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October 6, 1995

Document Processing Center (TS-790) ‘
ATTN: Section 8(e) Coordinator 98- 13528
Office of Toxic Substances INIT 18712795

. . ‘
U.S. Environmental Protection Agency

401 M Street, SW @R%@%N L .
Washington, DC 20460 ﬁ@’fé %ﬁﬁ?} ne L; g w2
Dear Sir:

Bayer Corporation is submitting a report recently received from our parent
company Bayer AG for A Study on Acute Inhalation Toxicity in Rats According
to OECD No. 403, Duration of Exposure Four Hours, with Desmodur 15
(Naphthalene, 1,5-diisocyanato) CAS# 3173-72-6. This report was also
submitted under Section 8(d).

In this study, groups of five Wistar rats/sex/concentration were exposed for a
four hour period to solid aerosols (dusts) of the test material using
concentrations ranging from O (air control) to 541 mg/M3 air (gavimetric
determination). Concentrations of 189 mg/M3 or less were tolerated without o
mortality. Exposures to concentrations of 96 mg/M3 and higher induced clinica
signs of toxicity indicative of irritation to the respiratory tract. Some of these =

130 56

‘W40

signs lasted upward of 11 days post exposure. The resultant LC50 value for this
study was calculatad to be 270 mg/M3 air for combined sexes. =4

According to the EPA TSCA Reporting Guidance Document these acute toxicity
results should be submitted under 8(e).

Appropriate information from this study will be included in our hazard
communication literature and worker training programs.
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Please contact me if you have any questions.

Sincerely,

Dol 02, 4

Donald W. Lamb, Ph.D.
Vice President
Product Safety & Regulatory Affairs
_ 412-777-7431
95-2-22.doc:vimk
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4. SUMMARY

A study on the acute inhalaticn toxicity of DESMODUR 15 (hereafter referred to as fest
substance) in rats has been conducted in accordance witn OECD Guideline No. 403. Groups
of rats were exposed to a solid aerosol (dust) to conceniration ranging from 96 to 541 mg/m?
air. The duration of exposure was four hours. To accommodate for delayed mortality, a
common finding in isocyanate exposed rats, i0 postexposure period was 4 weeks. Attempts
were made so that aerosol generated was respirable to rats (MMAD 3-4 um, GSD appd;x
1.6). Prior to use of the product it was micronized to maximize the respirability of partictes.
The resuits can be summarized as follows:

-
<
inhals:tion (aero 4 hirs): A
Males & females combined: 270 mg/m? air? Y
95% confidence interval: 217 - 337 mg/m? air R ..
NOEL: < 96 mg/m? cir

bservati B u n

Aerosol {dust) concentrations to 238 mg/m* and above u%?.lced test substance related mortality
within the first two postexposure days. Exposure t¥ concentrations equal or less than 189
mg/m® test compound were tolerated witho%:;ortality. Necropsy findings support the
conclusion that a causal relationship betweep lethality and lung damage existed. Exposures to
concentrations of 96 mg/m® and highere:?&e followed by concentration-dependent signs
suggestive of irritation of the respiratory ﬁct (e.g. Lradypnoea, dyspnoea, laboured breathing
pattern, rales, nose/snout area with redencrustations, serous discharge from nose, cyanosis,
hypothermia) and non-specific signf3uch as reduced motility, body weight gain, emaciation,
and flaccid muscle tone. The duration of signs (maximum duration up to day 11) was
depernden’ on respiratory signs.

>
13 B o 1 ! ! Bk Stard il L

aerosolized (duat) was of adequate respirability. Accordingly, mortality
appeared to be n to damage of the respiratory tract in general and the lower tract in
particular. Q.
&
Y

v~
A

1 All concentration data represent gravimetrical concentrations cf the test substance in the rats'
breathing zone.
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5. INTRODUCTION

This acute inhalation toxicity study was conducted in accordance with OECD Guideline
No. 403 using DESMODUR 15 as a test substance. The study was performed on rats {nose-
only exposure over 4 hours to a solid aerosol, dynamic exposure conditions, 4 week
observation period). This study served the purpose of product classification. An additonal
study was conducted using a duration of exposure of one hour to comply with internationally
recognized transport guidelines. Results of the one hour study has been reported seperatel

The study was conducted at the test facility of the Iustitute of Occupational/InEstxial
Toxicology, Department of Toxicology, Bayer AG, D-42096 Wuppertal, Germanyd-
¢

<
Y
Study Neo.: T8059022 ' v

>
Study period: December 12, 1994 - February 13, 1995
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7. MATERIALS AND METHODS

7.1. Test Substance

Test substance: DESMODUR 15
Synonym: 1,5-Naphylene-diisocyanste O
- ¥
Batch-no.: 5054 (BS 9507) <
Purity: >99.9 <
XY
Producer: Bayer AG, Leverkusen, German§{~
Appearance: white-yellowish powder )
Storage: Room temperature / darkness
B CAS-no.: _ - ('_/)
Molecular weight: 211 g/mol kg
Empirical formula: cl%g;m
?\* N=C=0
R
N=C=0
O
Ys
rvdicrcmizatiOQ~ The test compound was micronized in a Retsch-
& stability wasMortar-Miil prior to use (30 min.). The
XY analytical stability of the product was verified by

comparison before and after micronization.

v
D
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7.2. Test System and Housing of Animals

Species and species justification: The study was carried out in rats, a rodent species
recommended in the test guidelines.

Healthy young adult SPF bred Wistar rats, strain Hsd/Win:WU [formerly BOR: WISW (SPE-
Cpb)], from the experimental animal breeder Harlan-Winkelmann, Borchen, Germany, were
used. Animals of this strain have been used at Bayer AG in toxicological studies for yégs.
Historical data on their physiology, diseases and spontaneous alterations are av%
state of health of the strain is randomly checked regularly at the instance of the Central

Supply Department, Bayer AG, for the most important specific infectious patogens. The
results of these examinations are archived.

4
Acclimatization: The animals were acclimatized to the animal room cvdmons for ai least
5 days before use. o

Identification: Animals were identified by both individual color-marking and cage-labels. All
animals from this study were located on one cage-rack.

Randomization: Before the start of the study the health.status of each animal was assessed.
Animals were subsequently assigned to exposure gr$~ at random (randomization procedure
is described in section 7.17).

Health status: Only healthy rats free of si %re used for this study. The animals were not
vaccinated or treated with anti-infectiv ts either before their arrival or during the
acclimatization or study periods. The f: S were nulliparous and not pregnant.

Age and weight: At the study start %e variation of individual weights did not exceed £ 10 per
cent of the mean for each sex (see Appendix). Animals of the weight class used are 2 -3
months old and hence fulfill the criterion for young adults.

Animal housing: During the acclimatization and study periods the animals were housed singly
in conventional on® Type II cages (based on A. Spiegel and R. G2unert, Zschr.

Versuchstierkundep~1, 38 (1961) and G. Meister, Zschr. Versuchstierkunde, 7, 144-153
(1965)). Cages and water bottles were changed twice a week while unconsumed feed was
changed on®p per week. The legal requirements for housing experimental animals
(86/609~\EE§3) were followed.

Beddjng: Bedding consisted of typeS 8/15 low-dust wood granulate from Ssniff,

estfalen, Germany. The wood granulate was randomly checked for harmful
constituents at the request of the Central Animal Supply Department, Bayer AG.

12
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Animal rooms: All animals were housed in a single room. For reasons of space availability rats
from other acute toxicity studies were housed in the same room, however mistakes in animal
assignments were excluded by adequate spatial separation, clear cage labeling, and appropriate
organization of all work procedures. The housing of several studies in one animal room is not
considered to be a deviation from current GLP-requirements since many acute studies
comprise of 10 animals only (as required to perform a limit test).

Environmental Conditions in the Animal Room O
The animal room environment was as follows: ke

Room temperature: 22+2°C &

Relative humidity: approximately 50 % <\

Dark/light cycle: 12 /12 b; artificial light from 6.00 m. to

6.00 p.m. Central European Tim@,
Light intensity: approximately 14 watt/m? floor area
Ventilation: approximately 10 air changes per hour

The room humidity and temperature were continuously monitored and documented using a
calibrated thermohygrograph. Occasional deviations frofthese conditions occurred, e.g. as a
result of animal room cleaning, but these had no det?:table influence on the outcome of this
study.

Clearing, disinfection, and pest control<The animal room was regularly cleaned and
disinfected once a week with an aqueous sélution of Zephirol®. Contamination of the feed and
contact with the test system were exciaded. Pest control was not conducted in the animal
room. D

Feeding: Ration consisted of a standard fixed-formula diet (Altromin® 1324 pellets
maintenance diet for rats and mice, Altromin GmbH, Lage) and tap water (drinking bottles).
Both food and water were available ad libitum. The pelletized feed was contained in a rack in
the stainless-steel wir@age cover. The autritive composition and contaminant content of the
standard diet was_chécked regularly by random sampling by the Central Animal Supply
Department, BayermG. Details concerning general feed and water specifications are provided
in the Appen@ S

Water: Pritking quality tap-water (Drinking Water Decree of 05.12.1990, Bundesgesetzblatt
[federal faw gazette] part I, page 2612) was provided ad libitzum in polycarbonate bottles
coﬁmg approximately 300ml (based on A. Spiegel and R. Gonnmert, Zschr.
Vérsuchstierkunde, 1, 38 (1961) and G. Meister, Zschr. Versuchstierkunde, 7, 144-153
(1965)). The results of feed and water analyses are retained by Bayer AG. The available data
provided no evidence of an impact on the study objective.

13
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7.3, Test Guidelines

The study described below was carried out in accordance with OECD Guideline No. 403. The
study conditions were adjusted so as to fulfill both the EC Guideline 92/65/EEC and the
FIFRA § 81-3 (US EPA, 1984) guideline. Other recommendations (US EPA, 1988) were also
considered so as to comply with internationally recognized procedures.

@
7.4. Exposure Conditions : v

Mode of exposure: Animals were exposed to the aerosolized test substanceln Plexiglas
exposure tubes applying a directed-flow nose-only exposure principie (Mossgnd Asgharian,
1994). Tubes were chosen that accommodated the animals size. These tubes\were designed so
that the rat's tail remained outside the tube, thus restrained-induced erthermm can be
avoided. This type of exposure is preferable to whole-body exposureyon smentlﬁc (Pauluhn,
1984) and technical reasons (rapid attainment of steady-state concentrafions, no problems with
regard to test atmosphere inhomogeneities, better capabilities to control all inhalation chamber
parameters, easier cleaning of exhaust air, and lower consumption of test substance).
Moreover, contamination of the fur can largely be avoided. The chambers used are
commercially available (TSE, 61348 Bad Homburg) the performance of this type of

chamber has been published (Pauluhn, 1984; Pauluhnvl ; Paulubn, 1994).

Vehicle: The test substance was aerosolized as@st without a carrier or vehicle.

<
7.5. Aerosol Generation and Exngsée Technique

Aerosol generation: Under dynam&conditions the test substance was fed into the intake of
the cylindrical inhalation chamber shown in figure 1.

In order to obtain the high concentration of respirable aerosol an EXACTOMAT 4200 (TSE,
61348 Bad Homburg, G y) was used.

¢ Peratus: For powder dispersion, conditioned compressed air (28 liters of
a1r/mm, contmuous operation) was used. The principle performance of the dust gmeratmg
system can B&-described as follows: The test substance was entrained into a glass reservoir
(approxinfigely % kg). From this reservoir it was fed (by suction) into the orifice of a venturi
tube. THe airborne powder was then dispersed into the inner cylinder of the inhalation chamber
depi®red in Figure 1. Reproducible and temporally stable dosing into the orifice of the venturi
tdbe was achieved by an oscillating orifice. The orifice size was adjusted manually in order to
obtain the targeted flow of powder. Stirring of the reservoir was performed using a minimum
number of revolutions per unit of time. Thus the flowability of the test compound was
maintained without inducing a vertical inhomogeneity of active ingredient particles.

14
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Optimization of respirability: The concentration tested was too high to incorporate a cyclone
which is commonly used to increase the efficiency of the generation of respirable particles and
prevents larger particles from entering the chamber (Tillery et al., 1976). Previous experience
with cyclones have demonstrated that this device could be used effectively up to concen-
trations of 500 mg/m® air.

Inhalation Chamber: The aluminum inbalation chamber has the following dimensions: inner
diameter = 14 cm, outer diameter = 35 cm (two-chamber system), height = 25 cm (mt@l
volume = about 3.8 I). The construction of the inhalation chamber is shown schematigglly in
Fig. 1. Details of this modular chamber and its validatior with regard to spatial homogen ity of
material distribution have been published (Pauluhn, 1994). ol

<
Fig. 1: Inhalation Chamber v~

D ..

Op—
L
@
Y~
Q G
1 Comgressed air supply 9.-10. Real-time aerosc] monitoring
Dugt generator 11. Sensor for temperature and humidity
%ngltal control unit measurement
% yclone 12. Cotton-wool aerosol filter + HEPA
Sampiing location ('breathing zone filter
sampling") 13. Exhaust air
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Conditioning the compressed air: Compressed air was supplied by Boge compressors and
was conditioned (i.e. freed from water, dust, and oil) automatically by a VIA compressed air
dryer. Adequate control devices were employed to control supply pressure.

Inhalation chamber steady-state concentration: The test atmospbere generation conditions
provide an adequate number of air exchanges per hour (> 400 x, continuous generation of test
atmosphere). Under such test conditions steady state is attained within the first minute of
exposure (t9g9;, = 4.6 x chamber volume/flow rate; McFarland, 1976). The ratio between(the
air supplied and exhausted was chosen so that approximately 90% of the supplied,air is
removed as exhaust. The remainder provides adequate dead-space ventilation for the sure
tubes. At each exposure port a minimal air flow rate of 1.4 I/min was provided. This is
equivalent to approximately 4 respiratory minute volumes of the rats. The test gtmosphere can
by no means be diluted by bias-air-flows. The inhalation chamber was operated in a well
ventilated chemical fume hood. -

Air flows: During the exposure period air flows were monitoreg) continuously and, if
necessary, readjusted to the conditions required. Air flows were measured with calibrated
flowmeters and/or soap bubble meter (Gilibrator, Strohlein Instruments, Kaarst) and were
checked for correct performance at regular intervals.

Treatment of exhaust air: The exhaust air was puriﬁg? via cotton-wool/activated charcoal
and HEPA filters. These filters were disposed of by B?ier AG.

ol
7.6. Inhalation Chamber Temperatgm fﬁﬁd Humidity

The temperature and humidity ements were made using a computerized system
(Leybold Heraeus). The values were Yecorded at intervals of 10 min. For technical reasons the
test atmosphere temperature and humidity were measured from the exhaust flow. Details of
this monitoring system have been reported elsewhere (Pauluhn, 1986).

The relative humidity was measured with a humidity sensor (CCH capacitor). The humidity-
sensor is protected ﬁ'ﬁ particles by a double sintered metal filter with an interposed Teflon
membrane (pore sige approximately 1 um). This sensor was calibrated using saturated salt
solutions according to Greenspan (1977). The temperature sensors were calibrated with a
calibration th¥mometer. The measured values were recorded and evaluated with an Apple 2¢
computf{ $6d an MIDP 8240/45 analogue-digital converter using an IEEE 488 interface.

A nominal concentration was not celculated since the construction and weight of the dust
generator used did not allow for a precise measurement of the powder wosolwe_d

16
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Gravimetric evaluation: The test-substance concentration was determined by gravimetric
analysis (filter: Cellulose-Acetate-Filter, Sartorius, Gottingen, Germany, balance: Mettler AE
100).

Chamber samples were taken in the vicinity of the breathing zone (see Fig. 1). The number of
samples taken was sufficient to characterize the test atmosphere and was adjusted so as to
accommodate the sampling duration and/or the need to confirm specific concentration values.
Optimally, samples were collected in hourly intervals. All analytical concentrations repaftpd
refer to mg of test substance/m® air (gravimetrical method). -

ol
7.8. Characterization of Aerodynamic Particle-Size Distribution <
XY

The samples for the analysis of the particle-size distribution were also talen in the vicinity of
the breathing zone. Q>

The particle-size distribution was analyzed using an BERNER-TYPE Aeras cascade impactor.
Specifications and evaluations are provided in the Appendix. The individual impactor stages
were covered by aluminum foil and had been subjected to gravimetric analysis. An adhesive
stage coating (silicone spray) was used to prevent @u‘ticle bounce and re-entrainment,
respectively. The aluminum foil used had been w: %gluated gravimetrically using a Sartorius
M3P balance. .

Evaluation of particle-size distributions: F & evaluation of the cascade impactor analyses
the mass median aerodynamic diameter ) and the geometric standard deviation (GSD)
are determined from the probit-transfo% cumulative particle mass frequency distribution (y-
axis) and the logarithmic effective cyt-off diameters (ECD's) (x-axis) of the individual impactor
stages by linear regression. The GSP is calculated from the regression line: percentile 84 /
percentile 50. The relative mass with an aerodynamic diameter < 3 um ("respirable mass
fraction") [Raabe, 1982; Snipes, 1989; SOT-Commentary, 1992] is calculated from the
regression line. For probit transformation and linear regression FORTRAN algorithms
published by Rosiellg-et al. (1977) are used. The MMAD was calculated using published
following formulasv le and Rubow, 1980; Pauluhn, 1994].

To verify whether the aerosol distribution is in fact unimodal and log-normal the normalized
mass per (fg) is evaluated as a histogram. AlogD, is equal the difference logD,,, -
logD,, wh D, is the lower (left) cut-size limit and D, the higher (right) cut-size limit of
the co nding impactor stage. As demonstrated by the evaluations included in the
A%p&‘dnx, the impactor stage cut-off limit (D, ;) to the right was used for all calculations.

. | mass | stage
s Nf" Alog D

P

17
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The log-normal mass distribution y'(Dge) = 1/Ng x y(D,,) as a function of the aerodynamic
diameter (D,.) is computed using the formula:

2
Jog D, ~log MMAD)

¥ (D) =exp(-
ae " 2x1og2GSD
The normalization factor (Ng) is calculated as follows: &)
| v
Vo= Zmass
S 10gGSD x 2% Q/Q'
4

Where Zmass is the total mass collected by the cascade impactor, Where?nrelanve mass
per stage/Zmass (cf. Fig. 2). . > N

Figure 2: Principle of characterization of aerosol atmosphere

Asroso! Size Distribut
1.2 - ’ 6"

?\

%Q*

XY
Ys
o)
\
* 0 20 40 B0 80 1.0 120 140
*Q/ Asrodynamic dismeter fjam)
?n

Wiere Zmass is the total mass collected by the cascade impactor, where m o1,y = mass per
stage/Zmass.

The algorithm for the calculation of particle size characteristics is taken from pettment
reference works on aerosol physics (Dennis, 1976; Marple and Rubow, 1980) and pmves to
be generally applicable (Pauluhn 1988; Pauluhn, 1994)
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Fig. 3 below, demonstrates that the particle size distribution achieved is not adequate to reach
all potential target siructures of the respiratory tract.

Fig. 3 Respirability of Aerosols (Raabe, 1982)
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7.9. Collection Efficien % e

The sampling equipment was adjusted with calibrated rotameters to internationally recognized
standards (ACGIH, 1978; Section I "Calibration of Air Sampling Instruments"). -

The conditions for generating the test atmosphere are optimized to provide maximum aerosol
respirability to rats (Rgabe, 1982; Snipes, 1989; SOT-Commentary, 1992). The absence of
larger particles igh flow rates in the vicinity of the sampling ports make it possible to
disregard potential anisokinetic sampling errors, thus ensuring a representative sampling even
with differenQsampling probe orifice diameters and flow rates. The tclerance limits for the
radius of ¢he probe orifice are calculated using the following formula [ACGIH, 1978].
Calculatigns consider both a particle size distribution that encompasses aerodynamic diameters
(D.,)Qof 0.5 to 7.4 ym and sample flows ranging from 8 to 80 ml/sec.

N

sxyffow Xt o, gL, o] Sfor
4x =z 5 gEXTXA

tp = radius of the sample probe in cm = Y% x Dp -
t = relaxation time (Dge 0.5 ym = 1x10°0 sec; Dyg 7.4 um = 1.7x104 sec)
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g = gravity constant = 980 cm/sec?

Tolerance limits calculations for the sample probe orifice (rp) indicated that a representative
sampling is assured when the orifice inner diameter is in the range of 1.0 to 1.6 cm. Orifices of
tbe sampling instruments used here are in compliance with this criteria. Details of the D,
tolerance limit calculations are published elsewhere (Pauluhn, 1988; Pauluhn, 1994).

O
7.16. Stability of the Test Atmosphere - e

The integrity stability of the aerosol geperation system was checked using a R&S-2 aerosol
photometer (MIE, Bedford, Massachusetts, USA). Samples were taken contintgusly from the
vicinity of the breathing zone. This chamber monitoring allows for an-averali survey of
toxicologically relevant technical parameters (inlet and exhaust flows ell as atmosphere
homogeneity, temporal stability, and generation performance). Int ions in exposure (e.g.
resulting from obstruction of the nozzle or other techmcal mishaps) are recorded and, if
applicable, a commensurate interval is added to the exposure duration for compensation.

7.11. Number of Animals O

Five male and five female rats were simultaneously exl;osed to each concentration under nose-

only conditions for 4 hours. <
<
Y
7.12. Control Animals ‘e
e

To identify exposure-related effects, comparisons with appropriate controls are conducted.
Controls were exposed to conditioned air using almost similar exposure conditions as were
used for the test substance (15 liters air/min; duration of exposure = 1 x4 h; 5 males and
females per group; 4 week observation period). Direct comparisons were made between the
control and exposure @oups.

Note: Control mEes are performed under GLP-conditions but without assignment to a
particular stutly. This allows use of control data for several studies that have been performed
under simflar experimental conditions within a recent time frame. This procedure is in
compliagce with current testing guidelines as well as animal welfare regulations.

Y
kY
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7.13. Body Weights and Duration of Observation Period

Body weights were measured before exposure, on days 3 and 7, and weekly thereafter.
Individual weights are also recorded at death, if applicable. The period of observation was for
4 weeks.

7.14. Clinical Signs O

The appearance and behavior of each rat was examined carefully several times on theY!\ay of
exposure and once thereafter. Weekend assessments were made once a dayy(morning).
Assessments from restraining tubes were made only if unequivocal signs occurréd, (e.g. spasms,
abnormal movements, severe respiratory signs). Following exposure, obsesations are made
and recorded systematically, individual records are maintained for animal. Cageside
observations included, but were not limited to, changes in the skilxan fur, eyes, mucous
membranes, respiratory, circulatory, autonomic and central nervous system, and somatomotor
activity and behavior pattern. Particular attention was directed to observation of tremors,
convulsions, salivation, diarrhea, lethargy, somnolence and prostration. The time of death is
recorded as precisely as possible, if applicable.

Since these signs can only be assessed adequately fmg9 freely moving animals, no specific
assessment was performed during exposure while anirkals were restrained.

Clinical observations were conducted so as to%ke into account the pattern of examination
consistent with a Functional Observation%g(ttery (FOB). Each rat was first observed in its
home cage and then individually i The following reflexes were tested, based on
recommendaticns made by Irwin (1968 and Moser et. al. (1988): visual placing response and
grip strength on wire mesh, abdoméhal muscle tone, corneal and pupillary reflexes, pinnal
reflex, righting reflex, tail-pinch response, startle reflex with respect t» behavioral changes
stimulated by sounds (finger snapping) and touch (back).

7.15. Rectal Tempétatur

Ys
The rectal temperatures were measured directly after cessation of exposure (approximately
within %houf&fter the end of exposure) using a Digimed H 11 digital thermometer with an F2
rectal pfi)l%

Zﬂﬁz.mgm

All surviving rats were sacrificed at the end of the observation period using sodium
pentobarbital (Nembutal®) (approximately 300 mg/kg body weight, intraperitoneal injection).
All rats, irrespective of the day of death, were given a gross-pathological: examination.
Conaiderationwasgiventopetformingagmnnecropsyonanimalsasindicatedbythenamre
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of texic effects, with particular reference to changes related to the respiratory tract. All gross
pathological changes were recorded and evaluated.

7.17. Statistical Evaluation of Data

With graphs of means of data, the indicated parameters were evaluated relative to controls
(mean = 100%). The single standard deviations are also stown relative to the means of(the
controls. Statistically significant differences (versus control) are indicated here by asteans (*
for p < 0.05 and "**' for p < 0.01).

Necropsy findings: If specific findings occur from the respiratory tract of surgi -~ rais they
are evaluated statistically using the pairwise Fisher test after the R x G\chi-squared test
(HP 3000, Department of Toxicology, Bayer AG). The Fisher test wag.only performed if
differences occurred between groups in the R x C chi-squared test oxjif a freguency value of
<5 was calculated. This procedure was performed in accordance with Gad and”Weil (1982).
For calculation of the unilateral p value a symmetrical distribution was assumed (p unilateral =
(p bilateral)/2).

Body weights: Means and single standard devisations Qbody weights are calculated. Mean
body weights are also depicted graphically as a functipn 6f time (see Appendix). Since in acute
studies individual group means may differ prior to cbmmenceraent of the first exposure, the
body weight gain was statistically evaluated fogbeach group. For these evaluations a one-way
ANOVA (vide infra) is used. &

Particle size analysis: The statistical methods used in the evaluation of the particle-size
distribution were described in Secti%’! 8.

FPhysical measurements: The means and, if appropriate (more than 3 values per
measurement), a single standard deviation are calculated.

Physiological data: Bata of rectal temperature measurements are statistically evaluated usiag
the ANOVA proce%ur (vide infra).

Calculation %the LCsg: If calculation of a median lethal concentration (L.Csp) is possible, it
is perfbm%i y computer (HP 3000) according to the method of A.P. Rosiello, JM.
Essim and G.N. Wogan (1977) as modified by Pauluhn (19%3). This method is based on
the maximum-likelihood method of C.I. Bliss (1938). If only 2 pairs of values with greater than
@ﬁm and less than 100% are available then the first linear approximation is based on
thede values and a y>-homogeneity test is not performed. The interpolated concentration at
50% lethality in this case was designated the approximate LCsg.

Randomization: A computerized list of random numbers served the purpose to assign
animals at random to the treatment groups.
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Analysis of variance (ANOVA): This parametric method checks for normal distribution of
data by comparing the median and mean. The groups are compared at a confidence level of (1-
o) = 95% (p = 0.05). The test for the between-group homogeneity of the variance employed
Box's test if more than 2 study groups were compared with each other. If the above F-test
shows that the intra-group variability is greater than the inter-group variability, this is shown in
the Appendix as "no statistical difference between the groups”. If a difference is found then a
pairwise post-hoc comparison is conducted (1- and 2-sided) using the Games and Howell
modification of the Tukey-Kramer significance test. This program was originally obtained fOm -
BCTIC. : e

ol

7.18. Programming and Validating Software \\Q,

Software code for the following purposes was written in HP Fortran (HE-3000) or Microsoft
Fortran 77 (PC): particle-size analysis, ANOVA, Fisher test, ighalation chamber and
physiological data tabulation program, graphics software. All scratch files were generated
using Fortran F8.3 format using the Fortran default rounding routines. Fortran format A was
always used to generate alphanumeric, tables and graphs; i.e. numbers in figures and tables are
rounded-up or -off due to the different format codes of the server. The computer programs
were carefully validated. The validation was conductegysing published text book data sets
(e.g. BCTIC, Gad and Weil, 1982). However, it sh be emphasized that the formal GLP-
requirements required for software validation were Dot fulfilled. Wherever possible, raw data
and calculated/derived values are displayed gr@hically to provide a versatile opportunity for
data comparison. &

Y

7.19. Archiving the Raw Da%thhe Report

The protocol, raw data, and the final report are archived in locations specified by Bayer AG, in
accordance with GLP requirements. -
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8. RESULTS

8.1. Generation and Characterization of Atmesphere

Technical information concerning generation of test atmospheres is provided in Table 1.

Table 1: Generation and characterization of chamber dust atmosphere @
’ X
Group | Group | Group | Group | Group | Gro Group
1 2 3 4 5 6\ 7
Generator - EXA EXA EXA EXA | BXA | EXA
Gravimetric Conce. SMm’) - 96 189 238 314 |~ 384 541
Tnlet Air Flow (Vmin) 15 28 28 28 28X 28 78
Exhaust Air Flow (I/min) 13 22 22 22 k7] 22. 22
Temperature (mean, °C) 22 23 22 22 22 22 22
Rel. Humidity (mean, %) 38 23 38 39 35 37 36
MMAD (pum) - 3.1 3.2 4.0 36 38 3.1
GSD - 1.6 1.7 2.1 1.5 1.5 1.6
Aerosol Mass < 3 um (%) - 49 46 Q) 36 31 27 47
Mass recovered sym’) - 44 1 128 357 429 413
MMAD = Mass Median Aerodynamic Diameters A
GSD = Geometric Standard Deviation. %
- = not applicable; EXA: Exactomat ((/

For specific information concerning calculéions of aerosol MMAD, GSD, and mass dependent
size fraction below 3 pm, see the Ap%eﬁix

Characterization of the test atmospheres: Analytical monitoring of the aerosol test
atmosphere from the breathing zone (4 samples/exposure) indicated that the exposure
conditions were temporally stable over the exposure period. Analysis of the aerosol particle-
size distribution fromkfhe breathing zone demonstrated that the aerosols generated were, in
general, in the respipable range (SOT, 1992).

Temperature @ad humidity values in the inhalation chamber were in the range suggested by the
testing guifiglines.
Y

?\
A
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8.2. Toxicological Results

The results obtained during and after exposures of rats for 4 hours to this test substance are
summarized in Table 2. Controls were exposure for 4 hours to air.

Table 2: Summary of acute inhalation toxicity

Group | Gravimetric | Toxicological | Onset and Rectal Onset of)
/sex | Concentration Result Duration of | Temperature Mortgli
(mg/m) Signs ) &
1/m 0 0/0/5 - 38.2 L -
2/m 96 0/5/5 4h - 8d 32.5%* K, -
3/m 189 0/5/5 4h-7d 31.2%% \ -
4/m 238 3/5/5 4h - 7d 30.6**\~ 1d
5/m 314 3/5/5 4h - 7d 30.80* _1d-2d
6/m 384 4/5/5 4h-11d 20.4** 1d
7/m 541 4/5/5 4h-11d 29.2%* 1d
1/f 0 0/0/5 - 38.6 -
2/f 96 0/5/5 4h-8d. 32.0** -
3/f 189 0/5/5 4h - 78~ 31.6** -
4/f 238 3/5/5 4h X7d 30.9%* 1d-2d
5/f 314 3/5/5 4h-7d 31.0%* 1d - 2d
6/f 384 4/5/5 X4h - 6d 30.6** 1d
7/f 541 4/5/5 4h - 6d 30.5*%* 1d

Y

m = males, f = females, — not applicable,% yf) <0.01

Mortality / 1&50 Calculation:

LCsq - mal females combined: 270 mg/m® air
95% nfidence interval: 217 - 337 mg/m® air
llo =1.53

The oncentration-mortality relationship as well as the pertinent survival rates are shown
gﬁ)hically in the Appendix. The exact onset of mortality is provided in the gross necropsy
tables.
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Details concerning signs and observations are provided in the Appendix as various incidence
tables. The following list of signs is focusing on major signs only.

Groups 1. All rats tolerated the treatment without signs.

Group 2: Bradypnoea, laboured breathing pattern, sneezing breathing sounds, nose/snout area
with red colourations/encrustations, reduced. motility, flaccid appearance, ungroomed hair-
coat, piloerection. O

Group 3: Bradypnoes, laboured and unregular breathing pa&em rales, nose/snout arer with
red encrustations, salivation, serous discharge from nose, cyanosis, reduced mo@_ty, apathy,

flaccid appearance (atony), ungroomed hair-coat, piloerection. &,

XY
Group 4-7; Bradypnoea, laboured and unregular breathing pattern, rdkm&m breathing
sounds, nose/snout area with red encrustations, salivation, serous,discharge from nose,

cyanosis, reduced motility, apathy, flaccid appearance (atony), ‘angroomed hair-coat,
piloerection, emaciation.

Reflex Measurements:
The battery of reflex measurements were made as indica{a in the Appendix. Summaries of the

reflex data are shown in the Appendix. All animals sh&®ed normal reflexes.

C

Rectal Temperature: <

Results of the evaluation of the rectal tenﬁ:erature are summarized in Table 2. Individual data
are provided in the Appendix. Statisti¥l comparison between groups exposed to the aero-
solized test compound with those irhe control group did indicate effect on body temperature
in all groups exposed to the test compound.

Body Weights:

Individual data as wel{9s evaluations of data concerning body weight gain are included in the
Appendix. Statistiogl comparisons between the groups indicated significantly decreased body
weights in all groups exposed to the test compound.

Q

<
Y

'
R
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Necropsy:

Individual findings from the gross-pathological examinations are shown in the Appendix. A
cualitative descnptlon, only for fmdmgs of toxicological importance and for toxicological
evaluation, is given below.

v

Whlte foamy dxscharge ﬁ'om snout, red encrustatxons in the muzzle area, lung with dark-red
colourations and spongy (oedematous) appearance, foam in trachea, distengeq, hydrothorax;

lobulation of liver, and pale parenchymatous organs. v
Ao .
O
?\
ol
A
Y
?\
o)
O
?.
ol
&
4
Y~
e
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9. EVALUATION AND DiSCUSSION

A study on the acute inhalation toxicity of DESMODUR 15 in rats has been conducted in
accordance with OECD Guideline No. 403. The aerosol generaied was of adequate
respirability. ‘

Aerosol (dust) concentrations to 238 mg/m® and above induced tesi substance related monﬁﬁy .
within the first two postexposure days. Exposure to concentrations equal or less thya 189
mg/m® test compound were tolerated without mortality. Necropsy findings support the
conclusion that a causal relationship between lethality and lung damage existed. Egposures to
concentrations of 96 mg/m* and higher were followed by concentration-dependent signs
suggestive of irritation of the respiratory tract (e.g. bradypnoea, dyspnoea, idboured breathing
pattern, rales, nose/snout area with red encrustations, serous discharge ffom nose, cyanosis,
hypothermia) and non-specific signs such as reduced motility, body weight gain, emaciation,
and flaccid muscle tone. The duration of signs (maximum duration up to day 11) was
dependent on respiratory signs.

The aerosolized test substance (dust) was of adequa:yespirability. Accordingly, mortality
appeared to be related to damage of the respira,tm%~ ct in general and the lower tract in
particular.

R

?N
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10. KEY TO ABBREVIATIONS

Konz. Concentration

nomin. Nominal

analyt. Analytical

mem/p Micrometer

Expos. Exposure ' Q)
MMAD Mass Median Aerodynamic Diameter v
NMAD Number Median Aerodynamic Diameter

GSD Geometric standard deviation (GSD) &

ECD Effective cut-off diameter

Ai Sample for analysis Y~

STAND, S, Std, s Standard deviation A -
MW/MEANS Means

F F-test value (F-ratio)

DF Degrees of freedom

PROB Probability O

SS Total sum of squares

MS Mean squares

TREATMENT - between the groups

ERROR - within the gfoups

TOTAL - total L

Observation No.: n-nn

g)o&weight gein from date n to date nn
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