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days after the exposure.
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INTRODUCTION
IM (2-isocyanatoethyl methacrylate) is a potential new

now being produced in experimental quantities. The use of this

chemical in coating materials will be restricted to indueers
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. ACUTE INHALATION STUDIES oF 2~ISOCYANATOETHYL
METHACRYLATE (I1eM)
By
SUMMARY

Exposures of rats to IEM vapors for 6 hours at coucentrations of
2, 4, and 7 Ppe showed that LC50 for a 6-hour eéxposure for male rats
is 4.4 ppu, for female racs 5.3 PP&. Exposures of rats to IEM vapors

' for 1 hour ac concentrations of 10, 20, and 40 PPa showed that LC50

for a l-hour exposure for male rats is 24.2 ppm, for female rats ~35
PPB. The cause of death was strong irritation to the respiratory tract
causing severe respiratory difficulties which lead to death from 1 to 12

foreseeable future. The inhalation toxicity of this waterial is not

known; by comparison to other materials containing -NeCw) groups

(especlclly toluene difisocyanate)

the material can be pPresumed to

be toxic at low levels,

Range-finding toxicity data obtained ¢n this labontory1 indicate

that the material is aoderate to low

in acute oral toxicity, with an

LD5Q 1o racs of 670-2000 ng/kg.

Contact of the undiluted material with

the eyes will cause corneal damage that could lead to permanent

impairment

of vision. Undiluted material will cause burns of the skin in s short
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time, especially if confined under lothing. IEM does not appear to

he absorbed through the skin in acutely toxic amounts, but it ha¢ heen
Sﬂownz to cause skin sensitization in guinea pizs. The material was

: : . 2
not mutagenic in certain microbial assays.

The purpose of this study was to determine the concentration range
P y 4
in wrich LCSO for rats would occur for a é~hour éxposure to 1EM vapors

in air and also for a l-hour exposure. Baseu on the results .of this

study, further inhalation éxposures will be plauned.

ANALYTICAL METHODS

The analysis of IEM in air in the low PPm range prescnts diffi-

culties. Previous work in this laboratory showed that "standard” gas

chromatography methods were not satisfactory for use at levels below

10 ppm IEM in air. The problem was presented to

» Analytical Laboratory, who developed a gas chromatography

method suitable for ¢ analysis; the details are given in a report

by Boyle and Blaser.’ the hod deseo

work.

Instrument: Varian 1400

Column: 3% FC-431 on 40/60 mesh chromasorh T, in a glass

column 6' x 2 mm I.D. Carrier is "zero" air, at
a tlow ra.e of ~40 ml/min. Isothermal at 105°c.
Column conditioned with N, at 150°C 16 hours,
then several days at llO“E with air.

Sample lcops: Glass, 2 om I.D., each having a volume of

3 ml. aAll connections in the chromatograph
are made with 1/16" glass-lined stainless
steel tubing. Valve is an 8-port, ‘zero
volume” valve.

Detector:

Flame ionization, 225°C. H

5 flow 30 ml/min;
air 250 zl/min.
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Standardization vas donc by injecting 10 yl of a solution of IEM

in C'HZCI2 into a 5G6-1iter Teflon~1lined Polyester plastic bag, using

the so-called "U-tube" technique. The concentration of IEM in the

- CHZCI2 solution was mede sc that the concentration of IEM in the
Plastic bag was che same as the intended concentration to be ysed in
each given exposure. Linearity of response of the gas chromatograph
was shown to be satisfactory; duplicate injections of standard (once
the GC column had stabilized for th- range in which it was to be used)

gave satisfactory repeatability,

EXPOSURE CHAMBERS AND VAPOR GENERATION

Six-hour Exposures

A 4.3 n3 Rochester-type inhalation chamber was used for the 6-hour
exposures. For each exposure, 10 Fisher 344 rats of each sex and 7-9
weeks old, were placed in a group of four 9" x 9" x 14" cages (5 rats
of each sex per cage). The cages werz closely grouped in the center
of the chamber on *he top shelf. The line which sampled chamber air
for analysis was placed with its opening in the center of the group of
four cages, just at the top of “he cages; presumably what was then
beasured is the concentration of IEM in the air just before it reaches
the rats (air fiow in the chamber {s from top to bottom).

In some preliminary tescs, vap-.r generation by metering liquid
IEM into a heated flask appeared to give erratic behavior.# Therefore,
the vapor generation method employed consisted of passing air through
a perforated plate distiilation column (15 plates) while liquid IEM
was continuously recirculated from the flask below the column to the

top of the column, so that each plate in the column had s small layer

*Because of the difficulties of generating a steady concentration of
1EM vapor 1in air, and the difficulcies of analysis of IEM vapor in
air, priviouc - halation studies on IEM from this laboratory should
probably be ignored.
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of liquid on it. Each stage of the column, once steady state operation
was reached, exhibited a good frothing action, and it vasg thus assumeqg
that air leaving the column was saturated with IEM, Calculations from
Vapor pressure data supplied by Thermal Lab showed that, ar 23°¢,
Saturated air contains 250 ppm of IEM. Ajr exiting from the distilla-
tion column was immedjately diluted into the main ajr flow into the
c* mber, at a3 dilution factor appropriate for the given exposure. Te
w found that the analytical concentration of IEM ip the chamber for
each exposure was only about 1/2 the calculated amount. Therefore,
during the 6-hour exposures, analysis of chamber air was made at least
Once every half hour, and as often as every 3 minutes during start-up.
Any deviations from target concentration were corrected as soon as
possible by appropriate adjustment of the air flowing through the dis-
tillation column.

Three 6-hour eéxposures were done at target concentrations of 7, 4
ar- 2 ppm of IEM in air. The calculated time-weighted averages baseq
On analysis were 6.82 PP®, 3.96 ppm, and 2.03.
1-hour Exposures

These éxposures, done at consideran.- higher concentrations, were
dore . a small 150~11irer Rochester-typl :nhalation chamber; the vapor
gener '€ apparatus described above dov- not have sufficient capacity

to supply [EM Vapors at coucentrations as high as 40 ppm to a chamber

as laree asg ] m3 Or greater. Because of the much smxller volume of the

chambe - employed, it was necessary to do each exposure to a given tar-
get concentration twice: the first exposure using 10 male rats, the

second erposure using 10 female rats. For each exposure, 10 Fisher
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344 rats 7-9 weeks old were placed 1in two 9" x 9" x 14" cages (5 rats
per cage). The two cages were placed on the top shelf of the exposure
chamber. The line which sampled chamber air for analysis was placed
with its opening between the 2 cages, just at the top of the cages;
Presumably what was then measured s the concentration of IEM in the
air just before it gets to the rats.

Vapor generation was done precisely as described above for the
6-hour exposures, except that the air dilution factor was, of course,
much smaller so that the required concentrations coula be reached.
During these one-hour exposures, analyses were made every 2 minutes
throughout each exposure; adjustments were made in air flow rates as
required to hold the vapor concentrations as steady as possible at or
near target concentrations for the duration of each expcsure.

Six one~hour exposures were done, 2 (males and females) each at
target concentrations of 40, 20, a~d 10 ppm of IEM in air. The measured
concentrations and stand. “d deviations were: 36.32:2.48 ppm (males),
36.57+1.67ppm (females); 20.39:.78 ppu (males), 19.77:1.09 ppa (females);
9.742.56 ppm (males); 9.71+.42 ppa (females).

ANIMALS

The animals were Fisher 344 rats, 7-9 weeks old. Each exposure
group and the control group consisted of 10 rats of each sex. Animals
were weighed just prior to éxposure, and approximately 3 times/week
thereafter. Surviving animals were maintained in the laboratory for
2 weeks after exposure, and then were submitted to necropsy. Any rat
dying post exposure (nome died during any exposure) was promptly sub-
mitted to necropsy. Necropsy consisted of gross pathological examina-

tion, but no histologic examinations were made.




RESULTS

6-hour Exposures

Exposure to 7 ppm IEM (6 hours): During exposure, all rats showed
progressively increased signs of eye and nasal irriiazion and respiratory
difficulties. Just after exposure there were signs of eye irritation,
and dried dark red-brown exudate on the noses; respiratory difficulties
appeared to have dimirished, only =light rales being observable in a
few raivs. However, 16 hours later there was evidence of severe
respiratory distress in all animals exposed. Of the 10 male rats
exposed, 2 died between 24 and 32 hours post exposure, 4 died between
32 and 48 hours post-exposure. A seventh rat was found to be clearly
moribund 72 hours post~exposure; and was sacrificed and necropsied.

The remaining 3 rats survived 14 days until sacrifice and necropsv, but
all showed severe and morotonous weight loss until sacrifice. Of the

10 female rats so exposed, 4 died between 24 and 32 hours post-exposure,
3 more by 48 hours post-exposure. The remaining 3 rats survived 14 davs
until sacrifice; one of these showed essentially monotonous weight loss,
but the other two, afte. severe weight loss, eventually began to gain
weight and reached normal weighc levels.

Exposure to 4 ppm IEM (6 hours): Signs in the rats during and post-
exposure were essentially the same as in the 7 ppm exposure. but
s.ightly less pronounced. Of the 10 male rats expcsed, 6 died batween

32 and 48 hours post-exposure. The survivors showed essentially mono-

tonous weight loss until sacrifice 14 dzys later, but appeared to be

stabilizing at that time, with 2 rats showing weight gains just prior
to sacrifice. Of the 10 female rats so exposed, 3 died between 24 and

32 hours post-exposure, the resr surviving until sacrifice. After




severe fnitisl weight loes, 6 of the 7 Survivors re-gained we'ght and
wer: st normal levels at sacriffce, but the seventn showed essentially
aonotenous weight loss to sacrifice.

Expusure to 2 ppm IEM (6 hours': Signs ia the rats during expo-
Sute ware siight, and Just after tie 1/2-hour venting pericd post-
2xposure they appeared normal. None of the rats, either male or femaiz,
died post~: xposure 4p to sacrifice 14 days later, All suffered a severe
initial veight loss (more severe in the males than the females), bt

then began to gain weight ard had reached normal levzls by sucrifice,

L€5Q éaxtaiationss 8ive tne following resuits:

Males (6~hour exposure) LCSG = 4,44 -m (951 CL 3.21-6.53) -

Females (6-hour exposare) LCSO = 5.27 ppm (952 CL 3.98-7.99) -

Exposure to 40 ppm IEM (1 hour}: Sigrs in the animals develoved
ich move quickly than in the 6~hour exposures. During expcsure, all rats
shoved signs of eye and nasal irrita:fon and respiratory difficulties,
After exposure and a I0~minute venting pericd, both the male and female
rats, vhen removed ‘rom the Tt er, shousd dioiatonea signr of respiratory
difficulties, out did show 1.7 'red breathing, stains on their noses,
and appeared lethargic.

Cf the 10 male rats exposed, 2 died within 24 hours post-exposure,
¢ sore died within 100 he.._ - s03t~2xposure. The six male survivors to
this point, after having shnown severe initial weight losses, appeared
0 be stabllized in weight 2t 1 week post-exposure, bur shortly there-
after lost weight raplily and steadily, with 4 more dying in the 1llth
ts 13th day poat-exposurs The twe Tats surviving tc necropsy at 14
4872 post-exposure coutinued to lose weight, showed labored breathing,

and were extremely iethargic,
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Of the 10 female rats exposed, 2 died 4 days Post-exposure, 3 more
died in the llch and 12¢th days Post-exposure. The five survivors
appeared to have stabilized in weight prior to necropsy, and did not
., show abnormal signs.

Exposure to 20 ppm IEM (1 hour): Signs during and post-exposure
vere similar to those seen in rats exposed to 40 PPm IEM, but to lesser
exteant. The females apparently tolerated the eéxposure better than the
males. The 10 males exposed showed severe weight losses, then appeared
to stabilize at about 7 days Post-expoaure, but *then 9 of the 10 lost
weight rapidly, and four of these died on the 10th and 11th days post-
exposure. Five of the six survivors continued to loge weight rapidly
throughout the l4-day Post-exposure per’ +d, showed labored breathing and
extreme lethargy; the sixth, however, iaining weight and appeared
normai. The 10 females showed severe temporary weight losses, but 4-5
days post-exposure their weights stabilized, and at the end of 14 days
all their weights were near normal and all had a normal appearance,

Exposure to 10 pPm IEM (1 hour): Sign3 during exposur * were slight;
fcmales ghowed no signs Post-exposure, and males showed no signs except
for slight stains on the noses of a few. All the malas and
females showed weight losses Post-exposure, but in only one male and
one female was the logs severe, and all rats of both sexes wvere gaining

wejight and apparently ia normal condition 1*~days post-exposure.

LCSO calculatiouss gave the following results:

males (l-hour exposure) LCSO = 2.42 ppm (95% CL 17.8~33.4)

females (l-hour exposure) LC50 36 ppm (insufficient data
for statisticel treatment)

Observations on mortality and weight changes for both the 6-hour

and l-hour exposures are summarized i{n Table 1.




PATHOLOGY

Six-hour Exposures

Rats Exposed to 2 ppm IEM Vapor

All male and female rats exposed to 2 ppm IEM vapor survived the
li~day post-exposure observation period. Gross pathologiz exarination
revealed no grossly visi-le lesions in any of the male rats. Examination
of the female rats in this group revealed focal pneumonia in the lungs
cf 5/10 and focal atelectasis (collapse) in the lungs of 1/10. These
rinimal lesions in the lungs of the femaie Tats were considered to be
wu® T exposure fo vepors of IEM since _ o7 lap ~-2irms of the lungs are
observe: e o Wt K ; vl of this age.

wemao. TM Vaper

0f the rars enposes u 4 ppm IEM vapor 6/10 males and 3/10 females
died within 48 hours after exposure. In general the rats that died had
porphyrin—contaLning secretions ~r the facia] regions adjacent to the
eéves, nose and/or mouth. This was considered to be an indication of irrita-
tion of the ocular and nasal mucous membranes. Corneal or conjunctival
alterations indicative of eye irritation were observed in 4/6 males but
not in the females that died. Examinaticn of the int -nal organs and
tissues of the rats that died revealed viriable evidence of upper respir-
atory irrication such as inflammation cf the nasal mucosa (rhinitis),
and excess quantities of gaseous material in the gastrointestinal trac..
Congestion of the lungs which was observed in some rats may have been

indicative of an effect on this organ. Congestion of the liver and

kidners which was observed in ratg that died was considered to be an

agonal event and not a primary effect of treatment,




All male rats killed at the end of the lé-day observation period
had patchy areas of pneumonia usually accompanied by lnflammatory exudate
in the trachea and/or bronchi; decreased quantities of ingesta within
the gastrointestinal tract; decreased deposits of adipose tissue, and a
shrunken, atrophic appesrance of the thymus. In the surviving female
rats 2/7 had focal pneumonia; 4/7 had decreased deposits of adipose
tissue, and 1/7 had a shrunken, atrophic thymus. The focal pneumonia
observed in the surviving rats was considered to be ind{cative of
probable irritation to the lungs whereas the cbservations of decreassd
deposits of adipose tissue and thymic atrophy were interpreted to be

secondary effects related to stress incurred as a result of primary ef-

fects of the test material on the respiratory system.

Rats Exposed to 7 Ppm IEM Vapor

Seven of 10 male and 7/10 female rats exposed to 7 ppm IEM vapor
died or were killed in a moribund condition within 72 hours post-expo-
sure. Of these all but one wale died within 48 hours post-exposure.
Most males and females that died had accumulations of prophyrin-contain~
ing secretions on the facial region (eyes, nose and/or mouth); decreased
ingesta and/or increased quantitias of gaseous material in the gastro-
intestinal tract; congestion of the liver and kidneys, and several had
alterations of the corunea and/or conjunctiva. Of rats that survived
the l4-day post-expoeure observation period: 3/3 males and 1/3 females
had focal pneumonia and thymic atrophy, and 3/3 males and 2/3 females
had decreased deposits of adipose tissue. Thue, the lesions in the rats

exposed to 7 ppm IEM were similar to those described above for rats




exposed to ¢ ppm 1EM.  The toxriological signifinarca sf tiese lesion.
“as 130 sinila  te that discuised hove f2. rars exocosen o 4 ppr TFEM
Vapor. A va ety of olait pathoiopi . 27a%1ois <are muserved in . . v
a sw2ii v=r of rats within an exvosure gToup “hrse | teration: were
either considered to he spontaneous in natu,e and unrelated v. creatmeat
Or wi-re not considerid to se criticsl inm chavacterizatioe ~° the toxico~

logical response in these ,ors and fhus were not discus.ad individually.

One~hour Exposures

Rats Exposed to 10 ppm IEM Vapor

Four m1le and 4 feawale rats fror the grour exposed to 10 ppm IEM
examined at the end of the l4~day observs _on ar < had no lesions
could be attributed to tr2atment with th. test :.:te-ia}

Exposed to 20 ppm IEM Vapor

Ten male and 3 female rats from the group exposed ta 29 ppm IEM
were subjected to gross pathologic examination. Focal r loidiness of
the cornea o: one eye was the only grossly visible 1esions shaavrved
in the female rats that was considered to be possibly :elated to treat-
ment. Four of 10 male rats in this group died during the l4-day chser-
vation period. These deaths were considered to be due to treatment
with the test material. In general, the males in this group, whether

submitted dead or alive, .ad lesions of the respiratory system, {i.e.,

congestion of the nasal mucosa, focal pneumonia and failure of the lungs

to collapse normally upon opening the trachea and bronchi that were

considered to be primary effects of treatment with the test material.




Cloudiness or opacity of the cornea of one or both eyes was observed

in 4710 wales and was also considered to be a treatment-related effect.
In addition, decreased deposits of adipose tissue and/or dehydration
of the tissues were observed in most of the males. These were con-
sidered to be secondary effects incurred 4s a result of the failure of
the rats to consume normal quantities of food and water which, in turn,
can be attributed to the preumcnia observed in these rats.

Rats Exposed to 40 ppm IEM Vapor

Eight male and 5 female rats in this group died during the l4-day

observation period. These deaths were considered to be due to treat-

ment with the test materiai. Gross pathologic examination of all 10

zale and 10 female rats in this group revealed a variety of grossly
visible lesions that were indicative of irritation of the upper and
lower respiratory passages. Lesions observed that were considered to
be indicative of vespiratory irritation were as follows: exudative
material around the external nares in 8/10 males and 4/10 females;
congestion of the nasal turbinate mucosa in 7/10 males and 2/10
females; inflammatory exudate in the nasal passagevays of 6/10 males and
2/10 females; focal pneumonia in 6/10 males and 3/10 females; failure
of the lungs to collabse normally upon opening trachea and bronchi in
3/10 males and 3/10 females; areas of congestion and edema of the lungs
in 1/10 males; diffuse congestion of the lungs with focal atelectasis
in 1/10 females, and distention of the stomach with air which is indi-
cative of upper respiratory obstruction in 5/10 males and 2/10 females.

Cloudiness of the cornea Hf one or both eyes was observed in 2/10 males




vhich vas cousidered to be a probable effect of treatment. 4 variety

of other Pathologic alterations such as dehydration, decreased deposits

of adipose tigsue, thymic atrophy, congestion of the abdominal viscera

or liver, and a roughened appearance of the haircoat were obgserved
which were considered to be secondary effects that were incur:ed as a

result of inflammatory esions of the respiratory system,




CONCLUSIONS

Mortality and wveight data are sumnarized in Table ], Clearly, all
the adverse effects scen sre dose-related, and appear to be somewhat more
severe in the male rats than in the female rats (such difference between
ability of the sexes to tolerate toxic insul: ig common) .

As & result of these studies, it is reasonable to conclude that the
acute inhaiation toxicity of 2-1aocyanatoethy1 methacrylate 1g roughly

similar to that of toluene diisocyanate (TDI). The LCSO for ratst

Interpolation between the results for the one-hour and 6~hour exposures
to IEM reported herein would estimate the LCS50 for exposure of male
rats to IEM to be % 7 PP8. The difference between a 4-hour LCSO of
7 ppm (IEM) and of 14 FPe (TDI) 1s not regarded as significant, parti-
cularly because, in the two compared studies, the vapor generation
sethods were different, anslytical methods were not comparable, and

different strains of Tats vere employed.

*Presumsbly male rats, but the sex and source (strain) of the rats were not
stated in the reference quoted.




Table 1

BODY WEIGBT EFFECTS RESULTING FROM ACUTE EXPOSUKES
TO 2-ISOCYANATG ETHYL METHACRYLATE

Males Femaleg
Severe Temporary Severe Temporary
Dose Weight Weight Weight Weight
(Nominal) Loss Loss Dead Loss Loss

l-Hour Exposure
10 ppm 0/10 1/10 ic/10 0/10 1/10
20 ppm 4/10 3/10 10/10 9/10 7/10

40 ppm 8/10 10/10 10/10 5/10 10/10

LC50-24.2 ppom (957 CL 17.8-33.4) LC50 36 ppm

6-Hour Exposure

0/10 0/10 10/10 0/10 0/10 8/10
10/10 10/10 3/10 4/10 10/10

10/10 10/10 7/10 8/10 10/10

i 3.21-6.53) LC50 = 5.27 ppm (95% CL 3.98-7.99)
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