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By direction of the Secretary of War, the matter contained herein is published as administrative information and is required for the proper transaction of public business.
 The principles and teachings of the subject embodied in this pamphlet will be used as a text in the Chemical Warfare School.
 AMOS A. FKIES, Major General, Chief of Chemical Warfare Service.
 n
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A COMPARATIVE STUDY OF WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 V/ARFARE CASES—THEIR CASUALTIES COMPARED WITH THOSE CAUSED BY OTHER WEAPONS IN THE WORLD AND OTHER WARS—THEIR AFTER EFFECTS—HUMANENESS OF GAS WARFARE
 INTRODUCTION
 In submitting this publication no attempt has been made to give a history of chemical warfare, the employment of chemicals in military operations during the war, either offensively or defensively; or the rapid strides made in this method of warfare since its introduction; or its medical aspects. The following chapters are intended to cover only such phases of the subject as deal with casualties resulting from the use of gas and their comparison with casualties resulting from weapons other than gas; their after effects and the humaneness of their use in war.
 In their present form the several chapters and illustrations are excerpts from lectures delivered at the regular courses of the Chemical Warfare School at Edgewood Arsenal, Md., and the Army Medical School, Washington, D. C, by the writer who has been closely associated with this method of warfare since the United States entered the great conflict, as the Commanding Officer of British Hospital No. 9 at Rouen, France, through which passed thousands of gassed cases from the British fronts; as medical director of the gas service and Chemical Warfare Service, American Expeditionary Forces, from December, 1917, to the close of the war and as the chief of the medical division and medical research division of the Chemical Warfare Service since January, 1921.
 The purpose of these chapters is for the information of student officers of the several service schools and others interested in the effects of the different weapons of warfare. In compiling this study, an attempt has been made to make it as brief, comprehensive, and up to date as is possible.
 The graphic charts and tables included have been made by the writer from data obtained from official documents on file in the War Department and other reliable sources and are used by him in all lecture work. They are published for the purpose of presenting
 1
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2 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 graphically certain phases of chemical warfare which might otherwise be overlooked.
 It is also his opinion that the fundamental knowledge presented here will be of material assistance to those interested in the subject of casualties, after effects, and the humaneness of chemical warfare.
 The merest glance at the following pages will convince any candid reader that the part played by chemical warfare in the maintenance of military morale is of extraordinary moment, especially in connection with the mortality. The large number of casualties produced by chemicals compared with the low death rate from them is striking and brings up the question as to the military importance of a weapon which wounds but does not kill. Naturally, the first impression would be that such a weapon would have no place in military armament, but when considering the great encumbrance to an enemy of a large number of wounded, together with the number required to care for them (estimated at from four to five persons for each wounded), it can readily be seen that the wound-producing weapon has a greater strategic value than the one which kills outright.
 It is hoped that the facts here presented will not only serve the purpose of stimulating an interest in the different weapons of warfare but will also help materially to clear up certain misunderstandings and prejudices against the use of chemicals, a prejudice altogether too common. If it accomplishes this purpose, the object of the writer will have been fully realized.
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" I N THE MATTER OF MAKING AN END OFTHE ENEMY'S FORGES BY VIOLIHCC IT IS AN 1HCONTLSTABLC AHD SELF EVIDENT RULE THRTTHF RIGHTOFKIIHNG A N D A N « A T I N G , I N REGARD TO HOSTILE COMBATANTS IS INHERENT IN THE WAR POWER, AND ITS ORGANS, THAT ALL MEANS WHICH MODERN INVENTIONS AFFORD, INCLUDING THE FULLEST MOST DANGEROUS ANDTHE MOST MASSIVE MEANS OF DESTRUCTION, MAT BE UTILIZED,
 THESE LAST, JU5T BECAUSE THEY ATTAIN THE OBJECT OF WAR AS QUICKLY AS P 0 5 5 I B L U R E ON THAT ACCOUNT TO BE RE6ARDED AS INDISPENSABLE, AND, WHEN CLOSELY CONSIDERED,? HB M O W H U M A N E . "
 2083°—28 2
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CHAPTER I
 GENERAL
 1. In order to comprehend a subject so extensive as " The casualties of the World War," something should be known about the number of men mobilized from which these casualties occurred. The following paragraphs, together with Table No. I and Graphic Chart No. I, furnish information on this important subject, which has been collected from every available source and although not absolutely accurate serves the purpose.
 In studying the chart it w.ill be observed the figures do not correspond in some cases with those mentioned elsewhere in this publication. This apparent discrepancy is due to the fact that in these Jatter cases, casualties in the Army alone are considered, while in the former they include not only those in the Army, but all other branches of the national defense. It w,ill be observed also that under the heading of " Killed or died" in the mobilization chart, the figures include not only those dying from battle wounds but from disease also.
 2. Number of men mobilized.—During the World War 65,038,810 men were mobilized by the countries participating. Of this number, 8,543,515 were either killed on the field of battle, died from wounds received, or died from diseases contracted in the war. There were 21,219,452 battle wounded hospitalized. Inasmuch as many of these were treated more than once for different wounds, the figures as expressed are rather misleading. From available data it is impossible to arrive at any sort of conclusion as to the number coming under this category, but it is believed to be large.
 To better present this subject, attention is invited to Table I, which shows the countries participating in the World War, the number of troops furnished by each, the total number killed or who died from disease, the number hospitalized, together with the total number missing from all causes and in some cases the number of gas casualties and deaths from gas.
 The percentages expressed in the general mobilization part of the table represent the percentage of casualties from all causes including those killed, deaths from all causes, missing, etc. The percentages expressed in the gas tabulation represent the number of deaths from gas casualties.
 5
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6 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 3. Casualties in general.—Before taking up the subject of casualties, it might be well to define briefly what is meant by the expression " casualties." It seems to be the idea prevalent in the minds of many of the laity that casualties, when referred to ,in connection with war, include only those persons who were either killed outright on the battle field or who died from the effects of battle wounds. This is an erroneous belief and for its correction the following definition of battle casualties is offered. Military casualties are those losses caused by death, wounds, discharge from the service, capture, or desertion.
 In the following chapters when referring to casualties, whether caused by gas or other war weapons, only those who were killed or wounded or who died from the effects of gas or wounds received on the battle field and whose cases were recorded are included. In some cases an individual may have been gassed or wounded at different times; under these circumstances his case would be taken up as a new casualty each time, so in considering war casualties by numbers it does not necessarily follow that the number of casualties as stated in the following chapters signifies different individuals, as one person may have been wounded or gassed on two or more occasions, on each of which he would be considered a new casualty.
 Of the 1,009,038 gas casualties reported, 78,390 were either killed or died from the effects of this weapon. Of these Russia alone furnished 56,000 deaths from gas.
 The figures presented represent only gas casualties reported and they do not include those from countries in which no classifications were made.
 From a study of the gas casualties of England, Germany, and the United States it appears that the largest number of these, together with the highest mortality, were found in the areas nearest the front. This is especially true in cloud attacks. In the British descriptions of gas cloud attacks which took place during the early months of gas warfare it is shown that gas was not only fatal among the troops actually holding the lines in the sectors affected, but that casualties also occurred further to the rear.
 PROPORTIONAL LOSS
 Of the 2,039,329 men who were reported by the General Headquarters, American Expeditionary Forces, to have arrived in France, 110 men out of every 1,000 men were admitted to hospital as a result of battle injury, and 6% died as a result of these injuries. The Infantry suffered the heaviest loss in wounded and in killed, the former being 215.66 per 1,000, and the latter 12.77. The Signal Corps was second, with 52.22 wounded and 3.13 dying of wounds.
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WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 TABLE NO. 1.—Table slwwing number of men mobilized by countries during the late war, together with number killed, or dying from diseases, wounded, missing, and percentages of casualties
 Per cent of Country Mobilized Killed or
 died Wounded Missing Total casulaties
 casualties to mobili
 zation
 Russia France. British Italy United States Japan Rumania Serbia Belgium Greece Portugal Montenegro
 12,000,000 8,410,000 8,904,467 5,615,000 4,255,000
 800,000 750,000 707,343 267,000 230,000 100,000 50,000
 1, 700, 000 1,363,000
 908,371 650,000 126,000
 300 335, 706 45,000 13, 716 5,000 7,222 3,000
 4,950,000 4,266, 000 2,090,212 947,000 234,300
 907 120,000 133,148 44,686 21,000 13,751 10,000
 2, 500,000 537,000 191,652 600,000 4,500
 3 80,000 152,958 34,659 1,000 12,318 7,000
 9,150,000 6,166,800 3,190,235 2,197,000 364,800 1,210
 535, 706 331,106 93,061 27,000 33,291 20,000
 76.3 73.3 35.8 39.1 8.0 .2
 71.4 46.8 34.9 11.7 33.3 40.0
 Total 42,188,810 5,157,315 12, 831,004 4,121,090 22,109,409 52.3
 Germany Austria Turkey
 Bulgaria
 11,000,000 7,800,000 2,850,000 1,200,000
 1,773,700 1,200,000 325,000 87,500
 4, 216,058 3,620,000 400,000 152, 390
 1,152,800 2,200,000 250,000 27,029
 7,142, 558 7,020,000 975,000 266,919
 64.9 90.0 34.2 22.2
 T o t a l . . . . 22,850,000 3,386, 200 8,388,448 3,629,829 15,404,477 67.4
 Grand total 65,038,810 8,543,515 21, 219,452 7, 750,919 37, 513,886 57.6
 Gas casualties
 PercentageCountry Number Deaths of deaths to
 casualties
 Russia' 475, 340 56,000 11.7 France 190,000 8,000 4.2 Italy i 13,300 4,627 34.7 United States 70,752 1,421 2.0 Great Britain 180,983 6,062 3.3 Germany.. 78,663 2,280 2.9
 Total 1,009,038 78,390 7.7
 i Unreliable.
 4. Difficulty in obtaining accurate information concerning casual-ties.—It is practically impossible to obtain accurate data concerning the number of casualties and deaths attributable to gas in many of the battle engagements for the reason that the conditions accompanying severe fighting allowed little opportunity for differentiating those dying from the effects of gas and from those killed by shell, rifle bullet, and other weapons than gas. No doubt some were killed outright by gas, but deaths from this cause were not many for the reason that concentrations strong enough to kill on the battle field were difficult to produce.
 It has also been difficult to obtain any information concerning the weapons responsible for casualties in many of the countries participating in the war for the reason that they were not so classified. England, Italy, France, Russia, Germany, and the United States,
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8 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 however, tabulated gas casualties separately, and these are shown on the table. The figures quoted by Russia and Italy are not authentic. This is especially true of Italy, whose report shows that, although her army suffered but 13,300 gas casualties, 4,627, or 34.7 per cent, died. From our knowledge of gas casualties it is apparent these figures must be in error. While Russia reports a high mortality from gas, it must be realized that the Russian Army encountered many severe gas attacks and a large percentage of the Russian troops had no masks of any sort and those supplied were of poor quality.
 CHAET NO. I
 CHABT SHCTrtSO TEE NUMBER OP MEH MOBILIZED BY COUNTRIES DtJRIUO THE
 WORLD HAE, NUMBER OP CASUALTIES I H EACH AND EXPBESSIHO GfiAPHICALLT
 THEIR PERCENTAGES.
 There is much uncertainty as to the number of gas casualties among the troops falling into the hands of the enemy, but from the limited information obtained there is no reason to believe that the casualties from gas among them were any greater than among those who were not captured.
 5. Description of German cloud (2).—In order to gain a true insight into the effectiveness of poisonous gases as weapons in the field familiarity with the different ways in which these gases were introduced, together with their limitations, must be had. This subject does not really come under this text, but the relation of cloud
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I L L U S T R A T I O N N O . I
 PLAN 0FADIVI5I0N IN ACTION SHOWING FRONT TO REAR DISTRIBUTION OF MEDICAL DPT.5TATION5 FOR TREATING 6A55ED CASUALTIES.
 UE6EW8 O BRTTHUOB AIOSTA.
 RE6TW0 STATION.
 EB C0LLECTIH6 STRTtON.
 MDDR5 MOiR BRT.
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 O AMBULANCE STfl.
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 E3C0LLECTINS CO.
 HOSPITAL CO.
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9 WORLD WAR CASUALTIES PROM GAS AND OTHER WEAPONS
 gas attacks to casualties is so important that a brief discussion of the subject will be made here.
 The American troops did not suffer from any cloud attacks of importance; therefore, all of our casualties resulted from gases being introduced by other means. The British suffered unusually heavy losses from cloud attacks during the first year of gas warfare. In order to better present this subject, mention will be made of an extensive cloud attack against the British during the early part of the war. This cloud covered an area of 21 square miles, and casualties were produced some 5 to 6 miles from the discharge of the gas. The attack was expected and took place shortly after midnight, the cylinders being discharged along a front of 3,500 yards. With the discharge of the gas, heavy artillery barrages were simultaneously laid down by the Germans. At the time of the gas attack, the wind was blowing from 9 to 12 miles per hour. Grass and vegetation were turned yellow by the gas as far back as 1,200 yards from the front line. Cattle and other animals were killed at a distance of 4,000 to 5,000 yards back.
 In spite of the fact that the troops were standing at arms in expectation of the attack, the men in the front lines received hardly any warning that the gas had actually been released before it was upon them. The hissing of the gas as it escaped from the cylinders was audible at some points of the line, but was effectively drowned by the rifle and machine-gun fire at other points. In some places the cloud was seen to rise as a sort of white mist. The number of gas casualties that occurred among the troops during this cloud attack was considerable, in spite of the warnings that had been circulated and the consequent readiness for the attack. In this attack, like in most, a large number of casualties also resulted from weapons other than gas.
 In an endeavor to show the effectiveness of this gas cloud, it is placed over one of our divisions in battle formation. From a study of this illustration, it will be seen that a large percentage of the troops comprising the division are engulfed in the cloud, which would necessitate the constant wearing of the mask. (See Illustration No. I.)
 The largest number of deaths from cloud attacks always take place in the front areas or advance aid stations. This is to be expected in attacks of this kind, considering the high concentration of gas and the rapidity with which fatal pulmonary edema may ensue after heavy doses of acute lung irritant gases.
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CHAPTER I I
 CASUALTIES IN THE DIFFERENT ARMIES
 6. Gas casualties in German Army (3).—Information obtained from the Germans relative to their gas casualties is meager. In a prospectus of the official German Medical History of the War, some data on this subject are published by Lieut. Gen. Otto von Schjerning, chief surgeon of the Medical Corps of the German Army in the field.
 It appears from this prospectus that the number of gas casualties was very low, especially during the early years of gas warfare. During the second year of the war there were 6,178 cases admitted to the hospitals, or 1.5 per thousand. During the third yeaf these figures increased to 19,164 admissions, or 3.8 per thousand. In the* fourth year, however, or mustard gas period, these figures jumped to 53,321, or 10.6 per thousand. The mortality from gas was 2,280, or 2.9 per cent. (See Chart No. XIV.)
 7. Gas casualties in the French Army.—Considerable difficulty has been encountered in obtaining reliable information from the French Government relative to the number of gas casualties occurring in the French Army for the reason that the French had never attempted to keep a compiled record of gas casualties. The following figures have been obtained, and, while not absolutely correct, they serve the purpose of giving a fair estimate of the casualties and mortality from gas in the French Army. According to the most reliable figures obtained, there were 190,000 men hospitalized from gas with a mortality of 8,000, or about 4.2 per cent.
 8. Gas casualties in the British Army (4).—To obtain a better1
 estimate of the losses suffered by the British as a consequence of gas warfare, two tables are presented. Table No. I I shows the gas period, methods of employing gas, gases used, and the nature of individual protection. Table No. I l l shows the number and nature of gas attacks, together with the number of casualties, deaths, and percentages from each. (See Chart No. XIII.)
 In studying these tables it will be observed that the different periods do not correspond with consecutive intervals of time, but are determined by the relative prominence of the particular chemical substances or offensive methods employed, and it will also be noticed that the different periods overlap one another to a considerable extent.
 10
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WORLD WAE CASUALTIES .FROM GAS AND OTHER WEAPONS 1 1
 TABLE NO. II
 Method of Nature of individual protection for Period employing Gas used our troops
 (1) April and May, Cylinders. Chlorine Nil at first; finally cotton waste respi1915 (6 occasions). rators.
 (2) May, 1915, to July, Gas shell.. "Lachrymators" o. g. Nil at first, then, in succession, cotton 1916. xylyl bromide. waste respirators, goggles, fabric
 helmets (Type P, P. H., and P. H. G.), a few large box respiratorsfor special units.
 (3) December, 1915, to Cylinders. Chlorine, phosgene. Fabric helmets; a few large box respi-August, 1916 (5 oc- rators for special units. casions) .
 (4) July, 1916, to July, Gas shell.. Phosgene, diphosgene, Fabric helmets at first; small box respi1917, "lethal" shell chlorpicrin, also lachry- rators introduced end of August, period. mator shell. 1916, issue complete early in 1917;
 N.C. container in August, 1917.(5) July, 1917, on- do Yellow cross (mustard Small box respirators.
 wards (mustard gas gas); green cross (phosperiod). gene, diphosgene, chlor
 picrin, in some cases chlorarsines); blue cross(chlorarsines large H.E.charge).
 (6) December, 1917, to Projectors... Phosgene Do. May, 1918 (16 occasions) .
 The actual number of gas casualties suffered by the British forces is given below so far as this can be done with the information at hand. These figures must be regarded as an underestimate as, with the exception of cylinder attacks between December, 1915, and August, 1916, data are not available regarding the number of men killed by gas in the field who were not admitted to Medical Units, the number of gas casualties captured by the enemy, and the number of slight gas casualties returned direct to their units from field ambulances.
 It is clear, however, that, with the exception of the earliest cylinder attacks, the number of casualties at present unrecorded is relatively unimportant.
 TABLE NO. I l l
 Total Deaths Total casual- per 100 deaths ties casualties
 (1) 6 cylinder attacks, April and May, 1915 *7,000 *350 (2) Lachrymator gas shell, May, 1915, to July, 1916. **? Nil. Nil. (3) 5 cylinder attacks, December, 1915, to August, 1916 4,207 1,013 24.0 (4) Gas shell, July, 1916, to July, 1917, "lethal" shell (phosgene, etc.) 8,806 532 6.0 (5) Gas shell, July, 1917, to November, 1918, mustard-gas period 160,526 4,086 2.5 (6) 16 projector attacks, December, 1917, to May, 1918 444 81 18.2
 Total 180,983 6,062
 * Approximate figures for casualties admitted to Medical Units only; many casualties died on the field or were taken prisoners.
 9. Cylinder attacks.—The casualties are underestimated in period (1), Table No. I l l , since there are no data regarding the number of men actually killed by gas in the field nor of gas casualties taken, prisoners by the Germans.
 .2083°—2& 3
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12 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 Though the cylinder attacks were the cause of a considerable number of casualties and of a very high mortality, it must be borne in mind, that in the earliest attacks the troops were absolutely unprotected, while in the cylinder attacks from December, 1915, onward protection was not so good as at a later period, since the small box respirator which was subsequently developed was superior to the fabric helmets both as regards absorbing power and ease of adjustment.
 10. Lachrfmator shell.—Detailed information is lacking for period (2), Table No. I l l , but it is known that the casualties were small in number. While the lachrymators had considerable harassing power they caused neither serious casualties nor deaths, and any men who did report as casualties were able to return to duty with little delay.
 11. Shell containing the lung irritant gases {phosgene, chlorine, chlorpicrm).—Though the harassing power of these shell was of considerable military significance they did not cause a very large number of casualties during the period (4), Table No. I l l , and the mortality among these casualties was not high. There is no exact information as to the relative number of gas shell fired in each of the two periods (4) and (5), Table No. I l l , but it should be noted that the tendency during the latter period was to concentrate bombardments onto definite areas, whereas in the former period the much less effective method of scattered shelling had been frequently employed. As, however, at least 80 per cent of the casualties during period (5) were caused by mustard gas, the casualty-producing power of lung-irritant gases can not be regarded as of a very high order in the case of troops with good gas discipline. The average period of invalidism of the casualties may be reckoned as about three months.
 12. Shell containing vesicant gas {mustard).—Of the different poisonous substances employed by the Germans, mustard gas has proved by far the most effective as a means of producing material casualties—i. e., casualties who remain unfit for duty for a considerable time, though the mortality among them is low. Any failure in antigas discipline resulted, however, not only in an undue number of casualties, but also in a great increase in the severity of the cases and in the mortality.
 It has proved possible by careful measures to get 75 per cent of the mustard-gas cases fit for duty within two months, but in practice this period has been nearly always exceeded, and the invaliding power of mustard gas was therefore very considerable during the war.
 In 1918 mustard gas cases were of a more severe type in the summer months than in the spring, an effect in which the variation of temperature apparently played a considerable part.
 13. Shell containing chlorarsine.—Owing to the immediate irritant effects produced by the chlorarsines these shell had a harassing effect
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 of some value. The physical effects were, however, transitory and few of the men gassed became actual casualties. Those who did quickly recovered and the mortality was nil.
 Considering the great number of these shell that were employed they were on the whole remarkably ineffective weapons apart from their H. E. effect.
 The lung-irritant gases did not account for more than 20 per cent of the total casualties during the period from July, 1917, to the end of the war.
 14. Projector bombardments with phosgene.—These were few in number and for the most part on a small scale. They caused only a very small number of casualties, but the mortality among these approached that found in the cylinder attacks.
 15. Chart No. I I expresses graphically gas casualties shown in Table No. III . Analyzing this chart, it will be observed that during the lung irritant gas period, which extended from the beginning of gas warfare up to the middle of July, 1917, there were 20,013 casualties reported, as expressed by the short wave. During the vesicant, or mustard gas period, which extended from the middle of July, 1917, up to the end of the war, there were 160,970 casualties, as expressed by the long wave.
 16. Chart No. I l l expresses graphically the average time of death of British critically gassed with phosgene or mustard and who died in British hospitals from these gases. From a study of this chart it will be observed that the great majority of deaths from phosgene occurred during the first 24 hours. There were few deaths from mustard during the first few days, the largest number occurring on the fifth day.
 17. Places where casualties will occw.—Table No. IV shows the places where casualties will occur. All through the theater of operations, in the combat and communication zones, at mobilization camps hundreds of miles away, gas being transported there by means of large airplanes. They will also occur at reserve posts in the villages where troops are billeted and especially in woods, ravines, etc.
 18. Table No. V shows casualties in relation to weapons (1). As a result of the experience in the World War, it is estimated that gas casualties were on the average produced, roughly, as follows: 1 casualty for each 25 artillery shells discharged, the casualties occurring
 anywhere from seven to sixteen thousand yards 1 1 casualty for each gas cylinder discharged, the casualties occurring any
 where within the radius of the cloud 1 1 casualty for each 6 Livens projectors discharged, the casualties occurring
 within 1,500 yards 6 1 casualty for each 10 Stokes bombs discharged, the casualties occurring
 within 2,500 yards 10
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 CHART NO. II
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 CASUALTIES IN THE AMERICAN EXPEDITIONARY FORCES
 19. Gas casualties in the American Expeditionary Forces.—The first definite gas attack against American troops was a projector attack which took place on the night of February 25, 1918, in the neighborhood of Bois de Kemieres near Seicheprey.
 TABLE NO. IV
 m mvnwm GASCAWJMS WILL OCCUR.
 REGIMETALAREflS, BRIGADE AREAS.
 THEATRE J * DIVISION AREAS, CORPS AREAS.
 QPERATIOnfl ARMY AREAS. 'ADUANCE 5E.CTION.
 (C0HMVMKATI0N5, INTERMEDIATE SECTION. V ZONE ..DASESEaiOA.
 RESERVE POSSTIOfiS SMALL VILLAGES W O O D ! RAVIHE5. DEPOTS-DUMPS. RAIL ROAD TRAINS TRANSPORTING TROOPS. RIVER CROSSINGS. CROSS ROADS.
 The wind was blowing from the direction of the enemy's trenches at a velocity of 8 to 10 miles per hour, when at 1.20 a. m. the first discharge took place, being followed by a second one 15 minutes later. The projectiles used were 17.8 centimeter bombs without driving bands and contained a mixture of phosgene and chlorpicrin.
 It is estimated that from 150 to 200 of these projectiles were fired from two emplacements, one apparently just behind the- enemy
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16 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 second line and the other just in front, falling over an area of about 300 yards in diameter and extending back from our front line trenches over a large part of the Bois de Eemieres.
 Notice of this attack had been given by the noise of hammering and the increased activity behind the enemy line on this sector. The troops on this sector were warned and informed of the exact manner in which the enemy might carry out such an attack. In spite of this warning, there were 95 gas casualties.
 TABLE NO, V
 NUMBER OP (AMWUTIBS Tfi BE BII»Klt» PRfiM WEflPOWSflNDflPPUMCESUSEDlNTHE DISTRIBUTION O F W l f f l l 6A5E5-5M0KES. 1TOZ5. ARTILLERY SHELL. 7 
 T YPEBOMBS-A\/IATIONgTKfN 6 BOMB5-5MOKE. 0-6,000 YDS.
 1 H CYLINDERS GRENADES P |5
 250 " 1T°6. LIVENS PROJECTORS. 1,500 •• lTO10. STOKES MORTARS. 2.500 ••
 SMOKE CANDLES, O- 3,000 » SMOKE KNAPSACKS. 0-6.000 ••
 Investigation showed that these casualties were caused by general lack of gas discipline. It was found that the standing order that " Men will not remove the mask until ordered to do so by an officer " was absolutely disregarded by practically all units affected, and that fully 75 per cent of the casualties were due to the disobedience of this order, casualties which efficient training and discipline would have prevented.
 From that time on, American troops were subjected to numerous gas attacks, but the casualties were light until June, 1918, when
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 6,318 men were hospitalized from the effects of gas exposure. From June to October, the gas casualties increased very rapidly, the two largest months being August and October, during which months 36,289, or 51 per cent, of our total gas casualties took place. (See Chart No, IV.)
 20. Casualties in the American Expeditionary Forces from all weapons, showing number killed on battle field.—During the World War the American Expeditionary Forces suffered a loss on the battle field of 258,338 men, exclusive of the Marines. Of this number 34,249, or 13.3 per cent, were killed outright or died on the field before they could be removed. The remainder were hospitalized. (See Chart No. V.) The heavy black area shows the exact proportion of those who were killed or died on the field of battle; the white area the proportion removed to hospitals,
 CHAET NO. IV
 1 CHAM SBOWITO HUlfflm OF CASUALTIES BY MOUTHS KJHIWa THE WOBLD WAR, EXPHESS- I
 I N S GH1AFHICAU.T THEIR PERCENTAGES. §
 FEE PERCENTAGES EXPRESSED &KAPHICAILT , K MONTH HUMBEE CENT IX) 20 30 40 50 60 7D 80. 90. 100 £
 EE3BTJAHY 95 . . 1 3
 MARCH 635 .76
 APRIL 656 .93 1
 MS? 2,658 3.74 B JOHE 6,318 8.96 em JULY 9,945 14.10 BB
 AUGUST 11,939 16.92 OH
 9,948 14.10 WSSRm OCTOBER 24,350 34.51 H8BBS!
 U07EMBER 3,667 5.30 m TOUNOWlf 461 .65
 TOTAL 70,558 100.00
 21. Deducting the 34,249 men killed, or who died from injuries received on the battle field, from the total number of battle casualties, there remained 224,089 wounded men. These were removed to hospitals for treatment. Of these hospitalized cases, 70,552, or 27.3 per cent, were suffering from the effects of gas, and of this number 1,221, or 1.73 per cent, died (5). Of the remaining, 153,537, or 59.4 per cent, of casualties suffering from wounds produced by weapons other than gas, 12,470, or 8.1 per cent, died. Of those killed on the battle field or who died there, not over 200 were due to gas, as con
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18 WORLD WAR CASUALTIES FBOM GAS AND OTHER WEAPON'S
 centrations of gas sufficient to kill within 12. hours were seldom obtained. Adding these to the number who died in hospitals from gas, the total gas deaths would be 1,421, or less than one-half of 1 per cent of the total battle deaths. On the other hand, there were 46,519 deaths due to weapons exclusive of gas. These figures are obtained by adding the number who died in hospitals to those killed on the
 CHART NO. V
 ' f M M f i CHART MQWJN6 EXACT P N I N H N I Of (fl5VALTIt5 WHO DIED OH THE BATTLE fI ELD.
 battle field, showing that this class of weapons was responsible for 18 per cent of battle deaths. (See Chart No. VI.)
 22. Chart No. V, showing the disposition of war casualties in the American Expeditionary Forces.—To better present this subject, the distribution of casualties is shown graphically on Chart No. V, which is divided into 100 squares or per cent. These squares represent 258,338 battle casualties and their disposition will be made ac
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CHART NO. VI
 CHART WflWIM I X M T WQWRTIQNAt WiTMBUTION
 DIED OR Fl io man 4ON-GIUV
 200 PIC 5 0NTICI.P FI(0H6M
 86.7/ ^no5f •MIL! IIMRF R UnuL
 52 OR 27.32 153,557 0l\5 P
 roQ/OF THtS 0 'TMESt
 1221 DIC 12 470DIC1
 NOTE.—Of the total wounded in the World War, 72.62 per cent were wounds of the extremities and 27.41 of the trunk, head, and neck ; in the Civil War, 70.86 of the extremities and 29.15 of the trunk, head, and neck.
 The case mortality from gunshot wounds in the Civil War was 13.6 and in the late war 8.26.
 The largest admissions during any one month occurred in October (85,970) ; also the largest number of deaths as a result of battle injuries in October (5,684). The greatest number of wounded on any one day occurred on September 29 (8,358), and the largest number of deaths for wounds received on any one day was 418.
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 cording to squares. Of the 258,338 casualties, 34,249, or 13.3 squares or per cent, were killed outright or died on the field of battle, of which number but 200 were due to gas, which proportion is shown by heavy shaded area at the top of chart. The remaining 224,089, or 86.7 squares or per cent, were removed to the hospitals (indicated by red and green area). (See Chart No. VI.) Of the 244,089 casualties, 70,552, or 27.3 squares or per cent, were due to gas (proportion indicated in red); 153,537, or 59.4 squares or per cent (proportion indicated in green), were due to weapons other than gas.
 CHART NO. VII
 PERCENTA6E OF DEATHS. 13,691
 A. further comparison of deaths from war weapons is shown in Chart No. VI I .
 23. War photograph No. II of gas casualties following a heavy mustard gas oomfotMrdment occurring on one of the western fronts held oy the United States forces.—During this gas attack there were over one thousand casualties, many of which can be seen awaiting disposition. From our knowledge of the action of war gases on the individual and the mortality following, it is evident that of these casualties but two out of every hundred will fiie. Had they been
 2083°—28 1

Page 28
                        

2 0 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 wounded by weapons other than gas, 24 out of every hundred would die. Another example of the humaneness of the use of chemicals in war.
 24. Table No. VI battle casualties per thousand.—Experience in the World War showed, roughly, that the following percentages of combatants became casualties from all causes. In studying the chart it will be observed that the casualties resulting from gases were about 6 per cent, while those from weapons other than gas were 10 per cent;
 TABLE NO. VI
 • common-
 ABLE TO WALK 5 0 ; 50 CAWALTies TOM
 TRAN5F0HTATI0NMQ 50/o 6 1.5
 SITTING Ik 5. OF THESE.
 ABLE TO WALK 60 CASVALTIESFROM 3
 OF\ 100 •• 5!TTMQ $ 3.5
 TOTAL !6Q II.
 that of the gas casualties, 50 per cent were able to walk, 10 per cent required transportation in a lying position, and 40 per cent transportation in a sitting position. Of the casualties from weapons other than gas, 60 per cent were able to walk, 12 per cent required transportation in a lying position, and 28 per cent in a sitting position. Considering that the regulation ambulance carries four patients per trip and that each ambulance averages three trips per
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WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS 2 1
 battle, the number of ambulances required can be approximately estimated.
 25. Chart No. VII, a war chart showing the number of tattle casualties in the American Expeditionary Forces1 in the World War who were admitted to the hospitals in France; (6) the number and percentages of casualties caused by different weapons with percent-
 TABLB NO. VII
 MM5ER OF /WMLR OF NVttBER OF AVLRAGL 11 GAS OttV/ALTICS DEATHS DAYS LOST EACHCfiSE, §
 1UNKNOWN 33,587 546 1,252,974 37.3 11mCM\ f\U\HFlUnLUnlgiL 1,843 7 100,473 60,
 1 MUSTARD 27,711 599 27! ,993 46. 1 • j PflOSGENE 6,83*1 66 3!! .040 45.5J lARSINE 577 3 10,719 18.51 i 1 TOTAL 70,552 IZ21 2,937.199 41.61
 — 1
 ages expressed graphically, together with the total number of deaths from all weapons.—In studying the chart it will be observed .that although warfare gases were responsible for 70,552, or 31.4 per cent, of all casualties entered in the hospitals, but 1,221, or 8.9 per cent, of the total deaths in the hospitals were due to gas; while of the 153,537 casualties due to the other weapons, 12,470, or 8.1 per cent, died.
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 26. Total gas cases American Expeditionary Forces, gases responsible, together with days lost from each.—Table No. VII not only gives the total number of gassed cases during the war, but it shows the gases responsible for each, together with the number of deaths from each gas, the number of days lost, and the average in each case. In examining the chart it will be observed that nearly one-half of the
 CHART NO. VIII
 BfilBlBBHBlBlBBBBpBl wmamassm mmm a• • • massim m• • • • ISm CONSOLIDATE 0 CHART EXPRESSING GRAPHICALLY NUMBER 0F CASUALTIES PROM WARFARE GASES ANO ORGANFZATIONS FROM WHICH THE* OCCURRED, TREATED ] N HOSPITALS IN PRANCE.
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 SOTAI. '7Q55J
 EXCLUSIVE BEAD BATTLE FIELDS ,AHD CASUALTIES OF MARIHE CORPS.
 gas casualties were caused by unknown gases. Many of these cases were gassed by two or more gases at the same time, thus rendering it impossible to attribute the direct cause to a known gas. This is very important in arriving at a general average.
 Chart No. VIII expresses in figures and graphically the number of casualties that occurred in the different divisions participating in the war.
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 CAUSES FOR GAS CASUALTIES IN THE AMERICAN EXPEDITIONARY FORCES
 27. The introduction of gas warfare presented a new and ever-changing problem which bristled with many difficulties. In the early stages of the war the seriousness of this method of warfare was not appreciated by our forces and it was not until after the war had progressed several months tRat the increasing number of casualties from this method made the real gravity of the situation apparent.
 28. The general gas discipline and morale of the troops during gas bombardments were, as a rule, good. Usually proper gas alarms were sounded in ample time for the adjustment of respirators, but in view of existing conditions—dark night, exploding shells on all sides, unexpected attacks from the enemy, and the fact that the troops were worn out from many days of incessant fighting, throughout which they had little sleep and food—their physical resistance was lowered, rendering them susceptible to gassing. It must also be considered that many of the troops were scattered throughout areas, sleeping under arms, and during the excitement and darkness of night many of them were not awakened in time to apply their respirators; others had them knocked off due to explosion of shells, collision with underbrush, and other causes too numerous to mention.
 29. Many casualties occurred among the troops remaining in gassed areas; others became gassed by entering contaminated places, a problem which could not be avoided. Disobedience of gas orders, failure to remove contaminated clothing, eating of gas-contaminated food, and drinking gas-contaminated water also proved serious problems at times and were responsible for many casualties.
 30. Climatic conditions, time of the day, constant exposure to low concentrations of gas, lack of warning, and dugouts of faulty construction also played important parts in the causation of casualties. Too much emphasis can not be laid on the latter, as it is believed dugouts were responsible for a large percentage of our gas casualties. They were supposed to be gas proof where men could go for protection in case of an attack. The majority of them, however, were gas traps, rendered so in some cases by the entrance of men whose clothing was saturated with gas fumes. Some of the so-called gas-proof dugouts were simply holes in the ground, the tops of which were cov
 23
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2 4 WORLD WAR CASUALTIES FROM GAS AND OTHER WEAPONS
 ered by corrugated iron. (See Illustration No. III.) Others were established in unprotected cellars, with no attempt made to close their entrances. (See Illustration No. IV.)
 31. The following- extracts from a few reports of inspections made, American Expeditionary Forces, during the war are published to show the causes of many of the gas casualties. These extracts are given, not for the purpose of criticism, but to show the lack of preparation during the early days of the war. It was the policy of the medical division of the Chemical Warfare Service during the war to follow up all gas attacks in which casualties occurred. These investigations, when possible, were made by the medical director or one of his assistants. The object of these investigations was twofold: First, to ascertain the cause for the casualties, and second, to discover from a study of the gassed cases if the signs and symptoms indicated the use by the enemy of a new gas. These extracts from inspection reports show the effect of suddenly throwing troops into gas warfare without preliminary training.
 Eeport of Inspection of Division: Many soldiers and officers were found without proper gas protection; that is, the respirators either not in the alert position or no respirators at all. None of the dugouts were properly protected against gas; a few had thin cotton curtains rolled up. No first-aid appliances for treatment of gassed men were observed. On interviewing different members of the organization as to the methods they would adopt in case they were gassed few seemed to have any idea of the subject. They further stated that they had never received any instructions relative to this matter.
 The majority of those interviewed stated they would remove their gas masks immediately after the bombardment had ceased. As a result of the inspection of this division it is evident instruction work along certain lines had been sadly neglected, and, further, if the organization was subjected to a bad gasi attack, it is my opinion the casualty list would be very heavy.
 Inspection of Division: In the presence of the division gas officer several men were interviewed relative to instructions as to what to do in case they were gassed, and the information given was that they had never received such instruction. The majority knew when to apply the mask—few knew when to remove it. Although the masks had been used on several occasions for the purpose of instruction, no notation was made on the card.
 In the front trenches, several enlisted men were found without masks or respirators. Upon questioning the officer responsible he made the following statement: " I did not know it was obligatory to wear respirators; in fact, I have no box respirator and many of my men have none. I had a respirator but gave it to a member of my organization. I have tried on numerous occasions to get respirators but have not succeeded. Our organization has never received any instruction on gas!"
 On March 12, Regiment was visited in company with regimental surgeon. This regiment appears to be better instructed on the lines of gas than any before seen. Many of the men of the organization were found who had received the necessary instructions. At present there appears to be a mis
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 WAR PHOTOGRAPH.—A TYPE OF SO-CALLED GAS-PROOF DUGOUT USED DURIK THE WAR. DUGOUTS OF THIS NATURE PROVED TO BE GAS TR APS A N D W EF RESPONSIBLE FOR MANY GAS CASUALTIES
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 understanding as to who is responsible for giving instructions. Unfortunately, the men in this area labor under a severe handicap for the reason that they are associated with the French soldiers, who appear to take little interest in the gas question. As a result, many of the French soldiers were found without even masks. The effect of this laxness on the part of the French soldiers, has a demoralizing effect on our men.
 The result of inspection of Regiment, in which 19 officers and 405 enlisted men were gassed, shows the following: Many soldiers and officers were found without proper gas protection. None of the dugouts were properly protected against gas; a few had thin cotton curtains. Few of the men seemed to know when to apply masks or when to take them off.
 Inspection of battalion of Field Artillery, which suffered a heavy casualty list from gas. Statement of the major commanding: "The men in my organization were gassed, not because all precautions were not observed. Every possible precaution was carried out. The respirators were worn for several hours and in many cases were not taken off until the following morning. I am convinced that the men were gassed from the infected areas; that is, from undetected vapors or fumes still remaining in the vicinity."
 The conclusions drawn from inspection of Division, which suffered heavy casualties from effects of gas, are:
 First. The reason for the large number of casualties was due to no fault of the respirator, but to the premature removal of it.
 Second. That the prevailing atmospheric conditions were favorable to a gas bombardment.
 Third. That the reason for the large number of body burns is due to the amount of mustard in the air, failure to change infected clothing, wet clothing worn by the men, and the fact that they were permitted to lie or sit on the wet ground, which was probably affected by the vapors of mustard gas.
 From the inspection of the gas attack of it was found that a large percentage of the casualties resulting from this attack could have been averted had the responsible officers taken care of the men during the attack and made them appreciate the dangers connected with gas attacks, due to the fact that the officers had neglected to keep themselves informed of proper regulations and orders. There was a great shortage of clothing in this division, as a result of which the American soldiers were forced to don tne uniform of the French Army.
 Investigation of bombardment of Regiment, which began at 8.30 and lasted until 11.30 p. m., during which time 12,000 to 15,000 shells containing mustard gas were thrown over. The night was wet and the prevailing wind was from the east, shifting about midnight to the west, as a result of which men in the front-line trenches were caught unawares and gassed. It appears from this investigation that the principal reasons for this heavy casualty list were—
 First. Lack of gas discipline. Second. Lack of gas trench stores. Third. Unprotected dugouts. Fourth. Direct disobedience to gas orders on the part of some of the officials. As to the reason for the unprotected condition of the dugouts, the following
 statement was obtained: " The dugouts were not gas proof for the reason that it was impossible for the engineers, who were responsible for making them so, to obtain the necessary equipment. Numerous endeavors were made to have this work done, but unsuccessful."
 Inspection of Regiment: The gas discipline in the Infantry is» the poorest of any organization and is due to the incompetency of the gas
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 officer. This officer has not only failed to carry out orders but has disobeyed them.
 Inspection of Division, in which a large number of casualties occurred, due to the following:
 First. Lack of gas discipline and training were responsible to a large degree for the casualties.
 Second. The smell of gas and the characteristic burst of shell were recognized by a large number of men; therefore, the high percentage of casualties was not due to surprise.
 Third. The failure to appreciate the danger of low concentrations of gas and lack of understanding of the characteristics of mustard gas led to—
 (a) Delay in putting on protection. (&) Too early removal of protection. (c) Removal of masks at intervals during the bombardment. Inspection of Division: The severe bombardment by gas shell occurred
 early on the morning of June 4. The area of bombardment was about 2 kilometers long by 1 wide in a wooded ravine. The bombardment began at about 2 a. m. and lasted two hours, with 850 casualties. The result of this investigation is as follows: The large percentage of casualties was due to lack of proper gas discipline and gas morale; delay in applying respirators and their promiscuous removal; relying on poorly constructed dugouts; failure to awaken sleeping men.
 Extract from report of inspector general of Division: The gas morale in this division is very poor and it is my belief that if this organization were ever subjected to a bad gas attack, there would undoubtedly be a large number of gas casualties. I have observed many men as well as officers in the front trenches without masks. Dugouts were protected by thin cotton curtains or curtains made of gunny sacks. The men were made to believe that these dugouts furnished protection against gas.
 Report of gas attack at : Many men were gassed in an old unused barn or mill, which was in the midst of the gassed area. Following the bombardment the men entered this place, removed their masks, and laid down, to rest on the gas-saturated hay covering the floor. All of the men stated that the odor of gas was very strong at the time, but inasmuch as their officers were present without masks they thought the place safe.
 I t is to be regretted that time prevents the furnishing of more e:as data of this nature, for it is believed examples of this kind will serve the purpose of showing the necessity for constant preparation and training along these lines.
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