 ~ '-188 grams

or 7.488 mg, per liter (see Chart 1, page 9).
Proceeding a= above, the volatility curve for any gas mayv be constructed from
ita vapor pressure curve, as shown in Chart 1.

RELATION OF YOLUMETRIC RATIOS TO WEIGHT RATIOS

The concentration of a {oxic gas in the air is variously etated as: (1) grams of gus
per cubic meter of air; (2) milligrams of gns per liter of air; (3) ounces of gas per
1,000 cu. ft. of air; and {4) parts of gas per million parts of air. In order to comparr
roncentrations expressed in these different ways, it is necessary and convenient to
know the conversion factors, which may be gimply stated as follows:

Grams per cubie meter are numerically exactly the same as milligrams per liter,
singe & milligram is Y gpg Eram and a liter is 1{ gqq cubie meter.

Bince 1 oz, = 28.35 grams and 1 cu. ft. = 28.32 liters, 1 oz. per cubir foot =
1.001 grams per liter, and ounces per thousand cubic feet = 1.001 mg. per liter.
Therefore, cunces per thousand cubic feet are numerieally the same as milligrams per
liter to the third decimal place.

Parts per million are converted 10 milligrams per liter as follows:

1 liter of air at 0°C. and 760 mm. weighs 1.293 grams.

1 cu. mm. of air at 0°C, and 760 mm. weighs 0.0001293 g,

For air, or any gas of the same density, 1 part per million (1 p.p.m.) would be
1 on. mm. per liter.
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Hence under standard conditions 1 p.p.m. of any gas of the same density as air
would weigh 0.001293 mg. per liter.

But the average molecular weight of air = 28,9; for any other gas the figure
0.001283 would vary in proportion to the molecular weight of the gas.

Therefore, if M = molecular weight of a gas, P = barometric pressure, and T’ =
the absolute temperature, then

M x 0.001283 x F X 273

Milligrams per liter = 559 5 760 X T p.p.m.
This may be reduced 1o the following:
Milligrams per liter = bt :,II;MHP p.p.m.
or
p-p-m. = T mg. per liter
P-10- = 5.0000161 : '
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Mture of, 217
use of, In World War, 2168
in World War, 203

i

BTy smoke mixture, British, 233
Salve, protective, 5635
Hhell, chemiceal, artillery,
gas, wsed i World Wir, 658
incendinry, development, 47

Shelters, gasproof, 588-571
Silicon tetrachloride, 239
SK, 138

Smoke,

candles and pots, developmiem anil use,

303-309

ﬁluuds, nature of, 41

natnure of, 224

vhacuring power, 226
production, principles of, 229
sereena, 27, 220

Smoke agent, classifieation, 220

rompnricon, 246
definition, 4

future of, 247

history, 220

uature of, 224

charuring power, 45, 226
ridjuirerents for ideal, 48
withstanees unl], 232

Sodinim, 251

modifiedd, 250
Tin tetenehlorile, 238
Titaminm ietraehlonde, 240
Tonite, 133
T.0.P., 224
Toxie ngents, sv=temie, 170, 170
Toxie roneentrntions, §}
definition, 4
Toxw guses nsedd i World War, 6506
Temperature and clowds, efeet in eliem-
ital wonrfore, 29
Torsieit v, ehemieal wgents, W, 41
defintion, 4
refnfive, 14
T'richlormethyichloroforiuare, 157

Troops, special chemieal, in World War,
659
Tuberculosis, coused by gus, B77

v

Vapor densitv, 41
Vapor pressure, definition, 8
Vesweant, detitation, 5
Vesieant apgents, 113, 177, 188, 144, 21K
cla=mifcation, 178
comparison; LS
Future of, 149
use of, in World War, 189
Vineinnite, 171
Vitrite, 175
Volatility, of ehemical agents, 44
definition, §

W

Weapons, romparizon of, 3
ineendiary, 261
srlection of, 33
Wenrtber ronditiems, 23
Wonther elinents, 24
White phosphor= WP, 48, 234, 251
Wi, 24
effeot of, M

Wind oo sofery limits, 28
hY
Xvlvl brnmide, 133
Yy
Yperite, 178
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