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Medical Division Report No, 103, WP Casuslties at Blgewood Arszenal, Maryland,
1945

ABSTRACT
QBJECT..

The present investigation was undertaken to evaluate the WP burn in a
serieg of human patients received from WP loading plant accidents at BEdge-
wood Arsenal, Maryland.

RESULTS.

1. A report is presented on twenty-seven casualties with WP burns and

four casualties with respiratory tract injury due to inhalation of WP smoke,

s resulting from four accidents in plants processing WP munitiones at Edgewood
Arsenal, Maryland,

.

2. Nine patients were dead on arrival at the station hospital as a

result of third degree burns of 90f or mpre of the body surface in each case,
Eighteen patients with WP burns were admitted to the hospital. Three of
these patients with third degree burns of 35% or more of the body surface
died within nineteen hours after admission to the hospital. The remaining

. fifteen patients swvlived, Four of these had third degree burns of 8-19% of
the body surface, in addition to secand degree burns, Eleven of the
patients had bums of 5% or leass area third degree.
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3. Four patients sustained laryngitis and tracheobronchitis from
inhalation of highly concentrated WP smoke in & small room, Two of these
patients had residual hoarseness eight months following injury,

4o+ ZLotalled data on blood and urine chemisiry, hematology and
bacteriol gy of wounds are presented on six of the severely burned patients,
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5. Two patients with 8-15% third degree burms developed massive hemo-
lytic reactions of unimown etiology about twenty-four hours after injery,
lasting about meveniy-two hours. Both pationts raceived intravenously one-
sixth molar sodium lactate to maintain alkalinity of the urine, as well as .
multiple transfusions. Both patients survived with no demonstrable renal 3

D
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6. There was no evidence of systemic injury due to absorption of

wnburned WP,

7. The ¢linical course and response of the burned areas tc applicat!
of skin grafts did not appear in any way different from that of the deep
third degree thermal burn,

1
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CONCLISTONS .

1, First aid treatment with 5% copper sulfate solution followed by
careful debridement of the burned area iz essential in order that unburned
: WP pay be removed,.

. 2, Any lacerated wounds should be carefully debridel to remove
possible deeply embedded marticles of umburmed YP,

: 3. Aside from the above first ald measures, the treatment of the
: WP burn in the human being is the same as that of any thermal burn of
similar severity.

'- RECOM{NDATIONS.

None, *
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Medical Divisian Report No, 103, WP Casualties &t Edpewood Arsenal, Maryland.
1945

I. DNTRODUCTICN,

AL A AT g

A. Object.

The present investigation was underteken to evaluate the WP bum in
a series of human patients received from WP loading plant accidents at
Bdgewood Arsenal, Maryland.

B, Authority.
Authorized by the Chief, Chemical Corps, under Projaect D 8.1,
Prevention and Treatment of (bemical Casualties, le C Research and Develop-
ment Program for FY 1944-46.

II. HISTGPICAL AND THEORETICAL.

In the WP bum there is a question as to whether unburned WP was
absorbed through extensive surface burns in quantities sufficient to pro-
duce systemic damage.

The rate of healing of WP bums &nd the ability of the tissue bed to
recelve skin grafts as compared with thermal burns has also been questioned.

The series of accident cases reported here permitted study of these
queations in humen beings,

ITINP_BURN CASUALTIES.

A. Source of Casualties,

Between 17 May 1945 and 21 July 1945, there were four accidents in
plants handling %P munitions at this station, As a result of these acci-
dents there was a total of 27 casualties due to burns, 9 people being dead
on arrival at the station hospital ard 18 requiring hospitalization for
burns of varying severity,

1, The first accident occurred on 17 M.y 1945 when a rifle grenade,
charged WP, expleded during packing. Oue person received 10¥F (5% third
degree) burns. A second persan received a 20% burn (1% third degree), and
wae severely injured.

2, The most aerious accident nccurred on 25 May 1945 in Bldg. 509,
where there was an assembly “ine for igniters, explosive type, incendia:j
gasoline tank (WP)M 13, Aipproximately sixty laborers, mostly women, were
working in one large room, The assembly line was set up in the center of
this room, On this line WP-filled grenade bodies were fitted with
adapters, sesled with tar and painted, and C 8 Rl bursters were inserted
using an air vise, Apperently the initlal explosion occurred in the air
vise where adapters were screwed to the filled grenade bodics. The WP
flash from the functioing igniter apread flaming particles, caused
simu]taneous functioning of grenade bodies contalning exposed C 8 Rl
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bursters and & stockpile of unassembled C 8 R1 bursters awaiting
insertion into grenades., Eight women grouped Around the alr vise were
burned to death w! *hin ons or tw> minutes. One woman standing in front
of & tar pot was killed immediately when the molten tar was spilled.
Twelve patients were hospitalized with burns, and two of these died
within the first nineteen hours folloming the accidmt, Three patlents
were adinitted with laceratians. and one of these patients died four
hours after injury. Thirty-eight patients had minor injuries and were
trcated on an ambulatory basis.

3. The third accident occurred on 29 June 1945 in BRldg. 503.
Here there was also an assembly line for M 13 igniters, explosion type,
incendiary gasoline tank (KP). However, in this building the individual
operations along the line were compartumented. An igniter functioned in
cubicle seven while on the conveyor belt., Three women working at a seal-
ing machine in the cubicle were bumed. The igniter functimed after it
was placed inside the packing c¢ontainer, but before the 1id had been seamed
on., The cause of the explosion was apparently the sccidental arming of the
fuse M-154,

One of the patients died 19 hours after injury. Aanother
patient was critically ill but survived, and the third patient received
only minor bums,

4. On 21 July 1945, & rocket charged PRP functioned while lying
in a field outside Bldg. 90 E. A laborer passing by was hit by the
horisontal stream of liquefied flaming PWF a8 it squirted from the rocket,
He was severely burned but survived,

A detalled 1ist of the patients injured in each sccident is
appended. (Appendix I).

B. General Information.

1. Mortality.

A8 @ result of the four accidents 1€ patients were hospital-
ized with bums. Nine were dead on arrival at the hospital as the result
of third degree burms of approximately 90% of the body aurface.

Three of the eighteen patients admitted died as the result of
third degree burns of over 35¢ of the body surface, Two of these patients
died in shock, three hours and eleven hours, respectively, after injury.
The third patient died nineteen hours after injury, a delayed death due
to the as yet unknown physiological-chemical factors acting in these late
post-burn deaths, Seventeen hours afler being bumed she passed rapidly
into deep coma. Respiratims suddenly ceased with the thorax in inspira-

tory position, while the heart continued to beat for about 10 seccnds,

Four patients with 8-19% third degree burns, plus additiongl
second degree burne survived, Eleven patients with bums of 5¢ third
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2, Treatmant,

&, First aid. All WP burns were thorcughly wet down with
54 copper sulfate at the site of the accident.

b, Hospital Treatment. On arrival at the station hospital
the towels anml compresses over the burned areas were kept wet down with
5% copper sulfate while patients were awaiting debridement and applica-
tich of dressings. Debridement consisted of removing all loose skin and
particles of unburned WP with forceps and scissors, The Lurmmed areas
were then dressed with petrolatum gauze and thick roll bandage.

Morphine was given in dosages necessary to relieve pain.
Wherever indicated, plasma and physioicgical saline sclution were given
intravenously for the prevention or treatment of shock. The twu
patierts dying in shock recelved 1500 to 2000 ml, of plasma and 1.500 mi.
of saiine intravenously. The severely burned patients were unable to
tolerate fluids by mouth in large amouwnts because of nauses and some
vomiting. When indicated, whole blood was given early in the clinical
course to combat anemia, Additional salt was given in the diet and
parenterally to maintain normal electrolyte balance, In addition, one-
sixth molar ssdium lactate was given intravenously where needed to mair—

tain an adequate alkali reserve.

A1) patients were on a high vrotein diet with additional
vitemin B complex and 300 mg. of ascorbic acid daily. Two patients with
severe burns were given one gram of ascorbic acid dally for the first
week, Food was not f.rced in the early post-burm periocd when the patient
was unwilling t¢ eat,

All patients received 200,000 units of penicillin irtre-
musculariy dajly for the first two weeks cf hospitslization, or as long
thereafter as irdicated by the presence of open wounds, Two patients
had extended penicillin therapy in higher dosage because of the coineci-
dentel presence f syphilis, Five patients began tc run fever, and ae
developed lymphadenopathy in the nodes draining the bumed area, during
the second week after the bum, In the wounds of tnree of these
patients organisms of the colifovrm group, B proteus and pyocyaneus
groups were cultured, These organisms, tested in vitro, were able to
destroy fairly large amounts cf penicillin, 1his vould preiecl palhogens
in the wound which would normally be inhibited by penicillin, This
phencmenon has been reported recently in detail in & series of 80 cases
by Yeleney (1), Upon stcpping administration of penicillin and giving
cral sulfadiazine the fever and signs of inveding infection subsided.
Peteils of the bacteriolegical testing may be found in Appendix IV,

A1l patients were given tetanus antitoxin, 1500 units intra-
musculerly, on admission to the hospital., Patients with severe lacera-
tions and marked muscle destructio received 20,000 units of mixed gas
bacillue antitoxin in addition,

The criginal dressings were left in place for the first nine
days., The wounds were then redressed at intervals of 7 to 10 days as
rejquired by the condition of the individual wounds, Separating slough was
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renoved with forceps and scissors at the time of dressing, 0Oily petro-
latun and gauze dressings were used throughout,

As soon 8s tae third degree sreas shomed clean granulations,
skin grafting was begun using the Padgetlt dermatomse technique for all but
very small areas. The latter were covered with pinch graf%s. Shin gralt-
ing provedures, in all but two of the patlents, were perforued at the
Hogpital of the University of Johng Hopkins by Dr. Henry N. Herkins.

C. Results.

Detailed case histcries, photographs &nd tabulatias of data for
individusd patiente may be found in Appendix I, In addi*ion, data on the

severely injured patients has been represented graphically for ease of
comperison in Appendix ITI.

1- !kimtvolog! .

The patients with burns of 10-15% or more of the body surface
all showed a leukocytosls of 20-30 thousand white cells during the first
week or ten days, By the end of the second week the white blood counts had
returned tu near normal, Differentisl counts showed & predominance of poly-
morphonuclesr neutrophiles during the elevaticn of the white cell count.

In addition there was a transient slight increase in eosinophiles up to
3-5%, appearing in the period between the sixth and twelfth dayse. This
fact has been noted in the case of thermal burns before, butl, the signifi-
cance is unknown (2).

Hemoglobin levels dropped from three to five grams below
nomal in the severely bumed patients, One patient (Case No, 3-1945 S.R.)
wes admitted with a marked secondary anemia due to prolomged mencrrhagis,
Her red cell count was 1,8 million on admission, Thie responded to
repeated transfusims, and after & level of 12-13 grams per cenl of hemo~
globin was established, the patient was able to maintain her own hemoglobin,

Two patients (Case No, 31-1945 W.M.P. and Case No, 33-1945 L.J.)
developed & massive hemolysis 20 to 21 howrs after injury. Their hemo-
globin level drcpped from around 15 grams on admission down to 5-E grams
two days later, Reticulocyte counts rose to about 5% for seven to twelve
days after these episodes and then returned to normal after the patients
had been repeatedly transfused, Both these patients shiwed 8 sickling
irait when their venous blood was equilibrated with 100% carbon-dioxide.
These two cases are discussed in more detail in section TV.

Fragility of red ceils in three of the patients showed a
slight increase during the first three to fow days after the burn, but
this rapidly retumed to normal by the end of the first week.

hHematocerit readings showed relatively slight degrees of
hemoconcentratia:,
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2, Blood Chemistry.

a. Nitrogen. Serum protein levels varied hetween 6.C and
7.5 gn. per cent. The lover values appeared after the first week in the
severely burned patiente with large grannlating areas.

Plasms non-protein nitrogen, with two exceptions, rose to
between 70 ard 90 mg. ver cent iu the first 48 hours immediately after
the burn and then fell to levels between 20 ard 50 mg. per cent during
the next two weeks in the severely burmed patlents who survived, In the
case of No. 30-1945 (V.H.) dying 19 hours after injury, the non-protein
nitrogen level rose to 275 mg. per cent., In all of the above cases the
plasma alpha amino nitrogen remeined normal, while the urea nitrogen level
rcse only slightly,

In the case of the two patients with massive hemolysis, (Case
No, 31-1945 W.X%,¥., and Case No. 33-1945 L.J.) the serum non-protein
nitrogen pettern was much different, Here the level of the non-protein
nitrogen was extremely high,running %o 290 mg. per cent and the alpha
amino nitrogen was Increased about ten times over the normal level., The
urea nitrogen rose comparatively little. Both of these putients survived.

b, Elecirvlytes. In general the serum sodium dropped to
about 120 meq./l. during the first six to eight days following the burr,
after wiich the level rose to 135-140 meq,/l. Serum potassium remained in
the normal range of 12-18 mg. per cent with the exceptian of the two cases
shcwing massive hemolysis. Here the level rose to 22-24 mg. per cent
during the period of hemolysis and then dropped tw normal wl thin one or
tvo days afier cessation of hemolysis.

In patients vath 10 per cent or more third degree burns
plasma chloride levels tended to be low, ranging fram 80 to 90 meq./l.
immediately following the bum, and remsining arcund 90-95 meq./l. while
there were large granulating areas of the burn uncovered by skin.

One petient (Case No. 2-1945 (P,N,) showed & marked lower-
ing of serum chlorides., She had sustained a 20 bum (12 per cent third
degree), showed little evidence of shock and wae relstively well mtil
the evening of the secand day. At this time, she began to show signs of
sexd-stupor and delirium, md her rectal temperature rose above 103°F.
A plasma chloride level of 34.2 meq./l. was reported on the third day by
the Station Hospitsl laboratery., Twelve hours later the chlorides as
determined by the authors in the Medical Division laboraztory were 50
meq. /1. and this checked with values obtained by the Station Hospital
laboratory on the same specimen, With the addition of 25-30 grams of
salt daily to her diet the chlcride level rose slowly to around
90 meq./1. by the tenth dsy. Symptomatically the petient showed improve-
ment on the fifth dgy, and her mental outlook became normal, At the time
of marked hypochloremje the plasma sodium aid carbon-dioxide content
showed correspondingiy lom levels {84 meg./l. and 15.5 meg./l.,
respe ctively),

c. Carbon Dioxide Content. The content of plasme ranged

betwreen 45 and 50 wvols, per cent (normal 62-65) immediately following
the bumn, but returmed to normmel within two to three days,

7

-

e e AL .. L.




?_z tlirubin. The level ranged as high as 3 mg. per
cent during the four days after the burn in the case of cne paiiaat,

but in general there wag little cr no elevation above normal ,

The excertions to this statement are the two cases with hemo-

iysis, Both showed serum bilirubin leveis of 35-37 mg. per cent immedistely

after the cessation of hemolysis, The levels dropped to nomsl by the
tvelfth to fourteenth day after injury. There was s corresponiing increase
in urinary urobilinogen during this time,

3¢ Urine Chemistry.

a. Nitrogen., Patients with 20-30 per cent or more of the
body surface bwmed shoned en incresse in urinary nitrogen output, ia one
case &8 high as 30 gm. per day. The greater part of this nitrogen was urea,
The twe patients showing mecsive hemolysis put out large smounts of protein
(5-24, gu. daily) during the perlod of hemolysis, Proteiruria was not noted
in the remainder of cases,

b. Electrolytes. Scdium and chleride excretion tended to be
nly slightly below normal, Potassium sxcreticn was usually somewhat high
during the first seven to ten days after the burn,

Tie potaseiux excretion of the two patients with massive hemo-
lysis was increased particularly during the period of hewolysis.

c. Arsenic. Arsenic excretion dropped to 10 to 20 gamua per
day for the first seven to ten days following the burn. Thereafter the
&rsenic axrretion in the urine was nommal, being between 60 and 90 gamma
daily.

This deternination wac made to rule out exposure to arsenic
wnder the conditions of the &ccident. In the course of the investigation.
the quesiion of posaiple arsine formstion during the burning of WP was
Taised, The plant-run WP used in there munitions ls extracted from phx »
phate rock which containe ersenic, snd the plarnt-run materisl mey at t.aes
cayry &8 much as 300 parts per million of elemental arsenic,

4. Type of Burn aud Application of Siin Grafis.

Two iypes of burn were 8zen in these patiete, The first wus
dus to burning of the clothing apd wes usuwally second degree. The second
was due to burning of WP directly on the skin., This resulted in a deep
third degree burn of all skin covered by the molten mass of WP. The skin
was pale and avascular and dastmyed down to and including the superficisl
perte of the dermls.

The two types of burn showed & clinical course similar to
ordinary thermsl bturns, In the case of the thlrd degree areas the thick
pleque of necrotie tissue hegan to underge marginal and basel autolysis
toward the ed of the first week, The necrotic tlssue separated cleanly in
about ten to twelve days leaving a bed of moderately thick granulatinn
tissue,
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Small isolated third degree bur.s up to about four inches im
diameter were excised down % healthy tissue on the 10th to 12th post-
burn day. Split thicknsss skin grafts were cut and sewn into place with
tlack 5ilk sutures at the same operation. In the cases with extensive
third degree areas, necrotic tissue was sllowed to seperate spontanscusly,
asslasted by some mechanlical debrlidement at the time of dressing., These
large areas were ready for skin grafting at about the 12th post-bum day,
The &reas were covered with multiple apllt thickness Pedgett dermatome
grafts,

In all cases the grafts took rapidly and well, At the time
of first post-grafiing dressing (5th day) the donor skin woe adherent and
the srea dry,

These patients were followed for ane year after injury. The
grafted areas exhibited the usual return of sensatlon in three to four
montha, Keloid formation wau minimal, being most marked in those patients
of the colored race,

D. Discussim.

1. Possible Absorption of WP with Production of Systemic
Phosphorus Poisoning.

The question of absorption of elemental phosphorus from the
bum site with resultant liver and kidney damage has often been raised,
A recent report from this laboratory, on phosphorus cantaining compounds
found in the skin following experimental WP tums, indicated that any
phosphorus remaining in the tissues was in the form of ortho-phosphate,
and as such was not capable of systemic toxic effects (3),

In our opinion none of these [ tients suffered systemlc
ffects due t0 absorbed wmbuimed WP, Serum bilirubin levels and quanti-~
tative bromsulfalein rstention studies showed no evidence of liver damage
(Appendix V), The high serum bilirubin levels reported in the two
patients showing hemolysis we belleve &re tha result of massive blood
destruction and not of marked liver damags,

1% hias been reported that patients with phouphorus poiaoning
show low blood sugar lavela and low marum calclum levels (4). Fasiing
blood sugsr levels in the sericusly injured patients were normal m
oeveral occasims, as wers the serun calcium levels,

Phosphate excretion in the urine was followed on the
theoretical besis thet an sbsorption of phosphorus-conteining compounds
night be followed by an increased phosphate excretion, Phosphate excre-
tion woved o be somewhat reduced rather than increased for the first
seven to fourteen daye following the burn.

There wers circumstances, however, in thig series of accldents
uwndor which absorption of unbumed WP was possible., Twe patients had deep
lacerations of neck snd arms end during debridement perticles of wnburned
WP were found deep in the tissues where they had been driven by the force
¢f the explosion, The British have reported a case of systemlc effects of
WP following a bullet wound, where an incandiary bullst lodged in peri-
renal fat tissus (5).
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2. RBevation of Flasma Nun-Protein Nitrogen.

In & series of human patients with thermel bums reporied
under OEMcmr 280 (6), it was noled that there was a rise in an
wmdetermined fraction of the plasma non-protein nitrogen, and that the
magnitude of rise was associauted directly with the severity of injury
and with the prognogis. No patient with an elevation of plasma non-
protein nitrogen over 100 mg. per cent survived,

In the series of cases reported here, there are several
examples of this phenomenan, but there are also two exceptions,

Case No, 3~1945 (S.B.) showed a rise of G5 mg. per cent on
the fourth day and then & drop back towards normal, The values remsined
somovhat elevated, however, while there were large areas of granulating
tissue uncovered by skin,

Case No, 30-1945 (V.H,) showed a marked rise to 370 mg. per
cent seventeen hours after injury and died nineteen hours after injury.

case No. 2-1945 (P.N.) showed & rise to 65 mg. per cent a
few days after the bum.

The two cases with maseive hemolysis reported here show a
much different picture. Case No. 31-1945 (W.M.X.) with a 15% burn
showed a striking increase in non-protein nitrogen with the onset of
hemolysis reaching 290 mg. per cent on the fifth day. Coincidentally the
plasma slpha amino acid nitrogen rose to 64.3 mg. per cent. Case No,
33-1945 (L.J.) showed practically the same picture, ‘

This differs from the plasma non-protein niirogen pattemn
seen following thermal bums in two respects. First, the rise in total
non-protein nitrogen is disproportionately high with respect to the
amount of bum. Secondly, there is & marked riss in the plasma alpha
smino acid nitrogen level in these two cases, while following the usual
thermal burn there is no increase in alphsamine acids.

Theee findings suggest two possibilitiesy first, that the
rise . n non-protein nitrogen is simply a non-specific indicator of
tiesue damage; or second, that there is a qualitative as well as
quaititative difference in the componeants of plasms non-protein
nitrogen following different types of tissus destruction. The rize in
plasma alphe amino acid nitrogen in these two cases is possibly due in
large part to the release of amino acids on breskdown of the
erythrecyte, The amino acid content of the normal erythrocyte 1s three
to five times &8s high as thet of the plasma,

3. Hemolysis.

Reference has been made in the foregoing portioms of this
report % two patients who :howed & curious type of hemolysis,

Both these patlents were colored people, 18 and 19 years of
age, respctively, who gave no evidence of blood dyscrasia in their past

10
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medical history. Case No, 33-1945 (L.J.) bad a primery luetic chancre

of one week's duration, Initlal blood and urine examinations showed no
evidence of hemolysis or homeglobinuria., Twenty to twenty-six hours after
injury they begmn t show hemoglobinemia and hemoglobinuria which per-
sisted in Case No, 31-1945 for eighty-eight hours, armd in Case No,

33-1945 for seventy-two hours, Flasma carbon-dloxide content at the onset
of hemolysis was about 50 vol, per cent, and intravenous one-sixth molar
sodium lactate was accordingly given to maintain the clkali reserve and

to insure an alkaline wurine. Methemoglobin in the blood was 6-10%,
intracellular for the most part in Case No. 31-1945 and extra-cellular

in case No, 33-1945, Upon cessatiomm of the hemolysis, plasme and urine
cleared rapldly of hemoblobin, Renal function ae tested by the ability

to clear para-amine hippuric acid was normal in both cases, Followlng
hemolysis, the serum bilirubin level rose to arcund 35 mg. per cant but
dropped back to normal within ten to twelve days followlng the injury,

The erythrocytes appeared morphologically nommal upon
exanination of the stained smear, Tests for the pregsence of auto-
agglutinins and auto-hemolysins in the patient's plasma, amd for
agglutinins and hemolysins in the pooled plasma given to combat shock,
proved negative,

In both cases it was possible to demonstrate a sickling trait
in the venous blsod upon equilibration with 100% carbon-dioxide.
Similar tests on other patients shored no sickling traits, Clinieslly
these patients did not show the characteristic chills, high fever and
swllen joints of the patients with a sickling crisis, We have no
explanation for this phenomenon at the present time.

E. Summnary.

1, A report is presented on 27 casualties with WP burns resuit-
ing fropm four accidents in plants processing WP mmnitias at Bdgewood
Argenal, M. ’

2. Nine patients were dead upon arrival at the Station Hospital
as the result of third degree burns of 90% or more of the body surface in
each case. Elghteen patients with WP bume were admitted to the hospital.
Three of these patients with third degree bums of 35¢ or more of the
body surface died within 19 hours after admission to the hospital. The
remaining fifteen patients survived, Four of these had third degree
burna of 8-19% of the body surface, in addition to second degree bums,
¥lever. of the patients had burns of 5% or less area third degres,

3. Detalled data are presented on six patients who were most
severely burned, Two of the patients developed an as-yet-unexplained
mASsivs hemolytic reaction about 24 hours after injury and lasting
around 80 hours,

4e There was no evidence of systamic injury due to absorption
of wburned WP through the burned areas,.

5. The bum cases follomed & clinical course indistinguishable
from that of the usual deep third degree thermal burn,
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RESPIRATORY COMPLICATIONS,

ST m—y: TR e

s

A. General gituation.

When the gecond in this sarics of aceidents occurred in Bld
509 on 25 May 1945, there were sight #omen in the washroom of the
building at the time of the accident. The washroom opsned into the
large assembly line room st a point &bout fifty feet from the air vise,
Four of the wemen escaped immediately and vuffered no injury. The
remaining four were trapped in the warhrcom for fifteen to twenty
minutes until the fires were extinguished end they were able to escape.

o
(24

OV

The smell room quickiy became filled with smoke which was
variously described as dense, white, grey and black, The patients could
feel the intense heat cof the fire in the adjoining factory, and some
were spattered by debris from the explozions,

In no instance was there loss of conscicusnesa, and they were
able to valk out of the building once the fire was under control.

B. Symptoms on Amission to Steticn Hospital.

A1l of the four patlents who remained in the washroom developed Q
respiratory symptcms. They reported tne prompt onset with varying .
severity of a choking sensation, a feeling of suffocation, a sense of §
tightness in the chest, cough, expetoration of tenaclous sputum and a !
soreness in the throat, Two matients were hoargse., OUne patient had WP .
spatter bums of winor nature, There were no other complaints, i

C. Puysical Findings on AMnmission tc Statim fbopitel,

The physical findings were generally the same in all four
patients, tut varying in mt.ensity, They were restless, anxious,
distressed by cough and non-frothy expectoration; two were moderately
short of breath and hoarse, There was no instance of cyanosis,
orthopnoea or distension of neck veins. Thers was no injeciiam of the
corneae, sclerae or mucous membranss of the nnss,. mouth or pharynx.
Respirations were regular, moderately rapid and not shullow. Chest
expansion was not limited, Numerous sitilant ar. Sonorous rales were
heard throughout the lung fields. Otherwise the laimrs were normal. The
remainder of the physical examination was nommsl save for minor bruises .
or spatter burns, N

D. Discussion.

Detailed case histories are collectsr” - spuendix VI. Grephic
representation of data, and chest x-rays ar- .oliected in Appendix VII.

Although the respiretory tract injury in theye patients cannot
be ascribed solely to KP smoke, 1t seems fram the neture of the &ccident
that it was the predominent factcr. In addition %. the white phosphorus
there were other inflammable materials present frim :hieh irritating
products of combustlon may have arisen. However, .ieiinite data on
these materials are not available, The absence of Luins about the face

g e 1 A A vt e ==
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and upper part of the body indicates that the direct effect of the flame
vas not & factor in the respiratory tract injury, It is also noteworthy
that the sputum expectorated did not contain noticeable amounts of soot,
commonly described in respiratory tract irritation sustained during
conflagraticns,

The smoke of buming WP is composed of particles of phosphorus
rentoxide, which rescis xeudily with water vapor to form phosphoric ard
pyrophosphoric acids. In high concentrstions of WP smcke. it is
possible that not all phosphorue pentoxide is converted to phosphorie
acid by atmospheric waier vapor, Some of the pentoxide may react with
water vapor in the regpiratory tract producing loesl injury by the heat
of this reaction, as well as by the local irritunt effect of phosphoric
acids,

Extensgive field trials and combat experience with WP munitions
indicate that the concentrations of WP smoke ordinarily obtazined in the
field are non-irritating and non-toxic, However, laberatory studies in
men exposed in a gessing chamber to concentrations of white phosphorus
smoke consideratbly le ss than the maximum assumed obtainsble in the field
(1 rg./1.) indicate that three to fifteen-minute exposures are tcxic as
well as irritating (7). The observers in these chamber experiments
developed soreness and tightness of the throat that was aggravated by
talking for even 2 few minutes., They also experienced tightness in the
chest, cough, increased nasal discharge and a bromchitis which, in some
instances, lasted three %o fow days.

The casualties of the WP explosions exhibited similar but more
severe symptoms, The observations mede in these patients indicate that a
high concentration of WP siwke mey develop quickly in a reletively closed
space and produce immediate casualties from respiratory tract injury.

A fairly definite pattemn of respiratory tract injury in these
patients may be found by assembling the clinical, laboratory snd rcent-
genographic data,

The prompt partisl symptomatic relief from respiratory distress
in Case 1-C.J. end Casc¢ 2-5,E, upon subcutaneous administration of
adrenalin shortly t’ter admission indicates the presence of bronchiolar
constriction. PBovh these patients were hoarse and exhibited erythema and
edemn of the larynz &aid vocal cordse Injury apparenily extended well down
the bronchial tree zince the »etients expectorated bronchial casts
(Fig. 1 A, Appendix VII). Microscopic examination showed that the casts
contained the necrotic superficial layer of bronchisl epithelium
(Fig. 1 B and 1 C, Appendix VII).

In both cases cnest x-ray showed patchy areas of infiltration,
These arsas cleared within five to ten days, whereas clinical evidence
of injury to the larynx,trachi¢s and bronchi persisted for a much longer
timg. There were no clinical or roentgenographic signs of atelectasis
or ephyseina which one mighi expect in view of the bronchial casts,

In Case 1-C.J, cocugh and expectcretion were 3o frequent and
intense during the first week that they interfered with ingestion of
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liquid and semi-sclid food, Both Case 1-C,J, and Case 2-¢,.E,
experienced some relief from coughing upon inhalation of oxygen by
n=sal mask (6 to 8 1./min.).

Injury may be limited to the trachea and bronchial tree, as in
Case 3-E.S, and Case 4-R.M, Theee patients were not hoarse, exhibited
nomal x-ray findings, but had numerous sibilant and sonorous rales
throughout the lung fields, sccompanied ty cough and expectoration for
several days, Both these patients wére less severely injured than
case 1-C.J. and Case 2-S.E,

It is interesting to note that nane of these patients exhibited
irritation of their eyes, nose or throat.

Hoarsenecss may persist long after other evidence of respiratory
tract irritation disappears. In case 2-S.E. the lungs were clear and the
cough and expectoration had subsided by the seventh day, but the hoarse-
ness did not begin to subside until the thirteenth dsy. The return of
voice is not yet complete, for the mtient has experienced intermittent
periods of hoarseness, occasionglly associated with a “cold®, during the
eight mmnths since discharge from the hospital,

In Case 1-C.J., the most saeriously injured in the group,
hoarseness has improved only slightly. Three months after injury it was
necessary to cut a band of scar tissue which formed across the anterior
portion of the vocal cords, Ehen seen eight months after the original
injury the patieni was just beginning to be able to spesk in & low,
husky voice.

Lipiodol bronckiograms performed cn the three patients in whom
there was reason to suspect the possible development of bronchiectasis
(Cases 1~C.J., 2-8,E., amd 3-E.S,) appeared normal, Bronchiograms wers
repeated six months after injury and were normal at this time as well,

There was nc clinical evidence of sysiemic absorption of WP or
phosphine by way of the lungs.

B. Sumary.

The case recomis sra presented on four patients who accidentally
inbaled white phosphorus smoke in & relatively enclogsed space for fifteen
to twenty minutes, These patients sustained respiratory tract injury
ranging fram tracheobronchitis te laryngo-tracheo-broncho-preumonitis.
Eight months following the accident the only sign of residusl damage has
been hoarseness in two cases,

V. CONCLUSIGNS.

1. First nid tregtmant with 5% oppeT sulfate solution foliowed by
careful debridement of the burned area is essential in order that

unburned WP may be ramoved,

2, Any lacerated wounds should be carefully debrided to remove
possible deeply embadded particles of unbwned WP.
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2., 4side from the above first aid measures, the treatment of the WP
burn in the human being is the sase as that of any thermal bum of
similar severity.

L T Y]
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Cese Number
17 May 1945

No. 1-1945 (B-C-;
NU. 2-1945 (P‘N'

25 Wy 1945

No. 3-1945 (S.B.
No. 4-1945 (S.H
No., 51945 (L.P.
No, 6-1945 (R.M.
No, 7-1945 (A.F.
No. 8-1945 (K.S.
No, 9-1945 (M.N.)
No. 10-1945 (S.J.)
No. 11-1945 (Q.Z.)
No. 13-1945 (K.C.)
No, 16-1945 (C.P.)
No. 17-1945 (C.C.)
No, 20-1945
thru
No., 28-1945

29 June 1945
No. 30-1945 gvv.ﬂ.)

3
)
)
)
)

No, 31-1945
No. 32-1945

4 July 1945
No, 33-1945 (L.Jde)

S.M.)

ML)

APPENDIX I
List of Patients Injured in WP Accidents.
Fr.c} & burn & third degree

10%
20%

408
5%

25%

Result

5% survived
12¢ survived
19¢ survived
2% survived
L% survived
1% survived
4% survived
3¢ survived
0% survived

K} 3 suvvived
1% survived
2% survived
45% died 11 hr,
60% died 3 hr.
90% died almst.

instantly.

35% died 19 hr.
8% survived
1% survived
15% survived
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i Case No. 1-1945 (B.C.)

This 28 year old colored girl sustained a 10% bum (5% third degree)
of the hands amd facs. She showed no marked systemic reaction.

Plastic surgery was necessary to repair the facial defects, par-
ticularly the third degrees spot bums of the eyelidc which resulted in
- contracturea,




h

Case No, 2-1945 (P.N.)

This 24 year old colored girl received & 20% bum (12f third degree)
involving both arms, both bregste and the abdomen. The areas on the
abdomen were particularly deor due to the ignition of a synthetic rubber
girdle by the flames, She showed little evidence of shock, and the _ :
higheat hsmatocrit reading was 43% o the svening of the first day., She i
remained relatively well until the evening of the second day, some 30 ;
hours after the burn, at which time she began to show signs of semi- -
stupor and delirium, Her rectal temperature rose above 1039F, On the i
morning of the third day her plasma chlorids vslue was reported as 34.¢
mEq./1. by the Station Hospital laboratory, 1In spite of plasma and
saline administration, her chlorides rose anly very slowly. On the "
evening of the third day plasma chlorides as determined by this laborstory
were 50 mIq./l., and this checked with values cbtained by the Station
Hospital lsboratory at the same time on the same sample, The plasma -
chlorides rose slowly over a period of seven days to around 90 mEq./1l. and
renained near this level. Fleama sodium and carbon-dioxide content showed
correspondingly low levels (8/ mEq. ard 19,5 mEq./l.), respectively: on
the third day. Symptomatically the patlent showed improvement an the
fifth day, and Ler mental outloock became normal, The plasme’ non-protein
nitrogen reached a value of 65 mg, on the third day unl declined there-
after to slightly above normal.

On the evening of the ninth day, the patient again showed a rise
in temperature to above 104°F., in spite of the continued administratiom
of penicillin., Wound culture ahowed the presence of B, pyocyancus,
Penicillin administration was stopped, snd sulfediazine administratim
started an the tenth day. The temperature and pulse siowly declined to
just above ncrmal by the fourtsenth day., Subsequent bacteriological
analygis showed that this organism wes capable of destroying moderately
] iarge amounts of penicillin in vitro. It is probable that this allowed
growth of pathogens in the wound which had previcusly been held in
check by the penicillin,

This patlent required fairly extensive skin grafting, uaing the
Padgett dermatome technique, A1) grafted areas healed satisfactorily
with the exception of the area on the upper lid of the left eye. Here
a contracture still prevents comnlete closure of the lid. An excision
of the scar and reapplication of a graft is to be done in the near
‘future, .
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URINARY NITROGEN CONTENT
Case No, %1945 (Po"o)

24 Hour
VYolume
in ml.

Non-Protein
Nitrogen
gre /24 e,

2,32
8.32
5.50
3.7%
9.94
4.82

10.79
8.05

1.92
8.05
6.84
.34
3.06
6.60
1.2¢
9.9
6.1
3.09

Urea Nitrogen
Qm,./24 hr.

1745
6.84
3.55
2,02
9.13
3.
8,50
5.86

11,76
5.77
4.07
2,30

422
0.85
6.16
3.2
3.04

h




Case No, 3-1945 (5.B.)

This 33 year old colored woman received a 20¢ burn (19% third degree),
involving the back ard both arms, as well as the back of the head and neck,
She showed remarksbly little systemic reaction to this injury. Plasma
chloride and sodium remained only slightly below ncrmsl during the immediate
post-burn periods, The plasma non-protein nitrogen rose to a peak value of
95 mg.% on the fourth day and then returned towards normal,

During the second. week she developed fever, and the wound culture
showed B. proteus in large numbers., She had been receilving penicillin
since the day of admission, The penicillin administration was stoppsd and
sulfadiazine was started. The fever subsided gradually from the eighth to
the eleventh day. This organism also showed the ability to destroy
penicillin in vitro.

The anemia shown by this patient apparently had existed for at least &
year prior to admlesion., It was a secondary anemia, on the basis of
menorrhagis, The patient was transfused repeatedly during the first ten
days after admission, and when a modersately high level of hemoglobin had
been attained, the patient was sble to maintain it when given orsal iron.

The thick leathery slough was separeted for the mcst part by the
fifteenth day, and multiple Padgett dermstome grafts were applied to the
granulating areas with excellent results., She has made & complete recovery,
and at the present time has developed no contractures,.
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PLASMA NTTROGEN CONTENT
Case No, 3-1945 (S.B.)
Day After  Protein Non-Protein Ure: Alphe Amino
Burn Nitrogen Nitrogen Nitrogen
g-"'-a,/ =‘€o / . / ilgo/
100" m1, 100 ml, 100 1, 100 ml,

(1)

(2) 72 30.5 18,0 6.0

gB; 5000 7-0 ¥

4 95.0

(5) 0.0 20,0 7.5

{6) 6.6 -
{7)

(8) 36,0 17.0 6.0

(9)
(10;
(11 7 oR .0 8.0 7.5
(12)
(13) 35.0
()
(15) )
(16) 7.3 40,0 15.0 6,0
(17) |
(18)
(19) 35.0 12,0
()
(1)
{22) 72 25,0 15.0
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INARY NITRO
Case No. 3-1945 (S.B.)

24 hour Non-Protain
volume Nitrogen
in ‘1. gq/u hr.
460 5.20
1200 2,82
1800 3.06
1820 0.44
1380 6,90
1830 5.83
2650 1,94
1875 9.20
A25 5.49
1588 4.84
2250 6.87
2170 447
X00 10,62
1800 4.83
1640 3.60
1300 6.04
1900 6.73
2580 6,92
2060 5.7
40

Urea Nitrogen
€n./2 hr,

3.88
T Re42
2.48
0.4
0.67
5.38
4425
1.90
7.33
4.85
446
5.22
i.32
10.16
1.26
2,00
4425
5+90
4442
4.78
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Case No, &"1945 (S.HQ)

This 38 year cld white woman received a 15% bum of the upper back,
both hands and the lsft arm. ALl areas were second degree save for a few
spots on the dorsum of the .:ft hand, The patient showed no evidence of
shock, There was moderate o ema of the bumed areas on the day after the
burn, This edema began to subside about thirty-six hours after the

. 4rye and coincidentslly with this the patieni showed 8 rise in

temperature to around 101°F, Her temperature fluctuated for the first

seven days following the burn, rising to 102.5°F. on the eighth dey.

Sulfadiagzine was started at this time, and penicillin administration was

stopped on the ninth day. The fever slowly subsided during the next five

days, Output of urinary nitrogen and electrolytes did not vary grossly *
from normal, Urinary phosphate output was somewhat decreased,

It was necessary to apply small split thickness grafts to the dorsum -
of the left hand. These areas have healed well,
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URINARY NITROGEN CONTENT
oAt NITROGEN CONTENT
Case Noo 4-1945 (S.H,)

o
O

""""" 24 Hour
Burn Volume
in mi,
(1)
(2) 1500
(3) 2000
(A 2200
éS 1920
6 2045
(7) 3470
(8) 3830
(9) 4170
(10) 3860
(1) 2470
§12) 2080
13) 2580
(14 1940
(15 2260
{16} 2550
(17 1325
(1 1310
(19) 3780
(20) 2640
(21) 900
(22) 1850

Non=Protein
Nitrogen
@5/24 hrl

4,03
3.90
4.8
7.0
10,00
8.90
8.88
8.2
9.88
8 040
6.34
6.97
5.80
4.98
3.1
455
4.85
7.37
5.8
1.0
540

Urea Nitrogen
gm'/24' hrv

3.57
3.30
3. 89
3.82
9.73
743
6.55
7.62
7.07
6.33
3.81
5433
3.78
2,62
0.61
1.75
4.08
714
4.20
0.91
3.39
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case No. 5-1945 (L.P.)

This 42 year 0ld white women sustained a 10% bum (4% third degree)
of the right shoulder, arm and hand, as well as small spot burns of both
enkles and legs., She developed quite marked edema of the face and right
arm 18 hours after the injury. This subsided sgtsrting thirty-:ix hours
after the injury and coincidentally with this the temperature rose to
101°F, The fever subsided gradusliy over the next four days. She shcwed
no evidence of shock. The small spot bums of the right hand and ankles
required the application of skin grefts,
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CASE No.5-1945-(L.R)
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CASE No0.5-1945-(L.P)
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Case No. 6~1945 (R.¥,)

This 23 year old colored girl received spot third degree burne of
the right forearm and both knees. The burns were not over one and one-
half inches in diameter but were third degree in depth and required
application of skin grafts, This patient also complained of respira~
tory embarrassment consequent to the inhalation of smoke. This aspect

of her case is discussed in more detail in the section on pulmonary
casualties,
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Case Ncr,\ 7’19[05 (A.Fn)

This 30 year old coloured woman sustained 5% burns (4% third degree)
[ of the right hand, left elbow and right breast, AlL three areas were
L anall in extent but deep and required the application of skin grafts,
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CASE No.7-
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GCase No, 8-1945 (M.S.)

This 30 year cld colored woman received & 7% bum (3% third degree)
of the left arm and hand, left breast and lefd side of the face. The
burne of the breast and fingers required application of skin grafts,
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case No. 9‘1945 (MQNI)

This 48 yesr old white woman received & secin’ degree bum of the .
right hand &d arm. No skin grafts were requireq,
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Casc No. 10-1945 (S8.J.)
an 8% bum (3% third degree)
&> ~

_____ A =hA~ o moad - da + Avy awmao frre b}'

of the left & and shouwlder and left side
four centimeters on the extemal aspect of
application of skin graftc,

W
ne 18C€, AN &res ICowr

Thils 50 year 0ld cclored wamsn received
~
the left elbow required

This woman was & luebtic with a four plus Kaln reaction. She showed
no evidence of leutic lesim s on physical examinatim and her bummed areas
hesled quite rspidly, e
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CASE No0.10-1945-(S.J)
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cape ﬁo, 1-2945 (G.2Z.)

This 58 year old white man received a 6f burn (1% third degree) on
the top of his heed and 2 spot In the inter-scepuler region of the back,

Only the bum on the back required application of skin grafts,

This man was afflicted with idicpathic epilepsy. He was very
allergic to all barbiturates and could enly be controlled on bromides,
As a result of the tendency towards pyodermia some difficulty wes
encountered in getting skin grafts +o heal, but & good end result was
obtainod.
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Gase No. 132945 (K.C.) | ]
This 19 year old white girl received an 8¢ bum (2f third degree) ’
involving both arms and & small spet on the back, A smsll area on the :
back and on the back of the right arm required application of skin grafts, :
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case No. 16~1945 (C.P.)

This 44 year old vhite woman received bums covering 50% (45% third
degree) of her body surfece, involving the body, both arms and the right
leg, In addition to the burns, she had a deep lacerstim of the right
side of the reck and deep lacerations of the right ferearm with
hemiation of the muscles from the wund., Within an hour after the
injury she entered a state of shock which did not respond to therépy.

In spite of the administratiaa of 2500 ml, of plasma and 2000 ml, of saline,

her pulse did not fall below 140. The extremsties remained cold wi th

light purple mottling of the skin, She remained mentally clear, although

restlees, for nine hours. She then became comstose and died with arrest

of respiration ten and ane-half hours after the accident, -




Csse No. 17-1945 (C.C.)

This 28 year old colored girl recelved & burn involving about 65%¢
(50-€0% third degree) of the body, The areas involved were both arms,
trunk, and one leg. The burned sreas on thé left side of the body were
80 deep that the bones were exposed, and the fingers of the left hand
were completely bumed away. This patient died three hours sfter being
injured, in deep shock, in srite of the administration of plssma,
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Case No, 0-1945 (V.H.)

This 34 year old colored woman received a 40% bum (35% third degree)
involving face and arms, frant of the chest and the left thigh and hip. :
She had had 2 154 WP burn of the laft hip and thigh aboui tmo years previously, :
She showed no gigns of severe shock but was given 2000 ml. of plasma as
well as saline smolution during the first ten hours after the burn., Her
pwlse remained below 102 per min. She put out about 600 ml. of urine in the
nineteen hours following injury. and Urinenalysis revealead no striking
abnormalities. She remained oriented mentally but became somewhat drowsy
during the last ten hours of life, ,

Ths plasma non-protein nitrogen rose to 120 mg.% six hours £{*er the -
burn and was 30 mg. 18 hours after the bum, The blood urea nitrugen at
this time was 22 mg.f and the alpha amino nitrogen 6 mg.¥. The patient
was completely rational and coopsrative at this time., She had )64 .
methemoglobin in the whole blood 15 howrs after injury. There was no
evidence of massive hemolysis in the plasma. The plasme chlorides ard
sodium wire somewhat low (85 mEq., and 120 mEq.. respectivelyh

Fifteen minutes before death, the patient suddenly passed into coma.
Respiratory action ceased suddenly in the inspiretory position.

Post-mortem exsmination grossly showed a liver samewhat tewny in
color, The kidneys were flabby but normsl in color, The brain showed
moderate edema., The remainder of the findings were normal .,

Microscopicallys

Lungs: Conslderable patchy alveolar edema with moderate capillary
hyperemia, moderate edema of the perivasculer and interlobular connective
: tissue, There were scattered macrophages within the alveoli., The bronchi
. and bronchioles showed no significant changss. A section of the trachea
; showed extencive desquamation of ithe lining eplithelium with moderate
submucosal c¢ingestion and infiltration with a moderats number of
lymphocytes, plasms cells and a few polymorphonuclear neutrophilss,

Heart: One section from the interventricular septum showed a limited 4
; ares of myocardial fibrogis at the apex, Other sectims showed no lesios i
‘ and the arteries were normal.

\ Spleens Marked congestion but otherwmise normal. )
| . . .

Iivers Scattered throughout all sections were numerous areas of focal .
necrobiosis, one or two in each lobule, averaging one eighth to one quarter .
millimeter in diameter, falrly well demarcatad, smd chiefly midzonal in
location, The cells in these foci had an eosinophilic or hyalin-staining
cytoplasm, with pyimotic or karyolytic, occasimally karyorrhectic nuclei.

There was no reactive inflammation, Most of the necrotic cells were still
in situ, but disintegration was beginning s tske place. The remaining g
parenchyma and bile ducts were normsl, !

Kidneyss There was marked cloudy swelling of the tubular epithelium,
especially of the proximel convoluted tubules, with fraying of cell
borders and granular material, a&s well as desquamated cells in the tubmlar

7




h

lumina. The distal and collecting tubules cantained many motein casts
@ad a few hemoglobin casta, The glomerull showed no change.

Adrenals: Normsal,
Ge Io Tractz Normsl,

Braing No significant histological changes.
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Case No, 31-1945 (W.M.X,)

This 19 year old colored girl received s 15% bumn (8% third degree)
involving both araus, a1 area of the right side of the trunk and an area
ou the lateral aspect of the right thigh. She showed no evidence of
shock, but was given 500 ml, of plasma and 1500 ml, of ssline solution
intravencuely in the first four hours after the burn, Because of
difficulty in voiding she was catheter®zed 19 hours after the burn, and
1200 ml, of clear urine were obtained., As she had not voided 2 hours later
she was again catheterized, and at this time 400 ml. of dark bloody urine
were obtained (22 hours after injury). The urine contained no red blood
cells or casts, but the hemoglobin content was about 0.1 gm, per 100 ml,
A blood sample drawn at this time showed massive intravascular hemolysis
was occurring. Carbon dioxide ccntent of the serum was 43 vols, § and the
whole blood hemoglobin was 13.5 gm. She was given intravenous sixth molar
sodium lactate to build up her alkali reserve, The hemolytic reaction
continued for eighty-cight hours, Urine hemoglobin output rose to 16 gm,
at 96 hours after the bum, 21 gm, at 120 howrs, and 24 gm. at 144 hours,
At 72 hours after the burn the hemalysis had reduced the blood hemogleobin
to 5.0 gm. and transfusions wers started, W®hole blood methemoglobin
reached 6.4 £ at 96 hours but decreased sharply thereafter., As can be
seen fram the accompanying graph (Appendix III), the major part of the
methemoglobin was extracellular during the first two days of hemolysis,
The hemolysis apparently stopped sharply about 108 hours after injury
(thus lasting 88 hr.). A specimen of urine at 108 hours contained hemo-
globin in large quantities, while a specimen at 109 hours, was clear
yellow and contained only a trace of hemoglobin,

After the infusion of an additiomal 3000 ml., of whole blood the
patient was able to maintain her own hemoglobin level, Quantitative
bromsulfelein test showed no evidence of liver damage the day after
cessation of hemolysis. Para-aminoc hippuric acid clearance was also
normal, indicating the absence of any marked grade of renal damage.,

During the period of hemrolysis the plssma non-protein nitrogen rose
sharply, reaching 290 mg.¥ 100 hours after the burn. Coincidentally,
there was a marked incresses in alpha amino nitrogen from a normal of 6,0
ng.8 to 64 mg.%. Urea nitrogen was only moderately increased, reaching &
high level of 28 mg.%.

There waz some slight increase in fragility of red blood cells for
three days after the bumn, but thereafter the fragility was found to be
normal . After equilibration of the patient's blood with 1004 carbon dioxide
for six hours, it was possible to demonstrate sickling of the red blood

" cells , Tests for suto-hemolysina and agglutinins, as well as for
~agglutinins and hsemolysins in the plasma given the first day, proved
negative,

The finding of the sickle cell trait is thus the only abnormal hemato-
logical finding. A detailed history from the patient and her mother
revealed no mrevious episodes of hemolysis or any illness identifiable as
a sickle cell crisis, The period of hemolysis reported here was not
typical of sickle cell crisis in that there were few, if any, systemic
mamifestations seen. There was no swelling of jolnts, chill or high
fever. There 1s & possibility that there may be some connection between
the sludging of red cells in the peripherel capillaries followirg a burn
ard the sicﬁle cell tralt in producing hemolysis seen here, hut %here is no
positive evidence for this. 77
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FLASUA NITROGEN CONTENT

Gase No. 31-1945 (W.M.w.)

|

Day After Protein Non- Urea
Bum Protein Nitrogen
Nitrogen
gm"/ mgc/ mg'/
100 ml, 100 m1, 100 ml,
(1) ',0‘:' 13‘0
(2) 7.0 50 (0800) 15.0
120 (1900)
(3) 6.8 230 15.0
(4; Go7 270 26,0
(s 6.9 290 28.0
(6) 7.0 75 19,0
g7) 35 15,0
8) 6.5 40
(9; 45 1z2.0
(10 6.5 43
(1) 38 14.0
(12) 35
513) 6.8 32 1.0
(1) X
83
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Case No, 31-1945 (W.MW.)

24 Hour
Volume
in mi,

1175
1408
2875

- 4430

3655
3000
1700
3000
2700
4030

2130
11\1 "~

2510
2623
2623
2320
1550
3350

780

2210

2280
<2370

Non-Protein
Nitrogen
gn./2l. hr.,

12,1
7.04
n.23
15.07
12,62
9.15
8.69
8.10
8,58

13,26
3.00
8.55
8.55

10.00

10,00
5.75
8.3
8.3
4 .69
4.69

Rk

83z88vbars

CHOoONNWULNIO®

7.28
7 .28
4470
6.07

85

Urea Nitrogen
gn. /24 hr.

8424
6,57

2929998
EEEINY 18t

B8BRE38

QWWmm
* e @ . e

¢ s e & . .
ST SBREERSY

POV HERESWENWOW
-

=

4.55

T et e




98
ol 6y S*ot (s1)
8°S 29°¢ o' 1t (1 (o)
gL Y 8* ot (er)
T°L 0y 8°0T €€ (zv)
z'6 74k 4 0°0T (1 (1)
6'T (4 9% 8%%6T &M°¢ o't 114 {oT)
z'2 z 4 /A L°€T L6°€ 8°6 € (6)
'€ V4 9z 6L 8°0T g*v 9°01 € (8)
gy 4 € e So*L oz*Y g*6 o€ (L)
9°g T zz L 9 Vaad 0°0T 1€ (9)
180°] T 9z €4 $°¢sT  6'¢€ 06 8z (¢)
§%% (A A 9z oz'z FAL zZ (")
9 T zz L e 85T 0°S oz (€)
0°¢ Lz 8 Z'er 90°¢ 0°01 113 M mw
T
*uoe NO Wa® o
Jod Jdod
pues uoy
-0yl - *w o0
3 ¥ % x STI0  oTTeD P 3 wmg
oo erdo  eryyd  e3ho 94ou  eymwdoa PoOTd  poord  upqord 3700 X9y
“OTPY -Utscg -os®d QUG —ydmAT “qnay *ITuN pay oW  —ewey Ao

("M°R°M) SY6T-TE *oN e8e]

X00TOLV/EH




o o b g,

FEXTRACELLULAR AND INTRACELLULAR DISTRIBUTICN OF

HEMDGLOBIN AND METHEMOGLOBIN IN WHOLE BLOOD.

Case No, 31-1945 (W.M.W,)

Cells Flasma
Hemo=- Methemoglobin Hemo-~ Methemoglobin
globin % em./ globin % gm./
gn./ 100 ml. gn./ 100 ml,
100 ml, 100 ml.
13.5
10,0 1.8 0.19 0,00 0.0 0.00
5.0 5e1 0.26 0.27 77.0 0.20
449 6.4 0.21 0.63 36.0 0.23
6.3 1.3 0,08 0445 10,0 0,05
10.0 0.8 0.08 0,20 0.0 0.00
11.1 0.0 0,00 0,12 0.0 0.00
11,3 0,0 0,00 0,00 0.0 0.00
HEMDGLOBIN QONTENT OF URINE
Time Volume Hemoglobin
4.8 gm. of
nitrogen
24 hr, 1408 2.0 0.33
24 hr, 2875 7.19 1.17
24 hr. 4430 16.4 2,68
24 hr, 3930 20,6 3.37
210 hre 3000 2403 3.97
24 hr, 1700 0.0 0.00

) N



Case No. 32-1945 (S.X.)

This 28 year old white woman received a 5% bum (1% third degree).
The bums were spatter bums of the hands and forearms, Only ome small
area three by four centimeters on the dorsum of the right hand required
application of skin grafts.
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Case NO- 33"1945 (LnJ.)

This 18 year old colored boy was standing in the direct path of the
discharging PWP, about fifty feei from the rocket as it lay on the ground .
He was enveloped in & cloud of buming material and stopped to brush the
buming mass from his legs. He received a 25¢ bum (15¢ third degree)
involving the anterior surface of both legs from mid-thigh downwards, beth
arms and the right slde of his face and meck. He was given 1000 ml, of
plasma a8 well as 1500 ml, of saline intravenously when he arrived at the
hospital, He showed only moderately severe hemoconcentration,

He had a penile chancre of e week's duratim which showed T,
pallidum on darkfield examinatim, Penicillin dosage was increased to
40,000 units every third hour for seven days because of this finding.

He showsd little or ro systemic reaction until twenty-six hours after
the accident at which time he began to show the mass hemolysis previously
described in case No. 31-1945 (X,M.W.) His serum carbam-dioxide content
at this time was 49 vols. §. He was given intravenous sixth molar sodium
lactate in order to msintain his alkali reserve, Hemclysis lasted
seventy-two hours and ceased suddenly as in the other case,

The blood methemoglobin reached 10.4% on the fourth day but dropped
rapldly with cessatim of hemolysis, The methemoglobin in this case was
almost entirely intracellular, Hemoglobin excretion in the urine was
slightly lower than in the other case, but reached 19,4 grams 90 hours
after the burn, Para-amino hippuric acid clearance several days after
cegsation of hemolysis was normal. Quantitative bromsulphalein liver
function test showed no abnormality.

Serum potassium reached a peak of 23,7 mg.% on the third day.

As in Case No, 31-1945, there was a very marked rise in plasma non-
protein nitrogen, reaching 328 mg.% 36 hours after the bwn. This was
accompanied by a rise in the plasma alpha amino nitrogen reaching 74.4 mg.%
on the 4th day while the urea nitrogen varied only slightly from normal,
There was a very marked increase in urinary non-pretein nitrogen
paralleling blood destruction,

Serum bilirubin reached 34 mgm.% 104 hours after the burn ard
dropped to normal by the tenth day, Urinary urobilinogen excretion
paralleled this change.

Hematological investigation revealed a rather marked sickling trait.
The patient and his family both stated that he had never been ill up to the
date of injury, The remainder of the hematological tests were negative as
in Case No. 31-1345.

His temperaturs rose siomly Lo 104°F. over the first week after the
burn, Sulfadiazine administration was started about 110 hours after the
burn and the temperatire returned to normal gradually over the next seven
days. Penicillin administration was stopped on the tenth day,

The remainder of his clinical course has been uneventful, He is under-

going a series of multiple Padgett dermatome grafts to cover the granulating
third degree areas.
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_)Rl ‘
PLASMA NITROGEN CONTENT ;
Case No, 33-1945 (L.J.) '
Day After Protein Non- Urea Alphg !
Burn Protein Nitrogen Anino C
y Nitrogen , Nit;ogen I
@.. "‘g=l ‘mgb lllg. :
100 =i, 100 rd, 100 ml, 100 ml,
(1) 63.4 12,0 6.0
(2) 6.3 3280 28,0 3.8 ,
(3) 289.,0 25,0 55.0
{4) 6.0 85.0 (0800 hr,) 22.0 o
45,0 (2000 hr.) 31.9 <
(5) 40,0 19.0 20.0 |
(6) 7.1 40,0 15.0 1.0 : !
(7) 6.3 45.0 15.0 8.0
fa) 6.1 50.0 16,0 6.0
9
(mg 7.2 - 45,0 .0 6.0 |
(12 745 50,0 18.0 6.0
(13) 4440 15.0
(1)
(15) 7 27.3 15.0 6.0
(16)
(17) 6.3 18,7 13,0
18)
9) 7e3 21,5 15,0 6.3 |
|
i
]
b i
y :
, :

e
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URINARY NITROGEN CONTENT
Case No, 33-1545 (L.J.)

24, Hour
Volume
in ml,

1270
4700
1900
7820
5270
5380
1940
1940
3000
2710
4100
2100
4200
2300
3100
3250

2930
2800
1730
1700
1850
2550
24,00
2350
2100
2100
1400

Non-Protein
Nitrogen
@0/24 hr'

98

7.27
10,80
10.43
17.27
22.88
17.70
11.83
1.83
15.79

9.3
13.00
13.83
25.22

9446

21.10
23.30
11,27
13.92
12.62
18.05
14,07

12,30
10,52
8.87

Urea Nitrogen
gm./24 hr.

6,47
8.03
8.81
14.02
20.23
17 '05
30.18
10,18
12,09
7.10
12,43
12.68
22.55
12,77
9.46
15.63

17,70
19,30

8,23
n.7
10.60
15.28
12.88
15.50
11,00

9.22

T34
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Day After

(1)
(3)

(4)
(5)

EXTRACELLULAR AND INTRACELLULAR DISTRIBUTION OF

HEMOGIOBIN AND METHEMOGLOBIN IN WHOLE BLOQD.

Hemo-
globin

gn./
100

17.0
15.0
9.0
8.0
8.5
10.0
9.5

HEMDGLOBIN CONTENT OF URINE

_ Time

Case No. 33-1945 (h.Jde)

Nethemoglobin

gm./
100 ml,

-

OO?OOO

-

CEIRE
cooooo
» Ll [ ] - .

-

SRBEIBY

Volume

1270
4700
1900
3460
4360
2470
2800

Flasma
Methemoglobin
gu./
100 ml,
0.0 0,00
10.0 0,04 .
23 19 0011
10.0 0.02
0.0 0.00
0.00 0.00
Hemoglobin
gm, gu. of
nitrogen
0,00 0.00
0.47 0.08
2.21 0.24
S84 0.86
3 118
6 0.52
0 lm

Sl ot il s ar g

- ) P

e
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APPENDIX III

GRAPHIC REPRESENTATION QF DATA
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URINARY ELECTROLYTE CONTENT
8 SALT INTAKE
(EXPRESSED AS MILLIEQUIVALENTS PER 24 HOURS)

CASE NO. 2-1945-(P.N)

200 MLLIEQUIVALENTS

180

./
100 % ]
[o] )

DALY SODIUM 8 CHLORIDE  INTAKE

i
g
3

SN

S0DIUM

POTASSIUM

CHKLORIDE

PHOSPMATE
300 MEQ.

280 _
2co -
- E

" w13 14 15 B £0 2! 22 23 24 £0 28 27 23 29 30 DAY

URINARY GCONTENT ~102-
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400

350

MILLIEQUIVALENTS

MEQ.

URINARY CUMTENT

[ URINARY ELECTROLYTE CONTENT

& SALT INTAKE

B/ EXPRESSED AS MILLIEQUIVALENTS PER 24 HOURS)

CASE NO. 3-1945-(S.B)

i 800iUM
g POTASSIUM

~106e

WP S SyP Y
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350

300

280

200

80

o

URINARY ELECTROLYTE CONTENT

&

(EXPRESSED AS MILLIEQUIVALENTS PER 24 HOURS)

MILLIEQUIVALENTS

i SODIUM

' B POTABSIUM

? CHLORIDE

/]

3 4
URINARY GONTENT

SALT INTAKE

CASE NO. 4-1945-(S.H)
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380

360

340

320

300

280

100

80

HiTROGEN

60

MILLIGRAMS OF
[
)

MILL{GRAMS

i
H
UNDETERMINED NITROGEN C
AMINO  NITROGEN ’
/j UREA NITROGEN
20 GRAMS
BN UNDE TERMINED NOK-PROTEIN NITROGEN ‘
[ ]
// //| UREA  WITROGEW . .
10 ' :

! 4 i

DAY AFTER BURN

CASE N0.30-1945-(V.H) ;
PLASMA NON-PROTEN  NITROBEN. URINARY NITROGEN.

<110~



I I A

CHLORIDE

[ scoun
r

Vg CARBON DIOXIDE

160 M EO.

¥aLnM

100

0
]
0
20

H43d  BINITVAINOITUN

ie

AFTER BURN

CASE Na 3l-1945-(wMw)

ELECTROLYTES

-111-




OF NITROGEN PER

PLASMA

OF

100 mL.

MILLIGRAMS

ol
H
<

300

280

260

240

220

200

180

160

140

120

100

&0

40

20

CASE  N0.31-1945-(W.MW)

- UNDETERMINED NITROGEN

AMINO NITROGEN

%

UREA  NITROGEN

6 T 8 9 (BT 2 3
DAY AFTER BURN

GRAPHIC REPRESENTATION OF INCREASE (N PLASMA NON-PROTEIN
NITROGEN AFTER BURN AND ODURING HEMOLYSIS.
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URINARY . ELECTROLYTE . .CONTENT . . . . ...

80C

AS MILLEQUIVALENTS PER 24 ﬁoumf R b

CASE NO.31-1945-(WMW) |

B 6 SALT INTAKE
(EXPPESSED

Q

l .
SIS

DAILY SODIM @& CHLORIDE INTAKE

460 MEQ.

5 o 7
ONVENT |

s{h

£
' URINARY
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APPENDIX IV

Bacteriological Data

r Three gram negative organisms were isclated from WP burns of three

: patients at the Statian Hospital, These organisms were strains of E.
Coli (Case No.4-1945 S.H.), Proteus vulgaris (Case No. 3-1545 S,B.) and
Bacillus pyocyaneus (Case No. 2-1945 R.N.).

The amount of peniclllin destroyed by these organisms and by the
Heatly strain of Staph. aureus, which is the strain used for penicillin
titrations, was determined. The technique employed was as follows:

- Penicillin was diluted with nutrient broth to a concentration of 40 units
per ml, To § ml. of the 40 aits/ml. penicillin in broth 5 ml. of an 18
hour enlture of each of the test organisms Coli, Proteus, Pyocyaneus and

¢ Staph, were added, mixed and incubated at 37° C, for 2 hcurs., Two stan-
dards were done. To § ml, of the 4O units/ml, penicillin in broth 5 ml.,
of broth were added. A secand tube was made up the same way, One was
incubated for 2 hours at 37° C, ard the other remained at ice box tempera-
ture for 2 hours, At the end of 2 hours all semples were filtered and
the wsual penicillin test tube titration was done an the filtrates, The
results are as followg:

Organism 0,5w, 0,2 0,1 0,08 0,06 0,05 0,0, 0,03 0,02 0.015 0.01

per ml,
Coli 0 0 o] 0 o 0 0 - - - -
Proteus 0 0 - 0 0 0 0 0 - - - -
Pyocyaneus O 0 0 0 0 0 0 0 - - -
Staph. 0 0 0 0 0 0 0 0 0] 0 -

015 LH1l 009 ,008 ,007 .006 005 ,004 ,003 ,002 ,LOO1

Standard
Incubsted O - - - - - - - - - -
Standard

. not 0 - - - - - - - - - -
incubated

- There 18 no éifference bhetween the incubated and rnon-incubated stamlards.

Both stamdards ahow that 0,015 units/ml, will prevent the growth cf Staph.
avreus. The tests indicate that 0,025 units of penicillin were destroyed in
2 hours by both oli and Protens while pyocysneus destroyed 0.015 units.,

. The Hestley atrain of Staph. sureus did not destroy any penlieillin in 2 hours,
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APPENLLX ¥

Liver Function Data

Case No, ' Bromsulf- Bilirubin Cephalin
-alein, mg. % Flocculation
ng. %

3-1945 (S.B.) 0,26

8-1945 (M.S.) 0.51 slight
Q-1945 (M.M.) 0.91 slight
10-1945 (S.J.; 0.55 slight
11-1945 (G.Z. 0.47 slight

30-1945 (V.He) 0.54 one plus
31-1945 (W.MW) 0.41 one plus
33-1945 (L.Jd.) 0.56




APPENDIX VI

CASE HISTCRIES OF RESPIRATORY COMPLICATIINS
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CASE 1, G, Jep AGE 39, FEMALE, COLORED.

Immediate Symptomss Cough, expectoration, shortness of hméth, sabsternal
tightness and pain, choking sensation, feeling of suffocatim, hoarseness,

Past ifistory: No history of pulmonary, cardiovascular or allergic disease,

Physical Findings on Admissian to Fdgewood Arsenal Station Hospital: The

patient is in moderate respiratory distrees, There is copious expectoration

and & distressing cough. There is no cyanosis, orthopnea or edema, The

neck veins are not distended, Chest expansion is symmetrical. Respirations

are 30 per minute and are not shallow., Sibilant, sonorous and large moist

rales and diminisk . vreath sounds are heard throughout the lungs. The *
pulse and ventricu a: ates are 100 per minute; regular,

Course (Chart 1, Appendix VIT} Cough and expectorations, soreness of the '

throat and dysphagia interfered with ingestion of foods during the first
week, fThese gradually subsided toward the end of the second week., Short-
ness of breath subsided by the morning of the fourth day. The adventitious
lung signs remained unchanged during the first week., Medium and large moist
rales increased in number and breath sounds retumed to normal during the
second week, This was accompanied by a visible change in the character of
the sputum, Previously it appeared green-yellow apd consisted mainly of
mucoid and semi-solid matter which settled to the bottom. Now it became
watery ard contained relatively small amounts of mucoid matter., Many
bronchial casts were present in the sputum of the first day., At no time
was the odor definitely foul, Hoarseness amd injection and welling of

the larynx and vocal cords were still present but to a lesser degree at

the time of discharg- from the hospital an the twenty-third day. Treatment
for hoarseness consisted of steam with tincture of benzoin inhalations four
times a day from the seventh to the elghteenth day and spray of the nose
and pharynx twice daily with neosynephrin 1/2¢ from the eighteenth day to
the time of discharge from the hospitd ,

Roentgenograms of the Lungs (Figure 2, Appendix VII) 18 Hours after Exposures
Accentuation of bronchovascular markings, haziness and mottling in both

lower lung fields, in the mid-portion of the left lung at the level of the

hilum and increased hilar shadows bilaterally, Fifth day: there was

considerable improvement; haziness in both lower lung fields was considerably
diminished and shadow in mid-portion left lung was gone., Eighth day: for

the most part haziness was gone, branchovagcular markings in both lower N
lung fields were accentuated. Ninth days normal éxcept for increesed

braichovascular markings, This was still present st time of discharge,

Sputum Examinationsz (1) Culture (aerobic ard anerobic in enriched-
blood agar medium and also Sabouraud's medium)., Second day: pneumo-
coccus type 17, diphthercld bacilli, neisseria caturrhalis. Fifth day:
dipthercid bacilli, neisseria catarrhalis., Sixth day: great predominance
of streptococcl, which were sensitive to penicillin,and two yeast colonies,
(2) smearss (gram and carbol crystal stains), Thim day and fifth day:
gram positive cocci, bacilli and filamentous forms; epithelial cells, no
spirillae. (3) Dark Fields Third day: spirillae not present.

Blood Culture: Fourth day: no growth after 10 days.,
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Urines The results of several urine examinations were normal except for
2+ albuminuria which eppeared on the secand day of sulfadiazine and sodium
bicarbonate administration and continued for three days after they were
discontinued. There was no azotemia,

Course Following Discharge from Hospitals The patient has been symptom
free except for persistent hoarseness and expectoration of about 1/2 to 1
ounce of non-foul yellow-white sputam a day. The vocal cords and larynx
appeared normal at about six weeks after discharge from the hospital. When
last seen, approximately two and ane-~half months following discharge from
the hospital, there had been only slight improvement in her voice. She
appeared well and was afebrile, The lungs were clear. The vocal cords and
larynx esppeared normal by indirect laryngoscopy. A roentgenogram of the
lungs taken on July 25, more than two months following discharge from the
hospital, still exhibited increased bronchovasoular markings. A broncho-
gram taken on Augugt 13, approximately two and one-half months after dis-
charge,"id not exhibit any definite evidence of bronchiectasis.
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CASE 2, S. B., AGE 45, FEMALE, COLCRED,

Immediate Symptoms: Cough, expectoratim, shortness of breath, choking
sensation, feeling of suffoct tion, constant substernal tightness and pain,
hoarseness.,

Past History: No histoery of pulmonary, cardiovascular or allergic disease,

Physical Findings on Admission to Eigewood Arsenal Station Hospitals The

patient is in moderate respiratory distress, coughs frequently and has

coplous expectoration, There is no cysnosis, orthopnea or edema., The neck

veins are not distended, Chest expansim is symneirical, Respirations are

26 per minute. They are not shallow, There ayre numerous sibilant and -
sonorous rales throughout the lungs, The level of arterial pressure is

110/70. The ventricular and pulse rates are 100 per minute,

Course art 2 endix VII): A1l the immedia%e symptoms except expector-
ation and hoarseness gradually subsided during the first two days, Oxygen
was administered continuously by nasal m.sk (6 to 8 liters per minute)
during the first 2-1/4 days primarily because it gave much relief from
coughing. Adventitions lung signs disappeared by the third day. Cough
gradudl 1y subsided by the fourth day., The axpectoration was pucoid,
tenacious, nan-foul. It contained bronchial ecasts on the third day.

BEdema of the vocal cords had disappeared and injection had almost entirely
subsided by the sixth dgy. The vocal cords and larynx appeared normal by
the thirteanth day at which time the voice returmed to normal, Treatment
for hoarseness comsisted of steam with tincture of benzoin inhalations for
fifteen mirutes every three hours during the day from the fifth day to the
thirteenth day. The level of arterial pressure on several estimations was
130/70. The patient was discharged on the sixteenth day of hospitalization,

Roentgenograms of the Lungs (Figure 3, Appendix VII): Approximately eighteen
hours after the accident, there was increased prominence of the broncho-
vascular markings and hilar shadows, the remainder of the lung fields
appeared normal ., Fifth days lungs appeared normal,

Jronchogram: Performed on twelfth dgy , appeared normal,

Sputum Exeisinations (1) Culture (aerobic and anaerobic in enriched blood

ager medium). Second day: pneumococcus type 23, diptheroid bacilli,

nelsseria catarrhalis, non-hemolytic alphs streptocecei snd non-hemoclytic

micrococcus tetragenous. Fourth days Diptheroid bacilli and neisseria '
catarrhalis,

Smearss (gram and carbol crystal steins): Third and fifth days: few
gram positive cocei, bacilli and filamentous forms, no spirillae, few
epithelial cells,

Dark Fields Third day:z no spirillae,

Urine: No abnormalities,

Course Following Discharges When seen on August 1, approximately two cnd
one-half months following discharge from the hospital, the patient complained
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of intermiitent pericds of hoarseness of several days duration, frequent
colds and sore throat which come o after exposure to draughts. She has
been expectorating about 5 to 10 ce. of non-foul, tenacious sputum a day.
She was hcarse, The pharynx and mucous membrane of the mouth appeared
normal, The lungs were clear, OShe was afebrile, The ventriecular and
pulse rates were 80 par minute and the level of arterial pressure was
130/90. A roentgenogram ol the lungs was normal apd the larynx and voeal
cords &appe ared normai,
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CASE 3, E. S., AGE 23, FEMALE, COLCRED.

Immediaste Symptoms: Cough, expecteratim, substemal tishtness,

Past Historys:s No history of allergic or cavdicovascular disease., One

month prior 4o the accident the patient had a sovere “head and chest co 4%,
which lasted abovt one week,

Physical Findings an Admissiom to Pdgpewood Arsensl Statim Hospital. Coughs
frequently and exme ctcrates mucoid sputum. There is ne cysnosis, crthopnea
or edera, The neck veirs are not distended, Chesl expausion is symmetrical,
Respiratlions are 20 per minute 2nl not shallow. There are cibilant and
sov..cus rales throughout the lungs. The pulse and ventricular rates are
eighty per minute, The level of arterial pressure is 112/60.

Course (Chart 3, Appendix VII): The adventitious lung signs and substernal
tightrness cleared by the third day. Cough and copicus exrectoraticn were
at times distressing, pzcticularly late at night. They had both gradually
subsided by the time the pstient was discharged from the hospital on the
sixteenti: day. The sputun was watery in consistency and contained
rcietively little mucoid and semi-solid watter, It did not contain any
bronchial casts. The larynx sppeared normal by indirect laryngoscopy on
tre second day.

Rcentpgenogran of the lunpst Apprcximately eighteen hours after the acci~
dent and or the fifth day - appeared normal .

Soutum Exavinationssy (1) Culture (aercbic arnd anerobic in enriched blood
agar medium ard also in sabouraud's medium), Second day: few pneumococed,
reisseria catarrhalis, Sixth day: staphlococcl, few streptococel and
diphthercids, (2) Smears (gram and carbol crystal stains): Third and
fitth dayss few gram positive cocci, bacilli, ard filamentous forms, nc
spirillae; few epithelial cells, (3) Dark fields Third day - spirillae
not seen,

U-ire: The results of several urine examinations were normal.

Course following discharge from Hospitel: The patient has continued to be
in grod hesiih and =vmptom free, Wren last seecn o /, jusi I, almost two
months following discharge from the hospital, she dd not e lillit any
abnormal physical findfngs. A broncshogram performed that day sppeared
normal,
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CASE 4, R. M.» AGE 23, VEMALE, COLO®ED,

Immediate Symptomas: Cough, substerral pain and tightness in chest. Pain
in knees, hands, arms due to white phosphorous bums.

Past Historys MNo history of pulmonury, cardiovascular or allergic disease,
Had a "chest cold® about aie weck pricr to the accident and expectorzted
about one ounce of tenacious, non-foul, yellow spulum 2 day for a few days.

Physical Findings on Admission to Edpewocod srsenal Station Hospital: The
patient coughs infrequently and occasionally ex ctoretes small amownts of
tenacious, micoid, non~foul, yellow sputun. There is no respiratory Jdis-
tress or cyanosis, Chesy expansim is symmetrical and not limited.
Resplrations are 20 per minute and sre not shallow, There are numercus
sibilant and soncrous rales throughout the lungs. The pulse and ventric-
ular rates are 90 per minute. The level of arterial pressure ip 120/70.
Thare are spotty second and third cegree white phosphorous bums of the hands,
forearms and knees, The total srea bumed is about six square inches.

Course (Chart 4, Appendix YII): Tightness in the chest. swbstermnal pain,
and adventitious Jung signs subsided during the first twelve biurs., Cough
stopped by the third day and expectoration on the sixth day. The sputum
was glairy. grey, non-foul, The patient remained in the hospital for
treatment of bums of the extremities for weeks and did not exhibit
synptoms or signs refersble to the respiratory system,

Roentgenogram of the Lungss Eighteen hours after exposure - normale

Sputum Examinatio: (1) Culture (Bercbic and anerobic in enriched blood
ager medium). Second days diotheroid bacilli, neisseria caterrhalis,
cccasional pneumococci, Fifth days neisseria catarrhalis. (2) Smears
(gram and carbol crystsl stains): Third dgy: gram positive coceil, bacilli
and filamentous forms; epithelial cells; no spirillae,

Urines Yo abnormal findings.
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Filzure 1: - (i) BIONCITAL CAST dissected open; (3) Photomicrograph (96x) of section
of this cast shiowing 1ts fibrinous character, infiltration of numarous leucocytes,
cliiefly polymorphomuclesar cells, Note single lasyer of detached, necrotic bronclial
e;ithelium. (C) Photomicrograph (240x) of section of same cast.
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