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Executive Secretary
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Dear Mr. Greif:

These comments are submitted in response to an ITC Refjiest
for Information published in the Federal Register Vol. 47 No. 3%..
Thursday, February 25, 1992,

The list of candidates to be given priority consideration for
the promulgation of a Toxic Substances Contrel Act Section 4(a)
testing rules includes CAS 822-06-0 1,6-diisocyanatohexane
("HDI"). Mobay Chemical Corporation is the only commercial U.S.
producer of HDI.

It is Mobay's position that a TSCA Section 4(a) testing rule
for HDI is not necessary for tne foliowing reasons:

1. Total U.S. production was less than 11 million pounds
for the year 1981.

2. More than 99% of the HDI produced for the U.S. market is
consumed internally by Mobay to produce higher molecular
weight biuret polyisocyanate products. The estimated
quantity of HDI which enters the environment during
production and use does not exceed 20,000 pounds per
year.

Industrial hygiene sampling data show that human
inhalation exposure during production and use is

minimal. Human dermal exposure during production and use
is minimized througn the use of appropriate protective
equipment.
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‘husan exposure is negligible. Once the

" costing system is applied and cured the HDI is reacted
;;7;p@igg;gg;gh!;7hﬁlnnfeoneqegwiqmpossiblai

-8, The structure of HDI is unrelated to other substances
_known to present an unreasonable risk of injury to human
—-health or-the environment. - - - -

-6+ HDI has been adequately tested for acute and subchronic
-~ toxic effects. Mutagenicity testing has been done and
results are negative. Hobay has bagun toxicity testing

on HDI for caccinogenic and other chronic toxic effects.

7. Purther testing is not necessary in order to adequately
--assess the environmental and health effects associated
with HDI production and use.

- The facts supporting our position that HDI should not be
included in the TSCA Section 4(e) Priority List are set forth in
detail in the document entitled Response to the Interagency
Testing Committee for 1,6-Hexamethylene Diisocyanate which is
attached. All necessary testing is completed or in progress and
environmental and human exposure to HDI are minimal. We urge the
Interagency Testing Committee to withdraw HDI from review for
designation to the Section 4(e) Priority List.

Very truly yours,
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Vice President-Scientific,
Environmental and Medical Services
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RESPONSE TO THE INTERAGENCY TESTING COMMITTEE
FOR 1,6-HEXAMETHYLENE DIISOCYANATE
I. Identification

CAS Registry Number: 822-06-0

Name: 1,6-Hexamethylene Diisocyanate

Synonyms: HDI, HMDI, 1,6-Diisocyanatohexare, Mondur
HX, Desmodur H

Structural Formula: 0=C=N-(CH2)6-N=C=O

Molecular Formula: C8H12N202

Molecular Weight: 168.18

II. Physical Properties
Refractive Index: 1.453020

Viscosgity at 25°C: 1.25

CPS
Partition Coefficient (Octanol/water):

Can not be

measured because HDI reacts with both solvents.

Other Physical Properties: See Mobay material safety

data sheet No. 0213 dated March 1, 1982, {Attachment 1)




1. Resction vith water

__Like all isocyanates, 1,6-hexamethylene diisocyanate
- (HDI) will react with water as shown in the following
_ general reaction scheme:

]
R-NCO + HZO—-?-'R-I'C-C-OH —->-R-NH2 + COZ (1)
H
R-NCO + RNHi-e"R-F-C-v-R (2)
H H

Since HDI is a di-functional isocyanate, polyureas are
also formed in addition tc¢ the simpla N,N'~disubstituted
urea shown in equation (2). The rate of reaction of HDI
w;th water to form the amine and 0, was determined by
Cooper et al (1) to be 0.5 x 104 1 mole™! sec™?

at 100°C.

An example of this reaction which is of great
commercial importance is the production of Desmodur N as

follows:
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"/,c-ﬂ-(cuz)e-u=c-o
0=C=N-(Ci,)q - + €O

i
é-N-(CHZ)G-N=C=0

2

Desmodur N

Desmodur N is thus a biuret polyisocyanate. Greater
than 99% of the RDI produced for the U.S. market is
consumed internally at Mobay to produce HDI biuret
polyisocyanate. Thus, broad public exposure to HDI

monomer is not likely.

2. Reaction with Alcohols

The reaction of HDI with an alcohol results in the
formation of a urethane as shown in the _ollowing

eguation:

YO

R.-NCO + R,-OH—>—  R.-

1 2 1-N-C-0R
H

2

The rate of reaction of HDI with a pcly (ethylene
adipate) at 100°C was determined by Cooper et al (1) to
be 8.3 x 104 1 mole! secl.




3. Resction vith antnes

" HDT will react with primary and secondary amines,
yielding the corresponding substituted ureas:

e -9

C o
Ry-NCO + Ry-NH,—>=  R,-N-C-}-R, (4)
. H H

RK
RI-NCO + NH —3>—

Ry

4. Dimer and Trimer Formation

Isocyanates can dimerize slowly to form a uret .ione;
however, aliphatic isocyanates, such as HDI, do not form
dimers as readily as aromatic isocyanates. 1The

dimerization reaction is shown in %the following

equation:

/// \\\
R-NCO —> R-N N-R (6)
\c/
]

0
With the appropriate catalyst, HDI will trimerize,

forming the following isocyanurate structure:




. 0/ ['Q/C\\O
R

At elevated temperatures, typically greater than 200°C,
isocyanates will trimerize, as shown in equation (7), or

form carbodiimides, as shown in equation (8}.

R-NCO —=>—R-N=C=N-R + CO2

Production Dat=z

2Annual Production: 9 to 11 million pounds

fomVae N e P wmd TV et cmmcae A= menm
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Approxima
monomer., Ninety nine percent of the remainder is
consumed internally by Mobay to make higher molecular

weight biuret polyisocyanate commercial products. Less

than one percent of HDI reaches the United States market

as HDI Monomer. This portion is =2ither sold directly as

Mondur HX o c¢ontzined as a residual monomer at less




~—~1V. - Human Exposure During Production

f?ositble“koutas"of Exposure: Inhalation, Dermal
Number of ?eople with Pctential for Exposure during
of their Worh-Year: Approximately 50

Number of People with Only Occasional Potential for
Exposure During Their Work-Year: Approximately 105

Airborne Concentrations

0f 115 area samples collected in 1981 (some samples
taken each month from February through November), 59%
showed no detectable airborne HDI using an analytical
method sensitive to 0.01 ppm, 20% showed HDI

concentr tions between 0.01 ppm and 0.02 ppm and 20%
showed concentrations greater than 0.02 ppm with the
arithmetic wean of this last group of samples being 0.04
ppm. It is important to note that these area samples
were collected for the purpose of detecting sources of
vapor generation (e.g. leaking pump seals) rather than
to evaluate actual personal worker exposures. ‘hus

samplers were often placed right beside a suspected
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point of generation and left there much longer than a

person would actually stay in that position. Even so,
about 80% of the concentrations measured were below the

0.02 ppm Mobay suggested exposure iimit fecr HDI.

Exposvre Controls:

1. Closed system production minimizes exposures.

2. Walk-in hoods ars used at drumming stations.

3. Exhaust hoods are fitted over sampling ports to
control vapors when liquid quality assurance samples
are taken.

Personal protective equipment including slicker
suits, boots, gloves, visors, goggles and full face

supplied air respirators are available and used a3

needed.

Greater than 99% of the HDI produced for the U.S.
market is consumed internally at Mobay to manufacture
higher molecular weight biuret polyisncyanates. (See
Part II, 1. and Attachments 2, 3 and 4) These resinsg
are used by Mobay's customers to formulate polyurethane
paint systems for automobile refinishing, industrial

maintenance, marine coatings, and other similar markets




which require such high performance coating systems. At

time of manufacture the HDI biuret polyisccyanate resins
contain lgss than 0.7% free ﬁDI:nononer. This

_ percentage has been shown to slowly rise to as high as

i 1.6& dqging storage. Since these resins are mixed with
other paint components before the paint is applied, the
free HDI monomer percentage in the paint systems at time

of application is usually less than 0.5%.

Human Exposure During Use

Approximately 204,000 people worked in auto body repair

shops i the United States in 1981(2). About 75% of

these shops used some paints which contain small amounts
(<0.5%) cf HDI. Thus 153,000 workers in such shops have
a potential for minimal exposure to HDI. In addition

there are approximately 50,000 other industrial workers
st hhasra do e b inimal avnaanra +a HDT

WWAENS BAGAV @ - - A e —— @ emm -
Field industrial hygiene surveys conducted during the
spray-application of HDI-containing paint systems

revealed the following:




Airborne HDI

__3
Cencentration Number of
Range (ppm) Samples Pexrcentage
0.04 1 1
0.015 to 0.02 11 9.2
0.010 to 0.,0i49 10 8.4
0.005 to 0.0099 16 13.4
less than 0.005 _81 68.0
119 100.0
These data were gathered during six different surveys
during the period 1978 to 1982. Each of the six surveys

invelved spray application of polyurethane paints
containing small amounts cf residual HDI. These data
suggest that although the potential number of exposed
workers is rather high, exposurz to airborne

concentrations exceeding Mobay's suggested exposure

r

iimit {(0.0z ppmj is uniikely. This would be expected

based on the small percentage (<0.5%) of HDI moiiomer

present in the paint at time of application.

In addition to conducting such industrial hygiene

surveys, Mobay's industrial hygienists and product

safety specialists are involved with writing and

up-dating of material safety data sheets (Attachments 1




: m 4) pmuesomy labels (Attachment 5) and general

'gg;-tftty lito:atu:t‘fittachlint '6) designed to inform our
cunto-.rs of the precautions they should take in the

'ﬁfbcelilﬁgwiﬁdwﬁiimﬁf'dﬁt'ﬁfbﬂﬁétl.

 Bnvironmental Release During Production

There are only two production units which are potential
sources of environmental release. One is the HDI
production unit (See Attachment 7) and the other is the
biuret polyisocyanate production unit (See Attachment

8).

A. HDI Production Unit

Release to Air

All of the process off-gases from this unit are
collected by a common vent system and sent to the HC1
production unit. There, the HCl1l is recovered and the
remaining off-gases are incinerated after first passing
through a carbon adsorption unit. Before entering the
common vent system some of the off-gases pass through a

counter current scrubber.




The production facility is equipped with a spot vent

|
system to reduc: exposure to the psrsonnel. This syscem
includes a totally enclosed hoou and a small portable
hood both of which vent through a scrubber. This systen
operates only during collection of liquid quality

assurance samples. Thus air emission of HDI from this

source is negligible.

There are two 30,000 gallon and one 80,000 gallon HDI
storage tanks. The total annual air emission from these
three tanks (calculated using approved EPA methods)(3)

is 11 pounds.

Release to Wastewzter

Because of the chemical reactivity between isocyanates
and water, the process is designed so that the only

wastewater streams are from the off-gas scrubbers and

The water from the process sewers

clean-up operations.

is sent to an NPDES permitted wastewater treatment plant

where it is treated by neutralization, aeration,

clarification and carbon adsorpticn.

HDI would probably not be found in any scrubber water

since it would react with water to form the amine or

urea.



t&&'t_ir V‘t‘i t:llinq 4in th‘ process ar:a is
f.laceud ané txaated in - NPDIS pcrui :ted wastesater

~ Solid/Liquid Waste

The yu.tp;ltill botzqué £from the HDI production unit is
a hiéh viscosity resicuz which is collected in a 2500
gallon hnlding tank, It is tchen pumped into a tank
trailer for transpc-tation to an on-site liquids
incinerator. Muring ‘nrcineration the residue is pumped
directly Zrom the trailer to the incinerator to avoid

emiassions during t}'.2 transfer operations.

“The 1liquid incineratc: typically operaces at 900-950°C
with a retention tir: of 1-Z 3econds. The incinerator
is equipped with 2 Ventiri gcruiber with caustic
neutralization to treat ali ofZ-gases. Dariag 1981 3.33

x 105 Kg of residues was incinerated on-site.

During those times when the on~site incineiator cannot
handle all of the residuas it is first mixcd with wet
sand to destroy residual isocyanate. During 1981, 1.27
x 105 Xg of tbis mixtu-: which is approximately 50

percent sand was aiLloped off-gite to a Class I approved




landfill. Of this quantity 1.4 x 104 Kg was still
bottoms which contained up to 20% HDI prior to treatment
to destroy residual isocyanate. The remainder is

expected to contain very little, if any, residual HDI.
B. Biuret Polyisocyanate Production Unit
Release to Air

All off-gas from the reaction is passed through a
natural gas flare which is designed for 100% combustion
efficiency. This flare operates at approximately 2000°F

and has a diameter of four inches.

There is one other source oi HDI air emissions in the
biuret polyisocyanate production unit. This is a spot
vent system which is similar to the HDI production unit

system. (See Section VII, A, Release to Air)
Release to Wastewvater

The prccess is kept free of water because of the high
chemical reactivity between isocyanates and water. The
only water which might come in contact with HDI is
equipment cleanout water. It is treated in the NPDES

permitted wastewater treatment plant.




M Wﬁif’ falling in the process area is collected
7" and treated in a WPDES permitted wastewater treat-ent

C. Pugitive Emissions

Fugitive emissions are dafined as those emissions not
passing through a stack or vent. FPugitive emissions are
estimated not to exceed 120 1lbs./year for the HDI unit
and 100 1lbs./year for the biuret polyisocyanate
production unit.

Environmental Release During Use

Greater than 99% of the HDI produced for use in the
U.S. reaches the end user in the form of a paint system
containing less than 0.5% free HDI monomer. The
greatest potential for environmsntal release of HDI
during use of these paints is during their spray
application. The industrial hygiene sampling data
presented in Section VI readily show that airborne
emissions to the environment during spray paint

application are negligible.
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HDI which would be collected by a waterwash spray booth
would be converted to the urea (see Section II) which is
essentially non~reactive. Despite attempts to detect
HDI emissions from the stacks of waterwash and dry

filter spray booths none has been detected.

Persistence and Bioaccumulation

Since HDI reacts with water to form amines and ureas

(see Section II) there is very little chance that j
will persist in the environment and/or accumulate in the

food chain as monomeric HDI.

Toxicology

A. Mutagenicity

- Pr oo R S w g 4
-2 Fiv) vai iy VL

other isocyanates for mutagenicity in the Salmonella

typhimurium microsomal assay system. The authors did

not detect any mutagenic activity when HDI was tested
against three S. typhimurium strains (TA 100, TA 98 and
TA 1537) with or without metabolic activation. No
further published or internal studies of the mutagenic

potential for HDI were located.




’ f!f5,éitéinuﬁihiéiifpl!orltogcnicity; and Reproductive

7 Bffects

lb internal or published reports relevant to the

‘possible carcinogenic, teratogenic or reproductive
effects of HDI were located.

C. Acute Toxicity

The NIOSH Criteria Document for Diisocyanates (1978)
cites various acute toxicity values from the published

Iiteratﬁre.(s’

The following report from the Bayer Institute for
Toxicology contains results of acute toxicity

investigations of HDI:
Kimmerle, G., A. Eben and B. Solmecke:
Dasmodur H Toxicological Experiments. Report
No. 2146, July 8, 1970

(A copy of this report is attached as Attachment 9.)

While acute oral, dermal and inhalation toxicity
results from HDI administration are reported in the




literature, the following particular values Zrom the

report cited above were not reported in the literature.

Acute Inhalation ncso {Male Wistar II Rats)

(1-hour exposure) = 0.29 mg Desmodur H/liter air (40

Ppm)

(4-hour exposure) = 0.15 mg Desmodur H/1 (22 ppm)

Five 4-hour exposures = >0.0285 mg Desmodur H/1

(>4.2 ppm)

Symptoms of exposure and other details are given in the

report.

Acute Oral Toxicity

fmala wakeol
A add r

T e e

(male mice) = 1.885 mi/kg (1.54-2.31 ml/kg)

~ 1.0 ml/kg




rrm,,,s;-ptc-l of exposure and other details are given in the

“Acute Dermal Toxicity

ID;, (male rats) = 0.5 ml/kg
(4 hour exposure)

Other details are given in the report.

Opthalmic and Dermal Irritation

Application to rabbit ears of 0.5 ml of HDI for
one-half hour resulted in severe reddening and swelling
with subsequent cauterization of the skin which was
still visible at seven days post-exposure. Instillation
of 0.05 ml of HDI into the conjunctival sac of rabbit
eyes resulted in severe irritation of the conjunctiva

and sclera. No corneal opacities were noted.

Dermal Sengitization

Dermal sensitization to HDI was not detected in guinea
pigs either through the Landsteiner technique or through
skin painting.




Other Inhalation Studies

A report from Younger Laboratories (June 9, 1966)
describes the effects of exposure of male rats to Mondur
HX vapor for 6 hours. (A copy of this report is

attached as Attachment 10.)

A report on HDI Sensory Irritation is in progress in

our toxicology laboratory.

The LCSO determinations of HDI aerosol in male and

female rats contained in Report 6200, June, 1976, of the
Bayer Institute for Toxicology (Kimmerle, G: Acute
Inhalation Toxicity of Diisocyanates, Polymeric
Isocyanates and Varnish Systems in Rats) are published
in: Bunge, W., H. Ehrlicher a-41 G. Kimmezle, Medical
Aspects of Work with Surface Coating Systems Using the
Spraving Technigue,

Arbeitsmedizin, Arbeitschutz und Prophylaxe, Vol. 4,

Verlag fuer Medizine Dr. Ewald Fisher GmbH, Heidelberg,

1977. (See Attachment 11)

Another unpublished report [Henschler, D.: Comparative
Studies on the Inhalation Toxicity of Toluene

Diisocyanate (TDI) and Hexamethylene Diisocyanate




~ University Institute for Toxicology, Wuerzburgh,

. West Gdfuinjijd;guiiy 21, 1971] compared the acute and

~_'subchronic inhalation toxicity of HDI and TDI. The

"'purpéne of the studies reported was to furnish
__documentation for the establishment of a MAK for HDI.
(A copy of this report is attached as Attachment 12.)

One study in the Henschler report compared the
inhalation toxicity of HDI and TDI at 4, 2, 1 and 0.3
ppm on five successive days, six hours daily, in mice,
rats and guinea pigs. Briefly, HDI and TDI were found
to be similar with respect to observed effects on
mortality, general behavior, body weight gain and

survival time.

Another study in the Henschler repcrt compared changes
in respiratory rate and depth in guinea pigs exposed to
0.2, 0.1 and 0.02 ppm TDI and HDI for, in most cases,
two hours. Briefly, at the 0.2 ppm level HDI was felt
to hzve a greater effect on respiratory rate and depth
than TDI. At 0.1 ppm the effects of exposure were
reduced but similar for the two materials and at 0.02

ppm no effects of exposure were clear.




piffusion capacity and oxygen consumption were measured
in mice exposed to 0.5 or 1.0 ppm HDI and TDI. At these
concentrations no significant differences were seen
between TDI and HDI; both compounds produced reductions

in diffusion capacity and oxygen consumption.

D. Subchronic and Other Toxic Effects

The reports cited above (Bayer #2146 and Henschler,
1971) report on animal studies involving subchronic
inhalation of HDI. In the studlas reported in Bayer
Report #2146 groups of 20 male rats were exposed to ADI
at average levels of 2.0 or 0.2 ppm four hours per day
five days per week for four weeks. At the 2.0 ppm level
some adverse effects were observed (depressed general
well being, labored breathing, depressed weight gain,
gross pathological findings in the lungs, relative organ
weight increases in adrenals and testicles) as compared
to the controls. Rats exposed to 0.2 ppm HDI
demcnstrated no adverse effects as compared to control

animals.

In the Henschler studies, groups of rats, mice and

guinea pigs were exposed to HDI or TDI at levels of 0.1

and 0.03 ppm six hours/day five days/week for four




'?ifébéii;?:ﬁiﬁ:ﬁétaﬂ;éohiféi groups were included for the

7;,b3 ppm expoiu:e studies. Interim sacrifices occurred

,;atﬁdiy§ 2,W16?an5,30 of a 30 day observation period
'?'éoliowiné éiﬁosure to the test materials. At the 0.1

- -ppm exposure level body weight gain was comparable
between the groups of rats exposed to the two
“materials. In mice, TDI at 0.1 ppm depressed body
weight gain. No compariscn of TDI and HDI couil be made
in guinea pigs due to concurrent infections in the TDI
animals, At the 0.03 ppm level no depression of body
weight gain was noted following exposure to TDI or IDI.
Increased relative lung weights were noted in mice
exposed to both materials. The effect was more
noticeable in the TDI‘exposed animals, particularly at
the 0.1 ppm level. In exposed rats less pronounced
increases in relative lung weights were seen; again, as
in the mice, the increases were relatively greater in
the TDI exposed animals. No increased relative lung
weights were noted in guinea pigs. Histopathological
examination of the lungs from the HDI and TDI exposed
animals indicate ohly minor deviations from normal. No
pathology was noted which could be attributed to HDI or

TDI exposure.




Copies of the protocols for 21 and 90 day inhalation

studies on HDI conducted by Mobay are enclosed as
Attachments 13 and 14. Reports of these studies are

being prepared.

E. Ecological Effects

No internal or published reports relevant to the

possible ecological effects of HDI were located.
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Material Safety Data Sheet for Mondur HX (No. 0213, 3-1-82)
2. Chemistry for Coatings (Cl1-1-2)
3. Product Data Sheet for Desmodur N-75 (C2-10-B)
4. Material Safety Data Sheet for Desmodur N-75 (No. 1016,
10~7-81)
5. Label for Desmodur N-75 (1-22-81)
6. Safety Considerations Relating to Urethane Coatings
(C2-17-1)

Mobay Protocol for 21-Day Inhalation Toxicity Study with
HDI.

Mobay Protocol for Subchronic Inhalation Toxicity Study
with HDI.
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" TOXICOLOGICAL EXPERIMENTS

by
Dr. med. Georg Kimmerle
Dipl.-Chem. Anneliese Eben
Dr. vet. med. Brigitte Solmecke

This report or excerpts of it are not to be copied. If required,
further copies can be provided by the authors.




Preparation

Chemically pure hexamethylenediisocyanate (Desmodur H) was used for
the experiment. The liquid boils at 248°C and has a vapor pressure
of 5 torr at 112°C.

Animals

Male NMRI-mice (weight 18-22 g), male Wistar-II-rats (weight
160-200g), male Wistar-II-SPF rats (weight 130-150g), female
Pirbright guinea pigs (weight 300-500 g) by breeder Winkelmann,
KIrchborchen; rabbits and cats of both sexes, not pure-bred.

After the respective experiments, the animals were kept

individually in cages at a room temperature of 21+2°C. The cages
were lighted daily from 7 A4 to 7 PM. Mice, rats, guinea pigs and
rabbits were given pelletized Altromine feed and water, the cats
received Whiskas and milk ad libitum.

Levnardmant Nasad ve
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The compound was administer;h in o0il in the oral and cutaneous
experiments. It was given at such a concentration that the animals
received each time 0.5 ml1/100 g body weight.

The inhalation tests were performed with solvent-free aerosols or
vapors of Desmodur H with the dynamic inhalation apparatus for rats
developed by us (NIESSEN et al., 1963). The following equipment
was used as aerosol or vapor generators:

1) Cyclon: modified according to GAGE (1968)




‘diluted by sdding dry air. At higher sir
) 1 s rejected before through a
' ntrations were calculated from
‘g:h¢~azpliod amount of air.
e interior of the inhalation

~still lower concentrations, the

eparator and diluted with air.

2 11 Atomizer: B L SR L
; fi:ili”'tcitli:?uu;fuucﬂ"tumto-t~of,themexpertnents, The
 serosols were also diluted with air and then fed into the
. _apparatus. T
030y Vaporizer o o :
% In the experiments with very low concentrations, 3 liter
air/minute flowed through about 40 g Desmodur H in & Fritten
- wash bottle, was diluted with additional air and fed into the
“rat apparstus. The wash bottle was standing in ‘a water bath,
in order to keep the temperature constant.

‘The air was analyzed as follows: Hexamethylenediisocyanate can be
determined according to a method developed by VON EICKEN (1Y58)
vhich was somewhat modified by us. It is based on the
.saponification of the substance into diamine, which is subsequently
reacted with 2,4-dinitrofluorobenzene into the respective
2,4-dinitrophenylamine. The extinction of the yellow solution is
measured at 355 my and 10 mn layer thickness in the Zeiss

Spectrophotometer. For the absorption of the substance from the
inhalation air, we used 3 absorption containers arranged in taadem,

- AR £21_.%\ L aan

wicih were fed wtih diﬂﬁlyimiféﬁi&é I‘ 0.1 o HCL {1:1) (sec S%E!!,
Report No. 1994 of April 7, 1970). '

The Tables of the experiment results under "Toxicological Result”
mean:

1. Number = number of animals

2. Number = number of animals with symptoms

3. Number = number of animals used.
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The observation time after the completion of the acute snd subacute
inhalation tests was each l& days.

The calculacion of the average lethal dusage (DLgq or LCgq) was
done according to the LITCHFIELD and WILCOXON method (1949).

The following evaluations were made in the subchronic experiments:

a) Daily observation of the rats

b) Veekly measurement of body weight

¢) Clinical laboratory evaluations at the end of the exposures
a) Blood evaluation at each 5 rats per coancentration

Definition of the hemoglobine content as
cyano-methamoglobine (BETIKE and SAVELSRERG, 1952),
Definition of hematocrite according to HEDIN;

Count of the erythrocytes and leucocytes in the Coulter

Counter, Model D;
Calculation in the color coefficient (HbB-value) and the

average erythrocyte volume (MCV);

Count of the thrombocytes (phase contrast method according
COUPEISSLY and LUEDIN, 1949);

Evaluation of the differential blood count (smears dyed

according to PAPPENHEIM);
Definition of the prothrombine time (quick test);

Liver function tests on each 10 rats per concentration

Definition of the activity of the glutamic acid - pyruvic
acid - transaminase (GPT) and the blutamic acid -
oxalacetic acid - transaminase (GIOT, REITMAN and FRANKEL,

1957);
Definition of the activity of the sorbit-dehydrogenase

(SDH} in the serum (HOLXER et al., 1955);
Definition of the activity of the alkaline phosphatase

(ALP) in the serum (BESSEY, 1946) ;
Definition of the activity of the leucin-amino-peptidase

(LAP) in the serum (TUPPY, 1962);

Urine tests and kidney function tests at eachlQ rats per
concentration.

Urine tests for glucose, zlbumun and blood with
Combi-Uristix test rods (Merck),




on in the serum -cco:ding co HENRY (1964),
1ﬂg Acg.‘gtutni couceutratiou in the serum

&Lt ”rthc ll:t c:poiutc. ‘all rats were anesthetized with
_ tht: and exsanguinated. The subsequently ‘disected animals were
" checked for macroscopically visible changes. The weights of the
,;Qiltv0r. cplcea. kidneys, adrensls, thyroids, testicles and lungs
. were mesasured.
’Ihykgalculatton,bf average values of the animal weights, the
' sbsolute and relative organ weights as well as the average value
;;gggpggggpn,quQQnéwonﬂ;he IBM computer Type 360/44. Fox the
. average value comparison we used the test according to WILCOXON
- (1947).

”;"Thc tvatuctton of primary skin-damaging effect was done by fixing a
piece of cotton saturated with Desmodur H on the skin of the rabbit
ear. The effect on the mucuous skins was checked on the rabbit

eye..

In guinea pigs, the test for skin allergizing effect was performed
dize ¢ the rescmmandations of US-FDA (see enclosure).
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RESULTS

TOXICITY AT ONE-TIME APPLICATION

i. Oral Application

The material was administered via a stomach tube.

Male Rats

’ Intoxication
Desmodur H Toxic. Results Symptoms peath after

Dosage after 14 days No. of days
ml/kg N start | End

0/0/15 -
0/15/15 2h 3d
0/15/15 1h 7d
<5/15/15 50°' 7d
! 1/15/15 40 7d
14/15/15 35° -
X 15/15/15 30° -

NH=O0000

DLy, (24 days) 0.913 ml/kg (0.797 - 1.05 ml/kg)

s = 1‘3
Highest dosage without any finding: 0.1 ml/kg
Lowest lethal dosage: 0.75 ml/kg




ts | Iotoxication | ..

I “avnotons | Death
S e mmas - -’YPP§°" — Aftar
,';""?fﬁ‘j_;:‘ St!g;;_iisndr | No. Days

= 0/0/1% T w -
. Oo/15/15 = | 60' | 3d
--3/18/18 | -30'~]| s4
6/15/18 20° 6d
7/15/15 ~18' 74
10/15/18 ., 12¢ 7d

Result: DLy (14 days)  1.885 ml/kg (1.54-2.31 ml/kg)
S = 1.8

x"'ﬂighest dosafe without any finding:
Lowest lethal dosage: '

v ) Intoxication
Desmodur H Toxicol. Results . Symptoms

, : « after
- ml/kg = 14 days start

X 0/2/2 2,5h

- 0/2/2 2h

ol 0/2/2 - ih

. v 1/2/2 20°
~

Result: DLso about 1.0 ml Desmodur H/lg

Highest dosage without any finding: <0.1 ml/kg
Lowest lechaf dosage: 1.0 ml/kg

14
’
et

Intoxication Phenomena:

Depending on the dosage, after 10 minutes up to 2 hours the general

‘well-being was scverely reduced and had a slight sedative effect in

rats, mice and cats. Thesc intoxication symptoms remained up to =
one week. Death always occurred within 24 hours. ,




2.

Desmodur H was applied as 257 solution in oil to the
eritoneum of nage rats, which was shaved the day before.
ecausc of the inhalation danger through evaporation, the

animals were breathing fresh air through a mask. After 24

hours the skin was cleaned with soap and water and the animals

were observed for 14 more days.

Desmodur H | Toxicol. Result Intrxication | peath
Dosage after Syn.otoms occurred

. fter
ml/kg 14 days start | End :o?enays

0,1 0/5/5 ah 5d ~
0,25 0/10/10 2 4n 4d -
0,5 2/10/10 =, 4h 7d 1

Result: DL50 4-hour exposure >'0.‘ a1l Desmodur H/kg.

First an edema formed at the treated area, and then after 3 to
4 hous necrosis and finally a scab formed.




fe results of the l-hour, 4-hour or S-times 4-hour exposures
.xats ‘to Desmodur H are shown in the following Table:

[ pesmogur | . T
V 1 ””Tmnu'uOn T - - A 77‘?2201 * Result
" mg/l air : . 14 days

- (analytically)

"~ 1,960
10,975

0,684
0,590
0,415
0,345
0,316
0, 260
0, 245
0,238
0,079

10,071

0,495
0,432
0,393
0,136 .
0,0905
0,056~
0,0358
0,0319

, 0163

3

e

B o o 3N B D B A e el b bk ek b (et Gt bt b b ek

.

&

<}

Sx4

17/20/20
14/20/20
15/2 /20
19/20/20
9/20/20
8/20/20
6/20/20
14/20/20
6/20/20
11/20/20
3/20/20
1/20/20

19/20/20
20/20/20
19/20/20
2/20/20
6/20/20
1/20/20
0/20/20
0/20/20

0/20/20
0/20/20

? o’ 0285 Sx4
v

0.29 mg Desmodur H/1
air (40 ppm)
4-hour exposure 0.15 mg Desmodur H/1
-aixr (22 ppm)
> 0.0285 mg Desmodur H/1

air (>4.2 ppm)
After the exposures were complete, the rats were severely
damaged, had labored breathing and were lying on their -
sto.nach. During the observation time the breathing continued
to be labored and the general well-beinf was severely reduced.
Some lost body weight. Death occurred in most cased within 24
hours. A few deaths, however, occured later. The disection

Result: LCgo 1-hour exposure

Sx4-hour exposure




:oxté;pﬂéﬁnéﬁttisrwith

1n the following two tests each 20 male rats were exposed for 4
- weeks on 5 subsequent days per week daily for 4 hours to
- aversge concentrations of 2 ppm ox 0.2 ppm Desmodur H. 20 Each
" rats served as control group. They wete only exposed to air.

osure of Rats at_ 2.0 ppm_Deswodur H

MY TR T T

During the exposure the rats exposed to Desmodur H had a lower
eneral well-being, and partially lsbored breathing. The
ollowing Table lists the average boay weights of the rats at

different times. .

Body Weight in g after pifference between

Test GtO“J - Weeks Initial and Final
R We%?ht

At | '
start 1 2 | 3 4

| xontrol < “140 170 | 191 ] 210 | 224 84
Desmodug_ | 140 | 158 | 171 181 | 189 49

The body weight increase of the rats exposed to Desmodur H was
significantly lower (p < 0.01) than that of the control group.




Hematological Evaluation:
The average values are listed in the following Table:

Test Grovp (¥t |Ery. | g | Leuko. T,:)‘g;"" HAm - | 1CY [oine
- | v |1 ' e
% 1 % Time
(sec.)

Control 15,7 16,46 | 19 10,3 | 819 _| 50 60 13,2
Desmodur § 15,2 |8,58] 18 13,1 | 738 | so | s9 12,9

The results of the evaluation of the white blood count are
summarized in the following Table:

Differential Blond Count in %

Test Group - small large
Stab: Segm. Lymph. |Lymph.

S

Eos.

Control o o | & |21,9] 72,3 | 5,0 |o,6
Desmodur | O o o,1]25,2| 66,5} 6,9 |[0,6

o~

The hemaCOloéical values were all normal.

Liver Function Tests:
The average activities of the serum enzymes of both rat groups are

¢ompiled in the following Table:

o~

ﬁhst(hnup

GoT | epT | spu | avp | LaP
mU/ml
Control 34,1 19,7 1,5 164,7 15,4
Desmodur 35,3 17,3 1,6 153,1 14,4

No difference resulted. All activity values were within the normal
range.




1n'tu thulogical values
ne of the tested

lvetnp urea- and cruuni.m conccntu:iom are lieted in the
'golloulng Thble: o

T | CREATENENE
- Test-Growp . . T /100 ml

Kontrol’ 37,3 0,88
B Dcsuodur 35,2 0,99

““These values also were within the physiological range.

: Disec:lons and Organ Weights:

The lungs of rats exposed to Desmodur H had macroscopically
changed.

The average organ weights of the liver, spleen, kidneys, adrenals,
" thyroids, testicles and lungs determined in the disection, are
listed in the following Table:

Average absolute organ weights in mg

Test @D\P ) g@ o _ l_, _ .A_‘..;_.__._ .A.._.i-lménh
. g W Iang rmvet ipmllmiays L 3 B e

Kontrol .| 224 13,4 | 1081 |9316 _436' 1592 | 35,3 | 279
Desmodur 189* | 12,0 | 949+« |7588*%] 363* 1403* 32,5%| 274:
N

* gignificant difference in control group (p <0.01)
significant difference in control group (p <0.05)




The average relative organ wei

listed in the following Table:

ghts (each 100 g body weight) are

Test Growp

Average relative organ weights in gy

Thyroid

Lung

Liver

Spleen

Both
Kindeys

-

]
Adrenals

Control
Desmodur

6,0
6,4

183
501

1163
4015

195
191

710
T~
742

15,8
17,20

*
(o]

The absolute weights of lung,
rats exposed to Desmodur H wer

the control

because due to the lo

Difference to control
Difference to control

groups.

w body weight,

insignificant toward the control groups.

reduced and relatively enlarged in ¢

testicle weight were also increased.

4-week- Exposure of Rats at 0.2

Neither intoxication nor irritati

4-week test.

The following Table
the rats in relationship to the te

he exposed rats.

group significant (p 0.01)
group significant (p 0.05)

liver, spleen, and kidneys of the

e significantly lower than those of
This, however, was only a false effect,

these organs were relatively
The adrenal weight was
The relative

on effects were found during the
shows the average body weights of
st period:

~

Test Group

Body weight in g after weeks

At
Start

1

2 3

4

Weight Difference
Start/End

4

Control
Desmodur

1410
141

170
161

215
217

191
194

234
2410

94
929

No significant difference res

the two rat

groups.

ulted in the body weight increase of




Throm-

ery. | my Leuy h

. 10 vy 1

”‘j'f:‘ lsl& 35‘3 19} 3',’6”""’ 800
{16,2-18,83/ 19 | 6,9 | 826~

“w

o Ddfﬂnnn;ﬂﬂ.!@podtxmnt:h\t
SIS small  large hthar
JgJJdgdl.[Stab, Segg: Lymph. |Lymph. Eos,
22,8 11,0 |5,2 lo,6 | 0,4} o
(o] 0

[pesaodur o o, 12,8 83,2 | 3,2 |o,8

'"ﬁiﬁe'ﬁéiitOIogicAI values of both groups were within the normal
range.

Liverxr Fuanction Tests:

- |IkcorT : SDH
Test Growp
mU/al

Q
B 24,8 14,6 1,1 93,1 14,0

1,4 100,8 | 13,9

Control
De’sm?dur 23,6 13,6

All activity values were within the normal physiological range.
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Urine Tests and Kidney Function Tests:

The urine tests did not result in any pathological fiandinge,
The average urine and creatinine concentrations are listed in the

following Table:

UREA CFEATENENE
mg/100 m1-

Test Group

Control. 37,8 ) 1,18
Desmodur 40,4 \ 1,20

All values were vithin the physiological range.

Disections and Organ Weights:The disections of all rats showed no
macroscopical changes of the internal organs which could be caused

by the expcsure to DesmodurH.

The organ weights found in the disection are listed in the
following Table as average values:

Body Average absolute organ weights in my

Test Group | Weight . ] ]n Both
4 Thyroid |Heart| I)mg | Liver 3p, Kid Adrenal

Control 234@ 9,7 670} 977 [10040{ 545] 1460 43,6
Desmodur 239 10,3 674] 982 9964 540} 1497 43,7

The average relative organ weights (each 100 g body weight) are
lised in the following Table:

Average relative organ weight in mg

Test Group [‘Bod'a

Thyroid l?amd: Lung |uiver $pleen Kid drenals| Testicles

Control 14,2 285 417 4274 232§ 622 18,7 |1185
Desmodur 1,3 282 112 4152} 225| 624 18,2 1132

The absolute relative organ weights of the rats exposed to
Desmodur H were not significantly different from those of the
control group.




"Qadtrﬁ_slbately dot;c;gd by one person.

:}bab_,"i!idé;ﬁcféd,Syflil three persons.

'O&Gfrﬁaﬁ easily detected, 2 persons had slight eye
irritations.

'iﬁlry sffong odor, signtficant eye and throat
- irrication, uncomfortable after longer exposure.




SKIN FUNCTION TESTS
Priwary Skin-Damaging Effect

a) Experiment cn_the Skin_of Rabbits

About G.5 ml Desmodur H was placed drop by drop on a
piece of cotton and bandaged into the inner side of
the outer ear of rabbits for %X hour. This caused a
severe reddening and swelling with subsequent
cauterization of the treated skin areas. This effect
was clearly visible up to 7 days.

About 0.05 ml Desmodur H were applied to the
conjunctiva sack of a rabbit eye (2 animals). This
caused severe damage of the conjunctiva and the
scleren (reddening, swelling and cauterization). No
changes were observed on the cornea.

Secondary (allergizing) Effect on Guinea Pigs

Results at intracutane injection:

Pre-Injection Re-Injection

¢
:

Degree of Swelling fam Degree of
Reddening Reddening

o
°
a

SOAUAWN

- w w W w w w

(=X -]

L W S L WY
- W W W W W W % W W ® W W w
O T W o

-

o OOOOOOPOOOOQC\O
Sdl NN agqMpOoNO®O

Al aLpgaocoand -

Pt
[
o
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These tests show that in none of the cases a higher irritating came
about due to the re-injection or post-treatment than in the
pre-treatments. A skin-sensitization through Desmodur H was not

found in guinea pigs
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DISCUSSION

As an aliphatic isocyanate, Desmodur H hzs the typical
toxicological properties of the isccyanate residue.

The acute oral toxicity of Desmodur H is low and the compound is
absorbed through the skin only 2t a low rate. The acute inhalation
toxicity of Desmodur H can be considered medium high. At lower
concentrations, however, it should have no practical importance at
high irritations in the respiratory system. After longer exposure
a concentration of 2 ppm was found damaging in rats; but 0.2 ppm
was tolerated.

Desmodur H has very high primary skin and mucuous skin damaging
properties., A skin sensitiring effect in the guinea pig could not
be found through the intracutane injection or through brushing the
skin with the solution. Such effects, however, have occurred in

workers.




2.

ithe Lcs

70,913 ml/kg

 male wouse p.o. 0.885 ml/kg
7 male rat . cutaneously 0.5 ml/kg (4 hours)

o-values at inhalation of Desmodur H were as follows:

 wmale rac 1-hour exposure’ 0.29 og/l (40 ppm)
 male rat " 4-hour exposure 0.15 mg/1 (22 ppm)

male rat Sx4-hour exposure  >0.02585 mg/l (> 4.2 ppm)

- _Male rats could tolerate 0.2 ppm of Desmodur H, during a

4-week exposure {20 times 4 hours). A concentration of 2 ppm
was harmful to the animals, but caused no hematological changes

‘and dllugec of the liver and kidney function.

Desmodur H has a severe primary skin and mucuous skin damaging

_effect in rabbits. A skin sensitizing effect could not be

found in guinea pigs.

Dr. Kimmerle
Dipl.-Chem. Eben

Dr. Solmecke

Dr. Lorke
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' Vhltc Iale gulnea pigs welghing 300—500 grans ‘and suhsisting

'on a co-erciol rabdbit pellet ration supplenented with greens

(kale or lettuce) are identified, and hair “removed from back

- and flanks by close clipping. A 0.1 per. cent solution or sus-
Vrpens;on in physiologlcal aallne of tne material to be tested

is 1njerted intracutnneouqu. using a 26-gauge hypodermic needl,
-The injections arc made every other dey or three times weekly,
until a total of ten have been made. The ten sensitizing in-
jections are made at random in_an area of the back and upper
" flanks. This aroa measures gy;eg or four centimeters square.

The retest injcction is made in an area juet below the region
or sites of the eenaitlzing injecticne. The first injection
consists of 0.05 nl., while the remaining nine injections
consist of 0.1 ml.’ each Two weeks after the tenth injection,
a retost injection ie made, using 0.05 ml. of a freshly prepare
solution or suspenaion as before. Twenty-four hours following
injections, readlngo are made of the diamoter, height, and
color of rea&}lon. A comparison of the reaction following retec
is made with the average of the roadings taken after each of
the origipnl ten injections. If the value for the~retest readin
is substantially highor than for ths average of the ten original
readings, the nubotance can be considered to have produced sen-
sitization. The dogree of scnsitization is proportional to the
increase in the final recading compared to. the average of the
roeadings following the ten original doses.

Oode for Degree of Reddening
Zeichenerkllirung Rotungsgrad:

o.B. without finding
gnans goring very low
gerving slight

mianig medium

stark severe




S wnt. 10
YOUNGBR LABORATo*uzs
lZﬁcAbuméﬂk. ..lzazaﬂuzaoéyuudk... Analiysts

@wf»/w@l‘e a/ Rlualysis

June 9th, 1366

; 53

123 CLIVF CAVE ROAD
 SAINT JLOUIH, MO., 63120

-4
PHONKS TILOKN G-2640

PTG (TR G0 B W, A
Lox @ sae Guma i

SUBJECT -

Toxicolocical- Investigation 0f: .HOt.'DUR H)
_Monganto Zaample Kumbor 128
¥:nsanto Project Number Y-6€-113

STUDY CCNDUCTED FOR -

Momsanto Company, St. Louis, Missouri

EXPERINENTAL PROCEDURE ~

Vapor Inha.".aﬁion (Male Rats)

’ Four mature male ruts were j oy A7
expoaca for &ix houss to a of> rentr..t:ed 13 r0o ‘rc of vapors produced by passing
& Gtrecam of air throuss : the compound contained in a

250~milliliter Srlelys
Vapors from the f£/:/i ed INET—xTANisar suove dropiets and then

M.r n.ov throur,h 1\' sanapla A7 fous iiters per minuta as measured by a
calibrated Tctamet\: M inis 7is sufticient to viclently agitate the liquiad.

- . No supplesestary air ¥dtroduced inacmuch as the above ahpply s nmplo for
the animals oxygen requirementa. . -, . -«
The animals wors observed {or behavior and, since thore were no dcaths, all vere
held for ten daye observation. ' . e

The data sre .Qh.q"n 'S.n' Table 'Io_:'-

SUMMARY -

" Vapor Inhalation (Male Rats)

" All anicals survivsd the f.d.x ho.u- exposuro os well as tho following ten day

. observation poriod. .

. It was concludad that tho vnpsra were nud).y torde undor canditions of thc test.

LeLl .

YOUNGER LARORATORIES

~

C:fi::::;(f:9l‘- "%L ‘:‘““:_,I-c —

. BYt FRED H. YOUM




IMMTIOI Ol‘ 'HOIDW K% VALYORS BY RATS

"m‘. Tﬂmﬂtm Iﬂﬁi‘o ch“hl' * % e s e e s e e s 0. ?5‘, P
Avonan loht!.vo lmud!ty Incide Chagber « ¢ o o o 0 o 0 o & 7 %

Anmmtormplo-ro start ewesrrecse 10:;.0 ce
) R'c"’m ®essevsee ‘}9.5 cc
Vaporized or loit
in ognillcnt esse O+4 cc (00“)

Animal No. - Sex _..Fate Obusrvationgs During Fxpogure

1- Kale Survived Considerable discownfort in five
2.- m. - Survived ginutss ...
5 = Male Survived L'Ye-i partially closed ...

4 - Male Survived 251) d.‘..ucl‘.arge oo

0Oceascicnal dyspnea cee
Nild weatness ...
"Reducod activity.

nzswssxou - -
Ax) ui.aah ourvivod the six hour exposurs as well a3 the fo..lo'ri.ng ten day
observation period. .

It was concluded that the vapors were mildly toxic under conditions of the test.

The fumes weore moderately irritating to the pasal end ocular mucosae soon aftor

. ntar't of exposure. Activity reduced considorably and some weakness was detected.
Bronchial reles did not develop. HWormal activity and appetite returned in
forty-eight to seventy-two hours. )

The material in this repnt iz to Lavend o devmopment of
ths prodast and raay b2 giran ¢, o Il LA Jaln enlan conlacts,
bud i i1yt tobon-m'j A N “rdye oz enuy. The
BouTed et mruiveist S s f Y Lpn ! f-~'l wnil ‘L zppnezs
ia frcat piteat nag Y TR --":\.'1' lpdrale -
may bo muda withut viia 02 s cwsi oF 0 g 3 vl RDeparts

. ment in 88 Lovie. Costaze: b . L e et matters of
umcaty aro to bo refeszad 3 cof3za i t.n.: M.an.:al Baputr :
ment ia St, Lou.s focroply. ,

-—l(o




Attachment i2

PRELIMINARY REPORT FROM THE UNIVEZSITY INSTITUTE FOR TOXICOLOSY
WUERZBURG, WECT GERMANY
January 21, 197:

Title: Compacative Studies on the Inhalatioan Toxzicity of Toluene
Dilisocyanate (TELI) and Hexamethylene Diizocyanate (XDI)

Toxicity studies with TDI and HDI were done in the Institute for
Fharmacology acd Toxicology between 1968 and i970. The goal of these
studies was to furaish documentation for the establishment for au MAC value

- for HDI. These siudies were based on the assuxption that the MAC valuz for

T T IBY (2, % "and ¥,6- Tsowese) of 0.02 ppa Is well Founded tFZoush h

: experimental texicclogizal studies and field experience on workers. Based
on the assuaption that HDI correspords cempletely qualitatively to TBI and
that its effezt quantitatively at least approaches that of TDI, an
experimentsl toxicological comparative study limited to zcute and
subchronic tests could supply adequate documentation for the evaluation of

HDI.

Proceeding on this basis , tha following tests were done:

A. Acute and subchronic toxicity on three types of animals (rats,
wice and guinea pigs) during repeated 6-hour inhalation.

Change in che respiration of guinea pigs under the influence of
low concentrations (a:t the MAC value and above).

Effecc or the diffusion capacity and the oxygen futake in the
lungs of test mice fcllcwiag single 6-hour exposure at nou-fatal
coacentrations.

1. Production of defined TDI and HDX concentratfons in a‘r
for the dynamic exposure of test animals.

Difsocyanates were released in a sintering bottle (see
I1lustration 1) with flowing, pre-dried nitrogen
{rutometrically measured), and entrained isocyanate droplets
were precipitated in a searator, the primary mixture was mixed
vith air (cotcmetrically metered) in a mixing bell, and was
ccnuucted to an exposure chamber with three grid plates. The
zxposure chamber was a hexahedral column with a diameter of
approximately 60 cm and 1.80 w high. After ruaning through the
exposure chamber (approximately 15-fold air exchange) the
isceyanate-air wixture was let off through a roof exhaust.

Determination of the {sccyanate concentratiors predominant
in the test room.

a. TUI: Method by PILZ (1956).

b. HDI: Method by PILZ and Johann (1970).




tica: NeRI, Pemale, 24.5  (19.5-34.4) g, (ainimuam
”Idlcill.'qixlayn"ftnal weight). Ceatral Institute for Tast
~Anissl Sreedfng, Hannover.

b, Rats: VISTAR, Pemale, 167.5 (127-207) g, Cectral
Instituate ‘tor Test Animal Breeding, Hannover.

- . Guissa Pige: PIRSRIGHT, 276.3 (187-429) g, E. Spock,
Gelnhausen. i

e 4. - Acute Inhslation Toxicity (One-Week Tests)

mmIﬂ.Gich.£8lﬁnlllicl,-tCn_l1¢l,—£30—:.£‘,—lﬂd—f&¥.—g«&n‘.—p&g‘——-~———~—*~~*
wvece used with one concentration of one of the diisocyanates.
On “ive successive days (Monday thru Friday) the animals vere
. - exposed for six hours ezch (10:00 A.M. to 2:00 P.M.),
) S alternating by week to HDI or TDI. Target concentrations were
¢ ppu, 2 ppm, 1 ppm, and 0.3 ppm (achieved anzlytical average
~councentrations, see Illustrations 2-5). The mortality, the
general behavior, the survival time and the body veight
progression were recorded.

a. ﬂor;alitz

MICE RATS GUINEA PIGS
Survival Survival Survival
Time Time Tiae
(First & (Fizst & (First &
Last Date) Last Date) Last Date)
Mortality In Days Mortality 1In Days Mortality In Days
HDI 10/10 1-7 9/10 2-9 3/5 11~27
4 nnm
01 10/10 3-6 6/10 2-23 5/5 5-8
HDI 8/10 5-7 1/10 6 4/5 8-10
2 ppa
DI 4/10 4-11 i/10 13 1/5 i6
HDI 8/10 5-11 0/10 1/5 14
1 ppm
D1 §/10 6~-14 0/10 3/5 4-13
HDI 1/10 7 0/10 o/5
0.3 ppm

ToI 0/10 0/10 0/5




According to the mortaiicy figures, HDL has a slighily higher
toxicity than TDI; che difference is clearest vith wice, and

less clear with rats. No such trend resulis with the guines

pigs. None of the Jifferences ‘'re, however, significant.

Body Weighcs

The wortality was the highest with the mice and lovest with
the rats, with the guinea pigs falling in the middle. Thig
sequence results at all concentraticas (See Illustrations 2,
3, 4 and 5). At the lowezt concentratioan (9.3 ppm), where the
mortality was close to zevo (i{.e., with the exception of one
mouse all of the animals survived the exposure series}, only
cthe nmice stiii sufferzd losses fu body weight. Overall, the

e e e comparison of the weight curves at corresponding
concentrations does not result in any relevant differeace  ~
between HDI and TDI.

General Behavior and Survival Time

The observation did nct produce any basis to conclude that
there 1s a difference between the effects of TDI and HDI.

Change im Respiratory Frequeecy and Respiratory Depth Uader the
Infiuence of HDI and TDI.

a. Methodology

The tests were done oun guirea pigs. Thers were two animals
in each afr-tight, elongated box, through which the isocyanate
air mixture was conducted (EK, see Illustration 6). Each
animal was plsced in a body plethysmograph (F). The volume
forced with sach respiration in the plethysmograph was
cumulatively conducted through two respiratioa valves (V,
and V., ) under z spirometer {Sp). The spirometer excurslons
are kymographically (Sky) recorded. At the upper and lower
end of the sprioseter excursion, electrical contacts (K, and
K.), which are hit by the recorder indicator, provide a
complete discharge of the filled spirometer, or a return to
zero. The suction of the spirometer content was accomplished
with a water jet pump (WSP); the suction of the pump was
released tarough a valve (EMF) controlled by a relzy

switch (R).
Normal Valives

Illustration 7 shows the normai values of two guinea pigs
during recording over a three~hour period. There was a slight
decrease of respiratory dimensicas over time, caused by a
dissipatica in an inftial slight excitability on the part of
the animals (acoustic and optical stimulation).

-3 -




- minl)
‘hours) snd DX (2 hours). At 0.1 ppm over two hours, the

es (Lilustrations 8
_de s respiratory frequency
eous deepening of rvespiration (compare the
raal condlcions vith tha measured values
oving ccaversion to frritant iohalation: 45, 75, 105 etc.
Y. Tilustration 8 shows the ratios at 0.2 ppm TDL (1%

chsnge ia respiratory dimeansicas is slighter (Illustration 9),

7 4t oceurs -later, and the values return faster and closer to
- the norwe followiang the end of exposurs. At 0.02 ppm

(T1lustration 10) & ‘divhttou from the normal progression is

‘ - mo longer clur,.' ‘

- this -difference-is no-loager certain.at 0.1 ppa.

At 6.2 pp- HDI seems to have a stroager effect tham TDI but

6. Diffusion Capacity and Oxygen Consumption

b.

~ Methodology gmg‘u Illustration 11)

Mice (groups of five animals) are transferred ianto a .
theraostacically maintained receptable (R) where the air is
continually circulated with a membraae pump (MP ); €O, is
removed from this air wvith lime (?), and water vapor 31:!1

" CaCl, (NT = Heat Exchanger). The oxygen consumed is

uplzced ‘through a zpirometer and the replacement is
‘kymographically recorded. At the beginning of the test period
(15 minutes) a small amount of CO is injected iuto the systea
so that a CO concentration of just below 200 ppm builds up. A
menbrane pump (MP,) forces the CO air mixture in the bypass
through the gnduzted curvette (MK) of an infrared printer
(Model URAS 1). The actual CO concentration is recorded oun a
line priater {MLS) following intensification of the signal
current (V). The inhalation (?Abataung?) curve (logarithaic

Py $12ocandcad an dachla lasarithm naper. and the

prvtl:.i; is iiasavised
slope (?Anstiagsvwinkel?) of the line is a criterion for the

diffusion capacity of the lungs.

The CO diffusion (expressed as a percent of the inicial
values before isocyante exposure) fluctuates a maximum of 8x
&t the normel value (Illustration 12), and the oxygen
consumption a maximum of 12% with normal anizals on repeated
exposure on two successive days. If wice sxe subjected to
1socyanate concentrations of 1 or 0.5 ppm for six hours each
and the diffusion capacity is repeatedly determined on six
successive days, then the values drop signfificantly below the
aora both for the CO inhalation and for the oxygen
consumption. At 1 ppm, the decrease {8 gsharper (illustration
13) than at 0.5 ppm (Illusivation 14). The deiicit is still
not completely equalized at 1 ppm sfter six days.




The individual valoes fluctuate considerably; this can be
actributed to externsl conditions (excitement, noise and light
stimulation). It can be seen that there is no significant
difference between ihe effect of HDI and that of TDI in the

concertration ranges tested.

7. Subchroaic Toxicity (Four Weeks Test)

TDI and HDI were tested on animals for four week3, six hours
daily, five times a week (Monday thru Friday) in concentrations of
0.1 ppm or 0.03 ppm. For each concentration of esch material, tec
rats, twenty mice aad ten guinea pigs were used. In s four-week
secies (0.03 ppm TDI), the sase aniamal types and nuabsrs were run

as controls.

IN..JIAL WEIGHTS (GROUP AVERAGES OF THE ANTHMALS) LN GRAMS:

GUINEA PIGS RATS MICE

TDI 0.1 ppm - 151.4 23.9
0.03 ppm 289.7 183.5 26.3
HDI 0.1 ppam 335.8 163.7 22.0
0.03 ppm 325.8 159.4 z1.9
Controls 340.7 183.5 25.C

The following wers tested: body weights, the lung weights (2)
sixteen and thirty days subsequent to the last six—hour exposure,
the pathohistology of the luungs aud tracheae each on ome-third of

the anizals on the same dates.

TDI and HDI Concentratfions Measured in the Test Room

The target concentrations (0.1 and 0.03 ppm) were usually aot
yet rzached at beginning of testing since a certain amount eof
cautfion was taken to avold extreme overdoses. The resulis of
the six-hcur averages and of the given minimum and maximum
values are listed ir Illustrations 15 and 16. The overall
averages are about at the ideal level; with HDI there were
occasional difficulties (interference from the formation of
the ted coloring material, cause unknown), so that the
deviations from the ideal value are greater here.

6.1 ppm TOI and RCI

The guinea pigs ugsed at 0.1 ppm TDI died of zn infection
(staph 7). Otherwise, there were no fastances of death. The

body weighcs are separated by animal type but they are




for. both of the dlisocysnates.
otn L fference batween
the coutse of one test week, howvever, a
of the body weight increase can be scen
7 During the weekends when
sertain recovery occurs. -In mice
ear difference is observed: 7TDI
7 ore than RDX; in the TDI group actual
igh _ & to 8% of the initisl weight. The

veekly , o spparent here. In the guinea pigs,
‘the TDI group was sliminsted because of an infecticn
. .- (staph 1); the body weights at O.1 ppm HDI sre showa in

" ‘Illustestion 19. Compared with the coatrol aninals
‘(Illustration 22), the body weight increase is somevhat less

- -.,*“_--...n..i‘nutun: S Cam

~¢. 0.03 ppm TDI and HDI

- Mo deaths occurred. With the rats (Illuscration 20), the
-body weights increased both with TDI and HDI somevhat faster
than was the case with the control snimals, but the difference
was not sigoificant. The slightly higher values with HDI
could be attributed to the lower initial weight. With mice
(Illustration 21) the weights of the TDI group are slightly
telow the control animals, and the weights of the HDI group
were clearly above; the obviously lower iaitisl weight is
probably also the cause here. With guinea pigs (Illustratioa
22), body weight development iu both test groups is
significantly faster than with the coatrol animals. Here as
well, it sust be taken into accouat, that the initial weights
in che TDI group are the lowest and those in the coatrol group

are the highest.

Overall, at 0.03 ppm, there is no detectable impairment of
overail condition based on observation of body weiguis,
neither from TDI nor froam HDI.

d. Relative Lung Weights

The values are listed in the following table in a systeaatic
overviev.
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Lficant on the 16th and 30th
| of exposure. It is soticeable that,
development of the body weights, the
{8 stroager than that with HDI, both at the
“the lower coacenttation. With recs the
ve generally slighter, but vith TDI they are again
ol - . There is no difference vith

All lumgs, the weights of which are 1listed in the preceding
Table, were aleo histologicslly exsmined.  The result: - ouly = "
iasignificant deviations froa the normal profile, none of

which are related in any way to the type, inteansity, or

duration of the fsocyanate exposures.

(Professor Dr. D. Henschlar)

CC:e107/026
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21-DAT INHALATION TOXICITY STUDY WwITH HDI

Study Director: fangha
Technician in Charge: Elzie
‘Cliudcal Lab: Brewer
Analytical Lab: Moore
Pathology: Hoss
Animal Care Superviscr: Mallicoat
Quality Assurance: Schroeder

TEST SUBSTANCF.

Chemical Name: 1,6, Hexamathylene diisocyanate

Chemical Formula: O-C-N—CHZ-CHZ-CHZ-CHZ-CHZ—HZC-N=C=O

Batch No.:

Puricy: 99.832

Physical Appearance: Clear, yellowish liquid
Storage: At room temperature under the hood

DATES:
Initiacion of Study: March 1980

Termination of Study: May 1980
Histopathology Results Available: July 1980

SPONSOR:

Mobay Chemical Corporation
Plastics and Coatings Division

TEST FACILITY:

Mobay Chemical Corporation
Corporate Toxicology Departmenc
Stanley Research Center
Stilwell, Kansas 66085




lfrwliichct 344, young idult. male and female rats, obtained from
- Charles River, and waighing between 180 to 200 grams will be used
for the study. - :

- Animal Identification - Each animal will be ear punched for identi-
- f4cation-according to the ear-notch punch code of Harkness and
Wagner (2977) and correspondiag to the ear punch code, esch animal
will be assizned a number. Both the ear punch code and the number
will be displayed on their respective cages. The animals will be
numbered 1 through 80 as follows:

Expos;re

Concentration
Test Level (ppm) tale I.D. Female I.D.
Control (] 1-10 11 - 20
1 0.002 21 - 30 31 - 40
2 0.02 41 - 50 51 - 60
3 0.2 61 - 70 71 - %0

Number of Animals/Test Level - Ten male and ten female rats will be

used for control and each of the exposure levels.

Animal Care - Animals will be quarantined for one week prior to the
initiation of the study for acclimatization and observation. One
week prior to study and during the non-exposure period of study,
animals wil) be housed individually in stainless steel cages.
Maintenance and cleaning of cages will be according tc standard
Sperating procedurss. Por the purpesse of recording food concump-
tion, a weighed amount of ration (Rodent Lab Chow from Ralston
Purina) will be provided and any uneaten feed will be weighed and
discarded each week. Drinking water will be available ad libitum

by automatic waterers for each cage.

EXPOSURE CONCENTRATIONS:

Three exposure concentration levels, in additicn to the control,
will be used. The exposure concentration levels used will be
0.002-(.005) ppm, 0.02 ppm and 0.2 ppm. These three levels repre-
sent the present TLY of 0.02 ppm, ten times below TLV and tem times
above TLV level. These conzentracion levels cover the ranges of
work-place environment and are also suggested on the basis of
sensory irritation data by G. K. Sangha and Y. Alarie (1980).

EXPOSURE DURATION:

~

Animals will be exposed to HDI vapours for five hours daily, five
days a week over a three-week period.




21-Day Inhalation Toxicity Scudy with HDI stucy mo. _30-141-01

EXPOSURE CONDITIONS:

Animai Exposures - Dynamic airflow Kimmerle Chamber, tased on nose~
oniy exposure, will be used for exposing animals. The arimals are
individually positioned in the tubes in such a manner that only
their noses arc exposed to the test chemical and dermal and o:ial
exposures are minimized.

Airflov - A minimum of 20 LPM of airflow will be maintained through
the chamber to ensure proper 0, supply. The airflow will be
monitored continuously and will be maintained conmstant.

Temperature and Humidity - Temperature in the <l.amber will be
mainfzined at 26 £ 2°C and relative humidity between 40 - 60%.
Both will be monitored continuously and maintained within a narrow
range.

Treatmeat of Exhaust Air - Outgoing air from the chamber will be
filtered through a series of filters and will be exhauysted through
an incinerator. -

GENERATION OF HDI CONCENTRATIONS:

HDI vapours will be generated by bubbliag filtered dry air through

( an impinger containing HDI. Required concentraticm ranges will be
obtained by varying zirflow rate through the impinger or through
the exposure chamber (but never less than 20 LPM). Room air of
breathing quality will be used as dilution air. (Efforts are Leing
made to compare other generation techniques. If any of thz other
techniques i3 found to be more satisfactory than the above method,
the use of that technique will be consideredj.

CHAMBER CONCENTRATION AND ANALYSIS

In order to determine the concentration of HDI in the exposure
chamber, samples will be taken near the animal breathing zomne
repeatedly during the exposure period to ensure that concentrations
are maintained constant and results are reproducible. Analytical
determinations for HDI will be made according to Dunlap et al.
(1976).

OBSERVATIONS:

Daily Observation - All signs of texicological and pharmacological
effects will be recorded at the end of exposure and within one hour
post-exposure period. Animals will be checked at random during
exposure period by pulling the tubes out for any sign of toxicity.
All observations will be recorded twice daily, including the pre-
exposure observations each morning. Animal weights will be recorded
at initiation of the study and at weekly intervals. Feed consump-
k‘ tion will be monitored at weekly intervals. An external eye
zxamination will be conducted at termination of the study.




: tliuc-mk apouu durstion, m-hlt of -the males and females
~ (five msles and five females) from each exposure level will be
.- sacrificed to sse the sxtent of injury with repeated exposures.
. The other half of the animals will be allowed to recover over &
| two=-wetk pori.od blood semples will be taken for clinical labora-
tory tuu, and tlua sacrificed. This will determine the amount of
achieved during that period. During the recovery period
animsls will be observed twice dsily and all observaticns will be
recorded.

CLINICAL LABORATORY TESTING:

Prior to the study and at termination of study, hematology, blood
chemistry and urinalysis will be conducted on all snimals. During
the three-week exposure period, hematology and blood chemistry will
be performed on one-half of the animals (five males snd five females)
from control and each of the exposure levels at weekly intervals in
‘a manner that each one-half of the animals per test level will be
used at alternate weeks. This denotes that blood samples will be
dravn from one-half of the animals/test level at the eand of the
firsc and third week of exposure and this group will be sacrificed
at the end of the three-week exposure period. The blood samples
from the second one-half of the animals will be taken at the end of
the second week of exposure and after two weeks of recovery period,
f.e. fifcth week, and then sacrificed. Hematological determinations
will include: hematocrit, hemoglobin, erythrocyts count, total and
differentisl leukocyte counts, plstelet counts and if any signs of
anemia are present, reticulocyte count.

Blood chemistry determination will be made for: calcium, potas-
sium, sodium, serum lactic dehydrogenase, oxaloacetic transaminase,

;lucotc. blood urea nitrogen, serum alkaline phosphatase, total

WI"G“VL, -:v‘“ﬁ:u. ‘1 l‘l‘-_—.. caral ?.AQ-‘-I' k{‘l{rnhln and {f

any increased bilirubin is noted, direct bilirubin deteruination
will also be conducted.

CROSS NECROPSY:

All test sanimals will be subjected to gross necropsy at their death
during the study, when sacrificed due to becoming moribund or vhen
sacrificed at the termination of the study. Results of gross
examination will be recorded for the external surface, all ori-
fices, the cranial cavity carcass, external and cut surface of the
brain and spinal cord, the thoracic, abdominal and pelvic cavities
and their viscera and the cervical tissues and organs. The fol-
lowing organs will be examined for gross lesions: adrenals, heart,
lungs, trachea, bronchi, nasal passages and para-nasal sinuses and
organs of abdominal and peivic cavities.




21-Day_Inhalation Toxicity Study with HDI stupy wo. _ 80-101-(:

Special treatment of the lung will be undertsken for acrphological
evaluation of emphysema. The lungs will be removed in toto,
wveighed and perfused intrat:;acheally with 10Z buffered form-.in.

Other organs to be weighed include: 1liver, kidneys, hearZ and
brain.

All cissue samples faken will be preserved in 102 buffered formalin.

HISTOPATHOLOGY :

Histopathology studies will be made on selective animals (about
one-half) regardless of time of death.

Organs and tiscues taken for histopathology include: brain (fore-
brain, midbrain and hindbrain), eye, pituitary, salivary glands,
thymus, heart, esophagus, lungs (with mainstem bronchi), trachea,
nasal passages and paranasal sinuses, liver, stomach, small and
large intestines, spleen, kidneys, thyroid, adrenals, pancreas,
urinary bladder, aorta, testes, ovaries, corpus and cervix uteri,
bone (with marrow), skeletal muscle, gkin and all other tissues in
which lesions are obtained.

RECORDING OF DATA:

Forms for recording of data will be used to include feed consump-~
tion with weekly means and standard deviation for each level, daily
observations and pathology~necropsy. Similarly, hematology and
blood chemistry records wili be made on their respective forms.
Sampling and analysis data for chamber concentration will also be
recorded daily for each exposure level on the forms.

EVALUATION OF DATA:

Evaluation of the test results will be made on the basis of body
weight, food consumption, clinical findings, gross necropsy and
histopathology findings.

STORAGE OF RECORDS AND RAW DATA:

Raw data, tissues, tissue blocks and slides will be stored by the
Corporate Toxicology Department, Mobay Chemical Corporationm,
Stanley Research Center, Stilwell, Kansas 66085.

QUALITY ASSURANCE INSPECTIONS:

An inspection using a standard checklist will be conducted periodi-
cally during the study by the Quality Assurance Unit.
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D. W. Lamb

Manager, Corporate Toxicclogy

—fplargpo

Koy A Braes  Fel 26,/960

j;/[z/ ’ Zéﬁ 224/t

AR :
Pt S 43/ ,,,;oé___ 2 /27 /Fo

Lealtd 10 el o




mfmrmﬁQ“ﬁQiﬁﬁiiﬁﬁiiﬁiﬁiﬁﬂttﬁt

TYPEL OF STU.{ __ Inhalation

seecras _ Rec © pymation  21-day
" pargor aEvision __3/27/80 . sStART paTE _ June 2, 1980
 savistom sy __G: K. Ssngha TERMNATION _July 3, 1980

HISTOPATHOLOGY RESULTS _September 1980

re———
p———

.
4

Page 3, Subheading Animsl Exposures

 The animals will be exposed by head only instead of nose only. The animals will
be individually positioned in the tubes in such a manner that oniy the head will
- be ‘exposed to the HDI stmosphere.
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. Puricy:

c‘“‘ - ‘

,,'h,"c'l Appcarancc.

Storage:

. Sebehroatc Inhelation ro:uuy Stedy vitch 1
, ¢5¢.&=¢1 lbt-ulc
: 'Iat io.. '
: Prnduet codc.

c-021
99.832

‘ Cb-ctcill
CICIt, ycllouish liquid

Boom temperature, under the hood

uohay Cheniical Corporation
Plastics and COntingn Division

TEST FACILITY

Mobay Chemical Corporation
Envirommental Health Research Institute

_Corporate Toxicology Department

17745 South Matcalf
Scilwell, Ksnsas 66085




PERSONNEL
Laboratory Management:

Study Director:
Study Conduct:

Analytical:
Pathology:

Animal Care:
Quality Ass :rance:

DATES

Exposure Initfiation:
Exposure Completion:
Report:

TEST SYSTEM

Animals

PBL (004 FOR STUDT 2O. 81-141-01
Peg. 2 of &

V. Lamb

K. Sanghs
Espindula
Dejong

S. Schroeder
E. Hoss

R. Mallicoat

S. Schroeder

January 18, 1982
April 22, 1982
December 1982

Young adult Fischer 344 rats obtained from Charles River Breeding Labs,
Willmington, MA, and weighing between 120-150 g will be used during the

study.

Ouarantine and Randomization

Animsls will be quarauntined at least for one week prior to selectlom of
groups Groups will be selected in an order after randomization with a

table of random numbers (Snedecor 1956).

Number of Aniaals/Exposure level

Groups of 20 males and 20 females will be used for control and each of

the exposure levels.
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" Sach saimal will be sar punched for ideatificstion ucordin; to the ear-
—noteh punch code of Harkness snd Wagner (1977), and corresponding to the

- ear=-punch code, each animsl will be sssigned s number which will be
displayed on their respective cage. The number of the rack, sex of
; ad‘nh snd range of snimsl nubculuck vill be displayed in front of
“rack.

m snimals and their expomc poutions will be nuxbered as follows:

*,lnpomc l:pomrc Chamber lkle I i rmle m

Concentration Position Iack Mo. Animal Mo. Rack No. Animal No.
0 Control H-1 1~ 1-20 1-2 21-40
1 . 0.01 ppm H-2 2-1 41-60 2-2 61-80
2 0.04 ppa H-3 3-1 81-100 3-2 101-120
3 . 0.16 ppm H=4 = 4-1 121-140 4=2 .. 141-160
Animal Care

Afcer quarantine and randomization, the animals will be transferred to
their assigned H-1000 chambers where they will be housed individually inm
wire mesh cages over catch pans lined with DACB (Upjohn Co.) bedding.

Animals will be kept in these chambers for one to two weeks for acclimatization

and observations. Prior to and during the study, animsls will remain in
these chambers. Prior to the study and during the non-exposure period,
food (Purina Lab Chow) and water will be available ad libitum; but
during the six-hour exposure, food will be removed snd only water will
be available from the automatic waterers.

MAINTENANCE AND CLEANING OF CAGES AND CHAMBERS

Maincenance of the exposure chamber will be_ as follows:

1. Catch pans will be lined with cage boards at all times except for
six-hour exposure duration. Prior to onset of the exposure, catch
paus with cage boards will be removed and replaced with clean catch
pans (without cage board). Af:er the exposure period, catch pans
will be lined with fresh cage board.

2. The chambers will be washed every two weeks. In case the need
arises, chsmbers will be cleaned once a week. The animals from the
chamber scheduled for washing will be transferred into the replace-
ment chamber vhich will be pre-conditioned and prcpared for the

purpose.
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EXPOSURE CONCENTRATIONS

Three exposure concentration levels in addition to the control will be
used. The exposure concentration will be 0.01, 3.04 and 0.16 ppm.
These concentrations are suggested on the basis of the results obtained
from the 21-day inhalation study with HDI.

EXPOSURE DUBATION

Animals will be exposed to HDI vapors for six hours daily, five days a
week, over a 90-day period (13 weeks).

EXPOSURE CONDITIONS

Animal Exposures

Animals will be exposed in the Hazleton-1000 chambers, (based on the
whole-body exposure) under dynamic airflow conditions. The animals will
remain in these chambers during the entire study period. Only two tiers
of the chamber will be used and racks will be rotated in an order so
that any positional variation in the chamber concentration is taken into

consideration.

Airflow

An airflow of 20 CFM/minute will be maintained through the chambers at
all times. The airflow will be monitored and recorded continuously and
will be kept within a narrow range of fluctuations. The chamber air
supply (room air of breathing quality) will be filtered through a
charcoal and HEPA filters and conditioned prior to its delivery into the

chambers.

A negative pressure of up to 1/2" water will be maintained in the
chamber so that any leaks in the chamber will have the flow in the
invard direction of the chamber. The chamber pressure will be monitored
continuously and recorded at hourly intervals during the six-hour

exposure.

Temperature and Humidity

Temperature in the exposure chambers will be wmaintained at 72 + 2°F and
will be monitored and recorded continuously during the entire study
period. Relative humidity in the exposure chambers will be maintained
between 40 to 60Z. In the control chamber, it will be monitored and
recorded continuously during the study period. Due to reactivity of the
test substance to the humidity probes relative humidity in the chamber
with animals exposed to HDI, will be recorded during the uon-exposure

period only.

Treatment of Exhaust

Out-going air from the chambers will be filtered through charccal and
purafil filters prior to its exhaustlon into the atmosph-re.
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WDL vapors will be garvrated by bubbling filtered, dry air through a

" bubbler contsining HDI, and kept in a constant temperature water bath

. (Tharmomix 1441E, Braun-Melsunges). The airflow through the bubblers
will be maintained constant by mass flow meters (Matheson). The required
concentrations will be oltained by either varying airflow rates through
the bubbler and/or by varying tempersture of the water bath. The airflow
rates through the bubbler will be kept at a rate vhere no aerosol is
produced. During the davelopment of the system, it has been established
that by keeping the temperature of the water bath, airflow rate through
the bubbler and airflow rate through the chamber constant, desired
concentrations sre obtained with excellent reproducibility. The generation
parameters will be checked frequently and recorded at hourly intarxvals
during the six-hour exposure. New sample of HDI will be used for each
exposure.

ANALYSIS OF THE CHAMBER ATMOSPHERE

Daily mean exposure concentration of HDI in each exposure chamber will
be established by taking 4 to 6 samples during the six-Hour exposure.
Samples will be drawm alternately from the two sampling ports near the
- animal breathing zone at a rate of 1 lpm for 10 to 30 minutes. The
frequency and duration of sampling was determined from the preliminary
data obtained during the development of the system. The preliminary
data also showed that only small variation (2 to 5Z) in concentration
existed between the twelve sampling ports (6 in the back and 6 in the
front side of the chamber). In order to determine any contamination
with HDI, the atmosphere of chamber with control animals and room air
vill be analysed twice daily on the exposure days. All ssmples will be
analysed by an HPLC method similar to Dunlap et.al. (1976).

OBSERVATIONS
Daily Observations

All animals will be observed for signs of toxicity and mortslity prior
to the onset of exposure and at one hour post-exposure on the cxposure
days and twice daily during the mon-exposure days. All observations
will be recorded daily.

Body Weights

Individual animal weights will be recorded at initiation of the study,
prior to first exposure, days 3 and 7 of the study and weekly thereafter
until termination of the study.
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Treatment of Animals After 90-Day Exposure Period

At the end of 90-day exposure, all animals will be sacrificed. The
sacrifice will be staggered over four days. Five animals/sex/level will
be sacrificed each day and and HDI exposures will be continued on the
resr of the animals until scheduled for sacrifice.

Clinical Laborator; Testing

Prior to the study (prior to onset of first exposure), at an intermediate
time and at the termination of the study (prior to sacrifice), hematology
and blood chemistry will be conducted on one-half of the animals (10
males and 10 females) from control and each of the exposure levels.
Urinalysis will be done at the beginning and at the termination of the
study only. Same groups of animals will be used for hematology, blocd
chemistry and urinalysis during the entire scudy period.

Hematological determinations will include: hematocrit, heﬁoglobin,
erythrocyte count, total and differential leukocyte counts, platelet
counts and, if any signs of anemia are present, reti:zulocyte count.

Blood chemistry determinations will be made for: calcium, phosphorous,
potassiuvm, sodium, serum lactic dehydrogenase, oxaloacetic transaminase,
glucose, urea nitrogen, serum alkaline phosphatase, total cholesterol,
albuwin, globulinm, total protein, bilirubin and, if any increased bilirubin
is noted, direct bilirubin determinations will also be conducted.

Urinalysis will be performed for specific gravity, pH, ketone, glucose,
bilirubin, protein, urobilinogen along with microscopic observations.

GROSS NECROPSY

All test animals will be subjected to gross necropsy at their death
during the study, when sacrificed due to becoming moribund or when
sacrificed at the termination of the study. Resul:s of gross exami-
nation will be recorded for the external surface, all orifices, the
cranial cavity, excernal and cut surface of the brain and spinal cord,
the thoracic, abdominal and pelvic cavities and their viscera and the
cervical tissues and organs. :

Weights of lung, liver, kidneys, heart, spleen, adrenals, gonads and
brain will be recorded.

A special treatment of the lung will be undertaken for morphological
evaluatior:. The lungs will be removed in toto, weighed and perfused
intratracheally with 10Z buffered formalin.
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o S“_Em' continllﬁ

<~ Similarly special treatment of the nasai passages and paranasal sinuses
will be undercaken. Heads of the animals (with nasal and paranasal
~ passages intact) will be removed and fixed in 10% buffered formalin for
"histopathological processing and examination.

© .Other organs and tissue samples for histopathological examination will
. dnclude: brain (forebrain, midbrain and hindbrain), eye, pituitsry and
salivary glands, thymus, heart, esophagus, trachea, 1liver, stomach,
small and large intestines, spleen, kidneys, thyroid, adrenals, pancreas,
urinary bladder, aorta, testes, ovaries, corpus and cervix uteri, bone
{vith marrow), skeletal muscles, skin and any other tissues with lesions.

All tissue samples taken will be preserved in 10% buffered formalin.

Histopathology - Histopathological studies will b: made on the above-
mentioned organs of all animals regardless of time of death,

For examination of nasal passages and paranasal sinuses, the heads of
animals will be decalcified with Decal®. At least four transverse sec~
tions of the head at equal intervals and tracheal sections at the larynx,
wmid-portion and near pulmonary bifurcation wiil be taken and then processed
for microscopic examination. The results from the 21~day inhalation
toxicity study with HDI showed this practice to Le very useful in
evaluating the effect of HDI at various levels of the upper respiratory

tract.
RECORDING OF DATA

Forms for recording of data will include daily observatioas, body
weights with weekly means and standard deviation for each level and
pathology-necropsy. Similarly, hematnlogy and blood chemistry rescords
will be made on respective forms. Sampling and analysis dara for
chamber concentration for each exposure level will also be recorded
daily on the forms. A master schedule will be available to all personnel

involved in che study. .
EVALUATION OF DATA

Evaluation of the test results will be made on the basis of body weight,
clinical findings, gross necropsy and histopathology findings.

STORAGE OF REFCORDS AND RAW DATA

Raw data, tissues, tissue blocks, slides and a sample of the test
material will be stored according to Toxicology Repoit Number by the
Corporate Toxicology Department, Mobay Chemical Corporation, Environmental
Health Research Institute, 17745 South Metcalf, Stilwell, Kansas 66085.
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QUALITY ASSURANCE INSPECTIONS

An inspection using a standard checklist will be conducted perfodically
during the study by the Quality Assurance Unit.
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Exposure initiation will be Janusry 25, 1982.
Exposure completion will be April 29, 1982
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Clinical Laboratory Testing, 3rd paragraph, 2nd line.
ADD "Clutamic oxaloacetic transaminase, glutamic pyruvic transaminase"
DELETE “"oxsloacetic transaminase"

4th paragraph
In urinalysis "blood” will also be determined.

1. The animal shipment of females arrived one week later than the
scheduled arrival.

2 & 3. To comply with the standard determinations in this laboratory.

APPROVAL BY: - )
fl,./,‘,.’/ /)'\ #22:¢-Date v ¥

Date
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TI11. 20 Body weights of rats under 0.03 ppm TDI (0—0) and 0.03 ppm HDI
(0---#) exposure. Control animals: X.-.-X
Arrows: 6 hour exposures.

Abb. 20. Kbrpergcwichte von R a ¢ £ o n unter 0,03 ppm TDI(o—

und 0,03 ppm KDY (e---0). Kontrolltiere: x.-.-x,

Pfeoilc:

6~-Std—~Exposzitionen.
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I11. 22 Body weights of guinea pigs under 0.03 ppm TDI (0—0) and 0.03 ppm

HDI (8—-@) exposure.
Control animals: X----X; arrows: 6 hour exposures.

.\bb. 22. Km:parqovlchta von Mecerscawelnchaon unts

0,03 pPo ™X (0———o) und 0,03 pp= $IDI (o~—-0).
iontrolltioro: X.=.-=X:. ;’ faile: G-Std-zxpoaitionon.
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'l‘be!eéniquofsprayapplyiqumcuzinp,on
wdiuwmdwdnkdadvmu;a,isrephcin;
™ 30 incressing excent the conventional mechods of painting
surfaces of many different materials. With the spraying of
mﬁnp,uronbconuiningdnvbolemmof:hecm—
iagincredicnnmdisdurgedinmthmbimair,udncv
problems become prominent in occu

i positions (poiyurethane, poly-
scrylic and polyalkyd types) show in terms of the LCsy values
a degree of acute toxicity char is noc fully explainable by the
solvent-content or the proportion of free monomer precursors
of the istic polymer. The test results indicate no
obvious correlation between the level of acure toxicity 2ad the
relationship of the tested coatings to the known principles of

ical reaction. The inhalation test method used does not
provide toxicolcgical data thae might be related o absorp-
tion of the materials into the body.

A field study comprising 341 males who had worked with
di- and polyisocyanates for periods up o 25 years has shown
that long-term exposure 10 isocyanates at relatively low con-
centrations, usually below the MAK values, does not result
in toxic impairment of pulmonary function of 2 vitalographic
degree. Toxic effects due to absorption of substances of this
class were alio not evident in a large-scale investigational
program.

Health problems associated with inhalation of spray-applied
coatings of different types have been reported in the licera-
ture. These problems have indicited the need for improved
protective measures for personnel involved in spray operations.
One means of perscnnel protection is by the use of respirators.
An evaluarion of maeke was mads iz 2 mzaner st simu.
lated typical spray operations. It was concluded that the
effectiveness of the masks and comfort considerations would
only permit the use of the masks for short time periods.
Work requiring masks for a full-time job or for extended
time periods will require the use of a fresh-air mask in order
to assure protection against health hazards.

It is apparent that the standard industrial procedures should
be established for the characterization of the effectiveness of
protective masks, and standards should be established in
rewdto:heuuoftbemaksforawuringprmecﬁonof
workers involved wich the spray application of coatings.






