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PREFACE

The work described in this report was authorized under Project
lMI626-!ZASS4, Chemical Munitions and Chemical Combat Support; Technical Area 4-5,

nioke Toxicology. The work was started in July 1978 and completed in May 1980. The
experimental data are contained in notebook 9839.

In conducting the research described in this report, the investigators adhered
to the "Guide for the Care and Use of Laboratory Animals" as promulgated by the Com-
mittee on Revision of the Guide for Laboratory Animals Facilities and Care of the Insti-
tute of Laboratory Animal Resources, National Research Council.

The use of trade names in thia r,,n-rt does not constitute an official endorse-
ment or approva! of the uzte of such commercial hardware or software. This report may
not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited except with
permission of the Commander/Director, Chemical Systems Laboratory, ATTN: DRDAR-
CLJ-R, Aberdeen Proving Ground, Maryland 21010. However, the Defense Technical
Information Center is authorized to reproduce the document for United States Govern-
ment purposes.

This report has not been approved for release to the public.
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THE SUBCHRONIC EFFECTS OF REPEATED EXPOSURE TO
WHITE PHOSPHORUS/FELT SCREENING SMOKES IN RATS

I. [NTRODUCTION

Toxicity studies were conducted to determine the subchronlc effects of
repeated exposure to three concentration levels of a white phosphorus screening smoke.
This smoke, one of the candidate screening smokes, was generated by burning pieces of
white phosphorus-impregnated felt.

The following studies were performed to obtain a subchronic toxicity profile
on rats: inhalation toxicity of multiple exposures, including pathology, hematology, and
blood chemistry, and effects of exposures on reproduction, behavior, and physiology.

Z. EXPERIMENTAL PROCEDURES

2.1 Chamber operation and sample collection.

Animals for the inhalation studies were placed in compartmented stainless-
steel wire-mesh cages. The cages were put on racks in a 20-cubic-meter exposure cham-
ber.

Military grade white phosphorus, which had been forced under pressure into
thick pieces of wool felt, was cut into cubes having specific weights. For each exposure,
one of these cubes on an aluminum foil pan of a known weight was placed on an electric
hotplate within the chamber. The hotplate was a fast-heating unit capable of tempera-
tures in excess of 7000 F.

The chamber door was closed and sealed, and the chamber exhaust system
was shut down. The hotplate was plugged in and the white phosphorus/felt ignited,
usually in less than 2 minutes, producing a dense white smoke. This smoke is made up of
a number of oxides of phosphorus: P 4 01PzO'PzO3 (or P4 0 6 ), P0 2 (or P?0 4 ), PZO5 (or
P 4 0 1 0 ), and P2 0 6 ; but only three of these species - P O0, PO, and P7 O5 - are well
established. All three of these oxides are deliquescent and they could, therefore, con-
tribute various aqueous droplets to the smoke. The reaction of P 0 5 with atmospheric
moisture has already been described; the corresponding reaction ior P 2 0 3 produces o-
phosphorus acid. The tetraoxide, Pz0 4 , feacts with water to produce equimolar solutions
of o-phosphorous and o-phosphoric acid. The white phosphorus/felt burning time ranged
from less than 1 minute for some of the small cubes to over 9 minutes for one of the
large cubes. The smoke was contained within the chamber for 15 minutes before being
removed by the exhaust system.

Smoke sampling started after 7 minutes of exposure. The samples were
collected on Gelman Type-A glass fiber filter pads. Twelve liters of chamber air, at the
rate of 3 liters per minute, were drawn through the filter pads contained in the air sam-
pler probe. The filter pads were placed in Erlenmeyer flasks. Particulate material was
extracted with distilled water, boiled for 10 minutes, and titrated for phosphoric acid
content (see appendix A).
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Air samples were also collected in a modified Rochester cascade impactor
and analyzed for phosphoric acid content, and the mass median diameter of the airborne
particles was derived.

Z.Z Animals used.

Four groups of Sprague-Dawley rats were used, one for each dose level plus
the controls. Thirty-six male and 36 female rats were used for the high- and intermedi-
ate-exposure levels with 18 rats of each sex acting as controls for each level. Only 18
males and a like number of females were-exposed to the low-dose level. Nine animals of
each sex acted as controls for this exposure.

Additional groups of rats were exposed and the rats were ,-ated on different
schedules to determine the effects of repeated exposures on mammalian germ cells and
reproductive performance. Procedures used are discussed in a previous report.*

Z.3 Animal eposures and observations.

Animals were exposed for 15 minutes daily, 5 days a week for 13 weeks. The

rats were observed for toxic signs before and after each exposure. At regular intervals
during the 13-week exposure and 4-week postexposure periods, all animals were weighed.

After 6 weeks, one-third of the animals were withdrawn from exposure. Half
of these animals were bled and submitted to pathology. The other half were examined to
see if any physiological or behavioral changes occurred. When the 13 weeks of exposure
ended, the remaining animals were separated into two groups. One group was divided as
were the 6-week animals with half going to pathology and half for physiological and
behavioral studies. The remaining animals were held for a 4-week postexposure period to
observe any recovery that might occur. Then they were bled and submiLted for patholog-
ical evaluation.

Z.4 Blood studies.

Blood samples in rats were analyzed for triglycerides, cholesterol, glucose,
urea nitrogen, creatinine, uric acid, sodium, potassium, chloride, carbon dioxide, alkaline
phosphatase, albumin, globulin, calcium, phosphorus, serum glutamic pyruvic transami-
nase, serum glutamic oxalacetic transaminase, red blood cell count, white blood cell
count, differential white blood cell count, hematocrit, and hemoglobin.

2.5 Pathology.

Gross and microscopic pathological examinations of the following body organs

were performed for all animals submitted: heart, lung, liver, spleen, kidney, brain, eve,
trachea, nasal turbinate, adrenal, stomach, urinary bladder, pancreas, thyroid, esophagus,
duodenum, colon, lymph node, thymus, testis, epididymus, ovary, uterus, bone marrow,
and skin. In addition to those animals sacrificed at 6, 13, and 17 weeks, animals that died
during the experiments were submitted for necropies. The number sacrificed at each
time interval was adjusted according to the number of animals that died during that
interval.

*Starke, W. C., and Pellerin, R. J. Technical Memorandum. The Effects of CS-Z on
Reproduction in Rats (in preparation). 1980.
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z.6 Physiolotical and behavioral studies.

Animals were submitted for physiolpgical and behavioral evaluations using the
procedures described in a previous publication.

3. RESULTS

3.1 Exposure conditions.

Target concentrations were 1000, 500, and 200 mg/m 3 . Target and actual
concentrations are used interchangeably in the appendixes. Concentrations are also
referred to as high, intermediate, and low, respectively. To obtain desired concentra-
tions, 20-, 10-, or 3-gram cubes of the white pbosphorus-impregnated felt were used.
When ignited, a. dense white smoke-like mist was produced. The droplets of this mist had
a mass median diameter of 0.5 micron. A charred residue weighing approximately 27%
of the original weight remained after burning.

Appendix B, table B-1, shows the mean exposure doses produced by each cube
recorded.

3.2 Toxic signs.

Animals were not visible for observation until the smoke cloud was evacuated
from the chamber. Visible toxic signs were not observed during the first 3 days of expos-
ure to the high dose. One hour after the fourth exposure one female rat died. Two other
rats wheezed for about 2 hours. Of the 72 rats starting this high-dose study, 23 died
during the first 6 weeks of exposure. Four more died during the remaining 7 weeks.
Transitory dyspnea and wheezing were observed in many rats, with recovery within 2
hours of each exposure. The cumulative exposures at which deaths occurred are shown in
appendix B, table B-Z.

Rats exposed to the intermediate and low doses showed no visible toxic
signs. None of these animals died.

3.3 Body-organ weights.

There were no consistent changes in total body weights or in weights of the
organs regardless of dose or time. Means and standard errors for body and organ weights
of control and exposed rats are shown in tables B-3 and B-4, appendix B. Significant
differences, where they did occur, are indicated.

3.4 Hematology and blood chemistry.

No agent-related changes were observed in the blood chemistry and hema-
tology analyses. "T" test evaluations indicated there were no significant agent-related
differences between control and exposed values. No sex-related changes were
observed. Means and standard errors of all blood constituents analyzed are shown in
tables B-5 through B-10, appendix B.
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3.5 Pathology.

3.5.1 Spontaneous deaths.

A high mortaJity rate (about 40%) occurred in the group of colony rats ex-
posed to the 1161 mg/mr dose level. The deaths appear to be agent and dose related.
None of the rats exposed to the intermediate- or low-dose levels died. A complete
description of pathological findings is presented in appendix C.

3.5.2 Six-week exposure.

Although laryngitis or tracheitis was not observed In any of the control ani-
mals, all laryngeal and tracheal specimens from rats exposed to the high-dose level
displayed a moderate-to-severe laryngitis/tracheitis. Fifty percent of the rats receiving
the intermediate-dose level displayed a minimal-to-mild tracheitis while one-third had a
mild laryngitis. Only one rat receiving the low dose displayed tracheitis. Four of six
high-dose rats had a minimal-to-severe interstitial pneumonia. Two of the 18 control
rats displayed a minimal interstitial pneumonia. A complete description of these patho-
logical findings is presented in appendix D.

3.5.3 Thirteen-week exposure.

Although none of the control rats displayed laryngitis or tracheitis, all of the
male rats receiving the high-dosage level of white phosphorus/felt exhibited moderate
laryngitis. Of the female rats receiving the same dosage level (1161 mg/m ) of white
phosphorus/felt, one of two larynges examined displayed a moderate laryngitis; whereas
two out of three tracheae displayed mild-to-moderate tracheitis. Three out of six fe-
male rats receiving the medium-dosage level of white phosphorus/ felt displayed a mod-
erate tracheitis; whereas three out of five male rats receiving the same level exposure
displayed slight-to-moderate tracheitis. None of the low-dosage-level animals displayed
laryngitis or tracheitis. A complete description of these pathological fitdings is present-
ed in appcnri.i E.

3.5.4 Thirteen-week exposure with four-week recovery period.

Significant findings were limited to the respiratory tracts of the rats exposed
to the high- and intermediate-dose levels. Lesions were noted in the larynx or trachea of
15 of 16 high-dose rats and 20 of 24 intermediate-dose rats. Pulmonary lesions were
noted in 11 of 16 high-dose and 6 of 24 tnto.r.ieite-dose rats. None of the control or
low-dose animals exhibited significant lesions. A complete description of these patholog-
ical findings is presented in appendix F.

3.6 Reproduction studies.

To assess the effects of white phosphorus/felt smoke on reproduction pro-
cesses in rats, three studies were conducted: teratology, dominant lethal mutation, and
reproduction in a single generation. Each of these studies was conducted at both the
high- and intermediate-exposure levels and in the control (smoke-free) atmosphere.

At the high-dose level of each study, several of the animals died. Five of the
24 high-dose teratology females died before their scheduled necropsy date. Twelve of
the 20 males for the single-generation study died prior to their time for mating. Nine of
the 20 males for the dominant lethal mutation study died before they could be mated.
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3.6. 1 Teratolo.y.

Pregnant females were exposed to test and control atmospheres from days 6
to 15 of Restation. There were no major abnormalities found among the control or test
fetuses. The pregnancy rates for control, intermediate-dose and high-dose smoke were
100%, 100%, and 9004, respectively. Data on the number and condition of implants, the
mean body weights of the fetuses, and the averaged data on implants appear in appendix
B, table B-i. Statistical analysis of these data showed no differences between control
and treatment groups.

3.6.2 Dominant lethal mutation.

In the dominant lethal mutation study, analysis by the chi-square method
showed that, for the first mating, significantly more of the dams mated to intermediate-
dose males had one or more resorptions as compared to the dams mated to control males,
appendix B, table B-12. This difference was not observed at the high dose, indicating
that the difference observed with the intermediate-dose group was probably not attribut-
able to the effects of white phosphorus/felt smoke.

3.6.3 Single-generation reproduction.

The single-generation reproduction study results are more difficult to ana-
lyze. Although there were no significant differences in the body weights of the pups at
birth, survivability of the exposed pups was significantly lower than that of the control
pups, appendix B, table B-13. Exposures continued for the pups and dams through this Zi-
day period. Weight gain in the surviving exposed pups was less than that of the control
pups, appendix B, tahb1 B-14. The difficulty arises from the inability to discern whether
the deficiency in weight gain was (1) the result of the exposed dams not caring for their
pups, (2) a decrease in mammary gland secretion, (3) the inability of the pups to nurse
because of irritated and congested tracheas, or (4) exposure effects.

3.7 Physiological studies.

Physiological measurements were made on days 3 and 4 after the animals
were removed from the exposure. The number of animals (sample size) used in the tests
are shown in appendix B, tables B-15 and B-16.

An analysis of variance (ANOVA) was made on the data to determine the
effect of dose (exposure level), sex difference, and the effect of dose within sexes.
Following this, a T-test was I-crformed to locate any significant differences.

The logic for determining a physiological effect from the white phosphor-
us/felt smoke required that the following conditions apply: (1) a significant difference at
a P _< 0.05 level be evidenced by the analysis of variance and Student T test, (2) the dif-
ferences must be dose related and directional so that significant differences occurring in
a low-dose group that were not reinforced by similar effects in the high-dose groups
would be considered a chance occurrence, and (3) the difference should be time related
unless an adaptive response for increased tolerance has developed. With a bioaccumu-
lated material, it would be expected that effects shown after a 6-week exposure would
be repeated after a 13-week exposure. With white phosphorus smoke, it is interesting to
note from pathology (page 10) that upper airway irritation, i.e., tracheitis and laryngitis,
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decreased after a 6-weeks' exposure. Assuming that phosphorous pentoxide unites with
water lining the respiratory tract to form a phosphoric acid, the response to this irritant
may be decreasing with time of exposure and consequently the application of present
statistical judgments takes the possibility of increased tolerance into effect.

The results are shown in appendix B, tables B-15 through B-17. At both 6-
and 13-weeks' exposure, significant sex differences were shown which appear to be
related to the greater size of the male rats. These included breathing volumes and the
increased inhaled volume responses to 6% CO In addition, blood pressures from male
rats were slightly higher than those of female rats. This has been observed in other
tests.

Some differences appeared to be the effect of dose and these are indicated in
tables B-1 5 and B-16. However, none of these effects satisfied the logic described above
for determining a physiological effect. The same applies for the sex-related doses. It is
noted that the sample size in the high-dose exposures was reduced because of deaths
during the procedure. It is possible that, if the sample size were larger for high-dose
groups, a statistical significance would have been noted. It appears that some effect was
developing in the group toward a reduction in tidal volume and an increase in breathing
frequency with dose in the 13-week exposed animals. Ther'. is also indication that there
was less growth in the male rats of this group.

Table B-17 contains the qualitative or nonparametric observations made on
rats in the exposure groups. Three of tht- 13-week high-exposure groups had loud bubbly
rales 3 days after exposure which were absent on the fifth post-exposure day.

Although no statistical validation for a functional effect exists, the presence
of rales and the tendency for a reduction in tidal volume and an increase in breathing
frequency in the high-dose animals indicate that a careful examination of the lung path-
ology data and the pulmonary resistance data be made.

The evaluation of the pulmonary function as a result of exposure to white
phosphorus/felt smoke was carried out on rats that had been exposed for a period of 13
weeks. The method for estimating the pulmonary resistance in these animals was based
on a comparison of the plethysmographic pressure during a respiratory cycle and the peak
respiratory flow. The rationale for using this method is based on the principle that the
changes in pressure in a body plethysmograph during a respiratory cycle are proportional
to the alveolar pressure during post cycle. (Pulmonary resistance is determined by the
ratio of alveolar pressure to the flow rate during a respiratory cycle; therefore, an
estimate of the resistance can be determined by substituting the plethysmographic
pressure for the alveolar pressure.)

The results of the pulmonary tests in the unanesthetized rat following 13-
weeks exposure to white phosphorus/felt smoke are presented in appendix B, table B-18.
There were no significant differences from control values in the respiratory rate or peak
inspiratory flow rates in either males or females exposed to smoke. There was-no signifi-
cant difference in the estimated pulmonary resistance of the female rats following
exposure. The estimated pulmonary resistance of exposed male rats had a tendency to
increase slightly over that of the controls. This increase was significantly different in
the low-dose rats but rot in the high-dose animals; however, the indication is that some
pulmonary damage may be present in the male rats exposed to white phosphorus/felt
smoke. No rats were tested at 6 weeks postexposure.



3.8 Behavioral studies.

The behavioral responses of rats exposed to white phosphorus smoke foe 6 or
13 weeks was measured using spontaneous activity and passive avoidance tests. In aU
instances, values are compared statistically to a group of unexposed control rats of equal
age and weight.

3.8.1 Spontaneous activity.

The results of these tests are presented in appendix B, table B-19. which
shows the gross and fine activity of the rats and the ratio between these two types of
activity. Both male and female animals exposed for 6 weeks appeared to exhibit a dif-
ference in activity; however, the mean values presented were influenced by one or two
animals from each group including controls. If the ratio is calculated from these means,
the values become more uniform, indicating that spontaneous activity was not altered as
a result of exposure.

3.8.11 Passive avoidance.

Passive avoidance test results are presented in appendix B, table B-ZO. The
exposed female rats, at 1161- and 589-mg/m3 dose levels and 6-week/13-week exposure
time periods, were no different from control animals. This indicated that the animals'
ability to passively avoid shocks was not adversely affected by exposure to white phos-
phorus smoke. Male rats exposed to the high dose received more shocks than the con-
trol rats but statistically the values were not significantly different. The number of
passive avoidance responses were no different. One of the 13-week high-dose male rats
received an unusually large number of shocks with no attempted avoidance, raising the
mean value for this group of animals. This animal had either a higher pain threshold than
the other animals or a delay in determining how to avoid the shock. The lower-dose male
rats showed no differences from the control animals.

4. DISCUSSION

When white phosphorus burns, it forms a number of oxides of ph•sphorus
which are rapidly converted by moisture to phosphorus and phospronic acids. ' Al-
though at ordinary expected field concentrations (100-Z00 mg/mr ), t~is may not bp
hazardous, some irritation to the eyes, nose, and throat may occur. Cullumbine'
exposid a total of 108 men to white phosphorus smoke at concentrations from 87 to 1770
mg/m . Throat irritation was produced at all concentrations. From these data, it has
been estimated that the minimum harassing concentration (requiring a respirator) is
about 700 mg/m 3 . In the documentation lor threshold limit values (TLV), it has been
repojted that concentraýions of 100 mg/m were unendurable except to hardened work-
ers. A TLV of I mg/mi was established as the level to which nearly all workers may be
repeatedly exposed without adverse effect. A Iran exposed to 100 mg/mr would probably
mask or remove himself from the smoke cloud.

In the study just completed, the 1000 mg/m 3 dose, with 40% spontaneous
deaths and injury to all other animals, was obviously a hazardous concentration. None of
the animals exposed at +he 500- or Z00-mg/rn dose levels died. The intermediate dose
did, however, produce tracheitis in 50% of the rats. Only one of the low-dose animals
showed any signs of irritation.

13



S. CONCLUSIONS

It would appeaj that the chance of injury is high at 1161 mg/m3 and low at
193 mg/mr. At 589 mg/rn, one-half of the rats showed aome exposure effects.

The rats apparently developed a tolerance to repeated exposatses, particularly
at the lowest exposure level.

14
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APPENDIX A

CIITE.C°IrAL ANALYSIS OF WHITE PHOSPH4ORTIS SMOKE*

"xposure chamner air samples received were diluted with distilled water,
shaken, then boiled 10 minuties to convert the phosphorus acids to orthophosphoric acid,
then cooled to room temperature. Sample volume was measured after hoiling. Using a
plT meter as an indicator, the acid content was determined hv titration against 0.10043 N
sodium hydroxide to a p74 of P.6. After measuring the amount of 0.10043 N sodium
hydroxide required to adjust the sample pF to 9.6, the following formula was used to
determine normality of the orthophosphoric acid:

1. Nsample x Vsample = NNaOH x VNaO]T

N Normalitv

V = Volume of sample in milliliters

The normalitv of the acid is multiplied by 3Z.66 (milliprams per milligram-
equivalents of orthophosphoric acid).

. milligram equivalents 32.66 milligrams milligrams

milliliters milligram equivalents rmilliliters of
(normalitv of sample) orthophosphoric acid

3. millir-,rams

milliliters X milliliters = milligrams of orthophosphoric acid in sample

B. P. Pearce. Porton Technical Paper 154. The Stability of Red Phosphorus
Compositions. June 1974. UNCLASSIFIED Paper.
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APPENDIX B

DETAILS OF TOXICOLOGICAL EVALUATION

Table B-I. Inhalation Exposure Doses Produced by Burning Cubes of White

Phosphorus/Felt

Cube Average exposure Total cumulativeCube Avrage eposure 15-minuteepouet

weight concentration exposure CCt

gm mg/M 3  mg min/m 3  mg min/m 3

zo 1161 1-7,415 1,097,151 (63 days)

10 589 8,833 556,480 (63 days)

3 19Z.5 Z,887 179,991 (62 days)

19



. . . ......

Table B-2. Spontaneous Deaths in Rats Exposed to the High-Dose Concentration of
White Phosphorus Smoke

Deaths

Exposure day Male Female Cumulative exposure Ct,:.

ing minim 3  -

4 1 54,2Z5
5 1 69,225
9 ! 143,975

10 1 158,820-
11 2 176,340
12 1 3 194,790
13 1 1 210,960,-"
14 2 1 225,120
16 1 251,9Z5
23 z 376,Z60
24 1 397,650
25 1 420,330
Z6 1 441,300
27 1 460,545
z9 1 499,560
34 1 588,045
47 1 813,021
54 1 936,8Z0
57 1 995,426

Appendix B
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Table B-17. Oualitative Observations on Rats Exposed to White Phosphorous/Felt Smoke

Number responding

Exposure period

Observation

6 Weeks 13 Weeks

_......__ Control Low dose High dose Control Low dose High dose

Vasomotor reflex 12/12 12/12 6/6 12/12 12/1Z 7/7

Light reflex 12/12 12/12 6/6 12/12 12/12 7/7

-.espiratory response 12/12 12/12 6/6 12/12 12/12 7/7
to CO

Sniffing response 9/12 12/l 6/6 ll/1Z 12/12 7/7

Moist rales 0/1Z 0/12 0/6 0/12 0/12 3/12
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Table B- 18. Pulmonary Responses of Rats Exposed to White Phosphorus/Felt

Smoke for 13 Weeks

Response (mean and SE)
Number '-'-

Condition Sex of Estimated Respiratory Peak
animals pulmonary rate inspiratory

resistance flow

cmHZO/1/sec resp/min ml/sec

Control Male 5 1.03 +_0.06 179 + 14.3 24.8 + 0.92

High dose Male 4 1.29 + 0.18 171 + 2.74 24.7 +0.70

Low dose Male 5 1.75 + 0.27 14Z + 5.07 24.1 + 0.55

Control Female 6 1.58 + 0.88 120 + 3.3 22.6+0.90

High dose Female 3 1.75 + 0.27 145 + Z6.6 24.2 + 0.59

Low dose Female 6 1.33 + 0.13 134 + 5.8 Z3.3 + 0.7Z
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TATIhe B-10. T'he Spontaneos Activity Pesponses of Pats Exposed to White Phosphortis/Felt SmokeI i

Number Response IGross activit ratiosCondition sex of (mean and SE) fine activity
animals Gross activity Fine activity from individual data from mean

6-Week exposure

Control Female 6 457 + 143 1680 + 512 5.12 + 1.39 3.68
High dose Female 3 502 + 21 1739 +140 3.49 + 0.37 3.46Low dose Female 6 574 -; 134 1874 7353 6.32 + 3.40 3.Z0

Control Male 6 278 + IZZ 1093 + 3Z7 5.10 + 0.53 3.93
High dose Male 3 336 + 65 723 +319 1.97 -0.37 Z.15
Low dose Male 6 760 +109 g 2253 +306 3.07 + 0.34 Z.96

13-Week exposure

Control Female 6 608 + 133 160 + 300 2.82 + 0.46 2.65
High dose Female 3 46Z +- 38 1548 +149 3.4Z+0.53 3.35
Low dose Femal 6 575 T 177 1652 "4z1 3.44 +0.46 2.87

Control Male 6 601 + 138 1287 + 176 2.40 + 0.29 2.14
High dose Male 4 420 + 48 1368 T+308 2.86 " 0.54 2.91
Low dose Male 6 450 + 123 1651 +191 3.25 + 0.23 3.67
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APPENDIX C J
PATHOLOGY REPORT - SPONTANEOUS DEATHS

PATHOLOGY REPORT
PROJECT SMOKE I1, WHITE PHOSPHORUS/FELT

INHALATION STUDY - SPONTANEOUS DEATHS
"COLONY" RATS

I. INTRODUCTION.

Six and thirteen week studies designed to assess potential local and systemic
toxic effects of inhalation exposure of the agent White Phosphorus/Felt were
performed on Edgewood Area Colony Rats. Three dosage levels of the agent were
tested. High (1000 mg/mni) dosage level studies began on 31 July 1978. Medium-
(500 mg/m 3 ) dosage level studies began on 7 August 1978. Low (200 mg/m 3 ) dosage
level studies began on 11 September 1978. All rats were approximately six weeks
of age at the beginning of the studies and were housed in Bldg E3266.

Of forty-three rats (19 male, 24 female) receiving the high (1000 mg/m3)
dosage level exposure to White Phosphorus/Felt, twenty-nine (15 male, 14 female)
died spontaneously during the studies while one control animal and none of the
medium or low dose group animals died.

Following necropsy. tissues were imbedded in paraffin and subsequently
processed for staining with hematoxylin and eosin. The following tissues were
evaluated microscopically: nasal turbinate, larynx, trachea, lungs, heart,
esophagus, stomach, small intestine, pancreas, large intestine, liver, adrenal,
thyroid, thymus, kidney, bladder, ovary/teste, uterus, mammary gland, prostate,
bone marrow, spleen, brain, eye and pituitary.

Histologic findings are tabulated in Tables 1-3. Since one or more tissues
from various animals were lost at necropsy or during processing, one must
calculate the incidence of lesions based upon the number of tissues examined
rather than on the number of animals necropsied.

Two previous reports have been submitted regarding the histopathological
findings in the colony rats that completed the six and thirteen week studies.
This report deals only with the histopathological findings in those animals
that died spontaneously before completing the studies.

11. RESULTS.

The microscopic observations are presented in the Histopathology Incidence
Tables.

a. Table 1 tabulates incidence of lesions by organ observed in male and
female rats dying spontaneously.

b. Table 2 tabulates incidence and severity Vf lesions by organ observed in male
rats dying spontaneously from the high (1000 mg/mr) dosage level exposure group.

39



c. Table 3 tabulates incidence and severity of lesions by organ observed
in female rats dying spontaneously from the high (loon mng/m 3 ) dosage level
exposure group.

llt. DISCUSSION.

Numerous sporadically occurring lesions were noted in the high (1000 mg/m3)
dosage level rats that died prior to completion of the White Phosphorus/Felt
smoke inhalation studies. Moderate to severe laryngitis was observed in all
of nine male rats examined and in five out of six female rats examined.
Moderate to severe tracheitis was observed in five out of seven male rats and
in all of nine female rats examined. Laryngeal and tracheal lesions often in-
cluded varying degrees of vessiculation (blistering) and ulceration of the
mucosal surfaces. Death of many of these animals probably resulted from as-
phyxiation produced by mechanical blockage of the larynx/trachea from swelling or
from laryngospasm resulting from irritation of the larynx by the smoke.
Moderate to severe congestion (hyperemia) was observed in twenty-five out of
twenty-nine lungs examined. Irritation produced by the inhaled smoke may be
responsible for this finding. A minimal to mild multifocal to diffuse inter-
stitial pneumonia was observed in sixteen out of twenty-nine lungs examined.
Peribronchiolar lymphoid aggregates were noted in the lungs of eighteen of
twenty-nine animals examined.. The interstitial pneumonia and peribronchiolar
lymphoid aggregates have been observed historically in colony rats held in
this and adjacent animal research facilities. The death of one control rat
is attributed to a generalized Phycomycosis (non-contageous fungal agent) in-
volving the gastrointestinal tract, liver and brain.

IV. CONCLUSION.

A high mortality rate was noted in the high (1000 mg/mr) dosage level
exposure group of colony rats being exposed to White Phosphorus/Felt smoke
via inhalation exposure. The death of these animals appears to be agent and
dose related. A moderate to severe laryngitis/tracheitis accompanied by
varying degrees of vessiculation (blistering) and ulceration was observed in
most of the animals. Death in these animals probably resulted from asphyxiation
produced by mechanical blockagie of the larynx/trachea from tissue swelling or
from laryngospasm resulting from irritation of the larynx by the smoke. Moderate
to severe pulmonary congestion was observed in many of the animals and is
probably agent related.

MALC N. ALLISON, CPT, VC
Comparative Pathology Branch
Veterinary Medicine Division &

Resources Support Division
US Amy Biomedical Laboratory
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Project Smoke II

White Phosphorus/Fel t

Inhalation Study - Spontaneous Deaths

"Colony" Rats

S~~Key to--Microscopic Findings :i

Table I

Number of Animals: Represents total number of animals in each group necropsied.

Numbers following tissues represent the number of tissues from each group
actually examined. --

Numbers following lesions indicate the number of tissues examined showing
the particular lesion.

Tables 2-3

- - tissue present

+ = tissue not available for microscopic evaluation

Numbers following organ: Number of specimens examined

Severity of Response j
1 Minimal

2 = Slight

3 = Moderate

4 = Severe

P = Present
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APPENDIX D

PATHOLOGY REPORT - 6-WEEK EXPOSURE

Project Smoke II

Inhalation Study Six Weeks

"Colony" Rats

1. Introduction,

The present study was designed to assess potential local and toxic effects

following inhalation exposure to White Phosphorus/Felt for a period of fifteen

minutes per day, five days a week, for six weeks.

A group of six female rats were exposed by the inhalation route to bhite

Phosphorus/Felt at a high dose level (1000 mg/mr) and two groups of twelve rats,

equally divided as to sex. received intermediate (500 mg/mr3 ) and low (200 mg/m3)

dosage levels for the prescribed period of time followed by euthanasia. A fourth

group of eighteen'rats, equally divided as to sex, that were exposed to air only

and maintained under similar conditions, served as controls.

At termination and necropsy. tissues were imbedded in paraffin and subsequently

processed for staining with henatoxylin and eosin. The following tissues were

evaluated microscopically: nasal turbinate, larynx., trachea, lungs, heart,

esophagus, stomach, small intestine, pancreas, large intestine, liver, adrenal.

thyroid, thymus, kidney, bladder, ovary/teste, uterus, mammary gland, prostate..

bone marrow, spleen, brain, eye and pituitary.

2. Results.

The microscopic observations are presented in the Histopathology Incidence

Tables.

a. Tables 1-4 tabulate incidence of lesions (by organ) observed in the four

groups of male and female colony rats. A
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b. Tables 5-8 tabulate incidence and severity of lesions (by organ) observed

in male and female control rats.

c. Tables 9-12 tabulate incidence of lesions (by organ) observed in each

female rat receiving the high dose level exposure to White Phosphorus/Felt. 7

d. Tables 13-16 tabulate incidence of lesions (by organ) observed in each

male and female rat receiving the intermediate dose level exposure to White

Phosphorus/ Fel t.

3. Discussion.

A number of spontaneous lesions were noted in the liver, kidney, thyroid, and

pituitary; the lesions occurring with equal severity and frequency in control and

Wnite Phosphorus/Felt exposed rats. While none of the control animals displayed

laryngitis or tracheitis, all of the laryngeal and tracheal specimens examined

from the rats receiving the high dosage level of White Phosphorus/Felt displayed

a moderate to severe laryngitis/tracheitis. Fifty percent of the rats receiving

intermediate dose levels of White Phosphorus/Felt displayed a minimal to mild

tracheitis while one out of three rats had a mild laryngitis. Only one rat

receiving the low dose level of White Phosphorus/Felt displayed tracheitis. Four

out of six female rats receiving the nigh dose level of White Phosphorus/Felt

displayed minimal to severe interstitial pneumonia while one control rat of each

sex displayed a minimal interstitial pneumonia.

4. Conclusion.

The agent, White Phosphorus/Felt, at the dosage levels tested and in the

manner tested show a dose related laryngitis and tracheitis. It is suggestive

Appendix D 56



that high dosage levels of White Phosphorus/Felt may produce interstitial

pneumonia in some animals.

MALCO N. ALLISON, CPT, VCComparative Pathology & Surgery Group
-Veterinary--Medicine Division.

US Amy Biomedical Laboratory
4 September 1979
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Project Smoke I I
White Phosphorus Felt

Inhalation Study Six Weeks
"Colony" Rats

Key to Microscopic Findings

Tables 1.4

Number of Animals: Represents total number of animals in each group utilized
in the study.

Numbers following tissues represent the number of tissues from each group actually
examined. acua

Nu•lbcrs following lesion indicate the number of tissues examined showing the i-
particular lesion.

Tables 5-16

tissue present
* tissue not available for microscopic evaluation

SeveriL ypfResponse

I = minimal
2 = slight
3 moderate '1
4 severe
P present
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APPENDIX E

PATHOLOGY REPORT - 13-WEEK EXPOSURE

PATHOLOGY REPORT
PROJECT SMOKE 11, WHITE "PHOSPHORUS/FELT

INHALATION STUDY - THIRTEEN WEEKS
"COLONY"RATS

I. INTRODUCTION.

The study was designed to assess potential local and systemic toxic effects
on Edgewood Area Colony rats following inhalation exposure in a chamber to White
Phosphorus/Felt for a period of fifteen minutes per day, five days a week, for
thirteen weeks. Three separate dosage levels were studied with each dosage level
beginning on a different date and having a separate set of control animals re-
ceiving sham treatment and housing under similar conditions. All animals were
approximately six weeks of age at the beginning of each study. The exposures
and animal holding were performed in Bldg E3266.

3Exposure of the high dose (1000 mg/m ) group began on 31 July and ended
on 31 October 1978. The exposed group consisted of eight animals, four of each
sex. A separate group of three male ind three female controls were utilized.
Exposure of the medium dose (500 mg/m ) group began on 7 August 1978 and ended
on 7 November of that year. Twelve rats, six of each sex, were exposed to the
agent. Three male and three femal• control rats were utilized in this study.
Exposure of the low dose (200 mg/m ) began on 11 September 1978 and ended on
12 December of the same year. A group of twelve animals, six of each sex, were
exposed to the agent. Three male and three female controls were utilized in
the study.

In addition to the above animals, a total of four rats, two of each sex, that
had been exposed with the high dose group and utilized in physiology studies
for eight days were necropsied. No controls were submitted with this group of
animals. These animals were included separately in Tables 17-20, but are not
considered part of the study in interpreting pathology findings.

Following necropsy, tissues were imbedded in paraffin and subsequently pro-
cessed for staining with hematoxylin and eosin. The following tissues were
evaluated microscopically: nasal turbinate, larynx, trachea, lungs, heart,
esophagus, stomach, small intestine, pancreas, large intestine, liver, adrenal,
thyroid, thymus, kidney, bladder, ovary/teste, uterus, mammary gland, prostate,
bone marrow, spleen, brain, eye and pituitary,

Histologic findings are tabulated in Tables 1-20. Since one or more tissues
from various animals were lost at necropsy or during processing, one must cal-
culate the incidence of lesions based upon the number of tissues examined rather
than on the number of animals necropsied.
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II. RESULTS.

The microscopic observations are presented in the Histopathology Incidence
Tables.

a. Tables 1-4 tabulate incidence of lesions (by organ) observed in the
six groups of male and female colony rats utilized in the three studies.

b. Tables 5-8 tabulate incidence and severity of lesions (by organ)
observed in male and female control rats.

c. Tables 9-12 tabulate incidence of lesions (by orga-) observed in-
each male and female rat receiving the high dose (1000 mg/mr) level exposure
to White Phosphorus/Felt.

d. Tables 13-16 tabulate incidence of lesions (by orgaa) observed in
each male and female rat r'eceiving the medium dose (500 mg/mr) level exposure.

e. Table 17-20 tabulate incidence of lesions (by organ) observed in
each male and female rat receiving the low dose (200 mg/mr) level exposure.

III. DISCUSSION.

A number of spontaneous lesions were noted in the liver, kidney, thyroid,
spleen, heart, uterus, bladder, mammary glands and large intestine. The lesions
occurred either sporadically or with equal frequency and severity in both control
and White Phosphorus/Felt exposed rats. While none of the control rats displayed
laryngitis or tracheitis, all of the male rats receiving the high dosage level
of White Phosphorus/Felt exhibited a moderate laryngitis. Of the female rats
receiving the same dosage level (1000 mg/m 3 ) of White Phosphorus/Felt, one of two
larynOes examined displayed a moderate laryngitis while two out of three trac'leae
displayed mild to moderate tracheitis. Three out of six female rats receiving
the medium dosage level of White Phosphorus/Felt displayed a moderate tracheitis
while three out of five male rats receiving the same level exposure displayed
slight to moderate tracheitis. None of the low dosage level animals displayed
laryngitis or tracheltis.

IV. CONCLUSION.

Though the small number of tissues examined prevents a definitive con-
clusion, it appears that the agent, White Phosphorus/Felt produces a dose
related laryngitis and tracheitis when rats are exposed in the manner tested.

"/iMiCO ALLI ON, CPTV
Corr ative Pathology Group
Veterinary Medicine Division
US Army Biomedical Laboratory
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Project Smoke II

White Phosphorus/Felt

Inhalation Study - Thirteen Weeks

"ColonY Rats

Key to Microscopic Findings

Tables 1-4

Number of Animals: Represents total number of animals in each group utilized
in the study. m

Numbers following tissues represent the number of tissues from each group
actually examined.

Numbers following lesions indicate the number of tissues examined showing

the particular lesion.

Tables 5-20

- = tissue present

+ = tissue not available for microscopic evaluation

Numbers Following Organs: First number is number of tissues from males
examined, second number is number of tissues
from females.

Severity of Response

1 Minimal

2 = Slight

3 = Moderate

4 = Severe

P = Present
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APPENDIX F

PATHOLOGY REPORT - 13-WEEK EXPOSURE AND 4-WEEK RECOVERY PERIOD

PATHOLOGY REPORT
PROJECT SMOKE II, WHITE PHOSPHORUS/FELT

INHALATION STUDY PERFORMED FOR THIRTEEN WEEKS IN
EDGEWOOD COLONY RATS
PROTOCOL NO. PEM 78-7

1. INTRODUCTION.

Male and female Edgewoqd area colony rats approximately six weeks old were
exposed to high (1000 mg/m ), medium (500 mg/mr) and low (200 mg/mr) dose levels
of thae agent White Phosphorus/Felt in the form of smoke. The above doses were
administered 15 minutes a day, 5 days a week for a period of thirteen weeks.
Thirty days following final exposure, the rats were killed by intraperitoneal
injection of sodium pentobarbital and necropsied. Since each dose group was.
exposed on different calender dates, separate control groups were at-wiiiW'ith
each exposure group. Controls were placed in the exposure chamber for the same
length of time each day as the exposed animals. Controls were necropsied con-
currently with the exposed groups. All animals were housed in Building E3266
in standard laboratory animal facilities during non-exposure periods. Following
necropsy, tissues were fixed in ten percent buffered formalin. The preserved
tissues were submitted to the American HistoLab, for imbedding in paraffin, pro-
cessing, and staining with hematoxylin and eosin. The following tissues from the
high dose group and controls were processed for microscopic examination: nasal '
turbinate, larynx/trachea, lungs, heart, esophagus, salivary gland, stomach,
simall intestine, pancreas, large intestine, liver, adrenal, thyroid, thymus,
kidney, bladder, ovary/testis, uterus, mammary gland, skin, muscle, prostate,
bone marrow, bone, spleen, nerve, eye, brain, and pituitary. Turbinates were
removed at necropsy for processing. The trachea was sampled from the proximal
portion and lungs were sectioned randomly. The respiratory tracts only (target
organ) consisting of nasal turbinates, trachea, larynx, and lungs were examined
in medium and low dose groups.

2. RESULTS.

Significant findings were limited to the respiratory tract. These data
are presented in Tables 1-3. Microscopic diagnoses from all tissues of high
dose and control rats are presented in Tables 4-7. Respiratory tract lesions
are presented from al' other animals in Tablei 8-13. Lesions were noted in the '
larynx or trachea of 15 of 16 high (1000 mg/m ) dose level rats, 20 of 24
medium dose (500 mg/mi) level rats and in none of the controls. Pulmonary
lesions were noted inll of 16 high dose rats, 6 of 24 medium dose rats and
none of the controls for these two groups. Although none of the low dose
animals exhibited significant lesions, one control (79-0176) for this group
did display the same pulmonary lesion as the high and medium dose exposed animals.
Lesions were most extensive and severe in the larynx and trachea. They con-
sisted mainly of thickening of the lamina propria and submucosa by collagen,
endothelial cell proliferation, and macrophage infiltration. Areas of collagen
were tinctorially different and characterized by an amphophilic to basophilic
appearance. Epithelioid macrophages with giant cell formation surrounded some
of the altered collagen. Overlying epithelium often lacked cilia and was at
times thickened and metaplastic. Occassionally, Inflammatory cells were seen
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in thE epithelium. Similar but much less extensive lesions were seen in bronchi
and bronchioles. These lesions were characterized by focal areas of altered
collagen within the lamina propria. These foci were amphophtlic to basophilic
in appearance and occassionally surrounded by macrophages and epithellotd giant
cells. Small granulomas were noted within respiratory bronchioles. These
granulomas often extended into the adjacent lung parenchyma. The granulomas
were characterized by swirling configurations of histiocytes and epithelloid
macrophages with giant cell formation.

3. DISCUSSION.

A number of incidental lesions were observed in various organs of the high
(1000 mg/m 3 ) dose group. These lesions either occurred sporadically or with
equal frequency in both exposed and control animals. Smoke-related lesions
were limited to the upper airways and to a lesser extent, the smaller airways
of the lung and the parenchyma adjacent to the terminal bronchioles. Since
only the respiratory system was involved in the high dose animals, examination
was confined to this system in the medium and low dose groups. All lesions
attributable to the smoke were of a chronic inflammatory nature, characterized
by collagen degeneration, and thickening of the lamina propria and submucosa
of airways by fibrovascular proliferations.

Nasal lesions consisting of focal squamous metaplasia and a slight inflam-
matory cell infiltrate were seen in one high dose animal, accession number
78-910F. It is felt that lesions may have been present in other exposed animals
as well; however, the sampling technique precluded our observing this. In light
of this, it is recommended that a more systematic approach to studying the upper
respiratory tract lesions be followed in subsequent studies.

4. CONCLUSION.

Rats exposed to the agent, White Phosphorus/Felt at the 1000 ,g/mg3 and
500 mg/m 3 dosage levels developed a dosage related response characterized by
chronic inflammation of the airways; lesions were most severe in the larynx
and trachea but also involved the lower areas to a slight degree.

~REVIEWED BY:

'I 1(1

MALCOM N. ALLISON, CPT, VC WIL.IAM C. HALL, MAJ, VC
Comparative Pathology Branch U.S. Army
Veterinary Medicine & Laboratory USAMRIID
Resources Support Division

US Army Biomedical Laboratory
30 May 1980
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