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Gallium arsenide is a crystalline compound used extensively in the
semiconductor industry. Workers preparing solar cells and gallium arsenide
ingots and wafers are potentially at risk from the inhalation of gallium
arsenide dust. The potential for gallium arsenide to cause developmental
toxicity was assessed in‘Sprague-Dawley rats and CD-1 (Swiss) mice exposed to
0, 10, 37, or 75 mg/m3 gallium arsenide, 6 h/day, 7 days/week. Each of the
four treatment groups consisted of 10 virgin females (for comparison), énd =30
positively mated rats or =24 positively matéd mice. Mice were exposed on 4-17
days of gestation (dg), and rats on 4-19 dg. The day of plug or sperm
detection was designated as 0 dg. Body weights were obtained throughout the
study period, and uterine and fetal body weights were obtained &. sacrifice
(rats, 20 dg; micq, 18 dg). Implants were enumerated and their status
recorded. Live fetuses were sexed and examined for grosé, visceral, skeletal,
and soft-tissue craqiofacial defects. Gallium and arsenic concentrations were
determined in the matérnal blood and uterine contents of the rats (3/group) at

7, 14, and 20 dg.

Pregnant and virgin rats exhibited signs of pulmonary toxicity (dyspnea
‘and grey, mottled lungs):; however, there were no effects on maternal body
weight. Developmental toxicity in the form of concentration-related growth
retardation, evidenced as reduced fetal body weight and an increased incidence
of skeletal variations became statistically significant at 37 mg/m?. There
was no evidence of embryotoxicity or frank teratogenicity. The maternal NOAEL
for inhaled gallium arsenide in rats is at least 10-mg/m3. The NOAEL for
developmental toxicity is 10 mg/m® if determined solely on the basis of
adverse effects achieving statistical significance; however, nonsignificant
indications of developmental toxicity were present at this exposure |

concentration.

Determination of gallium and arsenic concentrations in materral rat
blood and in the conceptus showed that arsenic concentration in the blood

achieved high levels (170 pg/g at 75 mg/m3 on 20 dg), increased with exposure

concentration, and over the course of exposures. Arsenic concentrations in
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the developing fetus were elevated above controls in a concentration-related
fashion (2.2 Hg/g at 75 mg/n@ on 20 dg), but were far exceeded by maternal
blood concentrations. The excess arsenic in the maternal blood was probably
tightly bound t¢o hemoglobin in the erythrocytes, and thus was not available
for placental transfer. Gallium concentrations were much lower than arsenic
ievels‘iﬁ both the maternal blood and in the conceptus, but gallium
concentration was gréater in the fetus than in the dam (approximately 1.3 vs.

0.5 Hg/g at 75 mg/m3 on 20 dg, respectively).

Swiss (CD-1) mice were much more sensitive to the effects of gallium
arsenide than were the i1ats. The two highest exposure concentrations were
maternally‘lethal to some animals; body weights and body weight gains were
reduced in survivors of both of these groups. Mice in the 37 and 75 mg/m3

groups exhibited signs of pulmonary toxicity; minimal pulmonary toxicity was

cbserved in the 10-mg/m3 group. A NOAEL for maternal toxicity in mice was not

achieved in this study. Developmental toxicity was evident in all three
exposed groups, and became statistically significant at the 37fmg/m3 exposure
concentration. There were signs of embryolethality, fetal growth retardation,
significant increases in the incidence of fetal variations (primarily |
sternebral defects), and a sliéht, but not statistically significant, increase
in the incidence of fetal malformations. A NOAEL for developmental toxicity

was not achieved in this study.
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INTRODUCTION

Gallium arsenide (GaAs) is a crystalline compound which is being used
extensively in newly developed electro-optical devices, microwave
telecommunication systems, and computers becauce of its superior semiconductor
properties. Industrial hygiene studies have indicated a potential for
inhalation exposure to airborne gallium arsenide dust by workers involved in
ﬁhe manufacture of photovoltaic solar cells, cleaning of gallium arsenide

ingots, and preparation of gallium arsenide wafers (Webb et al. 1984).

No studles addressing the potential for gallium arsenide exposure to
cause development toxicity have been reported; however, other arsenic
compounds, primarily the sodium salts of arsenate (As([V]) and arsenite
(As{III]), have been shown to possess developmental toxicity in several
laboratory animal species; the hamster (Ferm and Carpenter 1968), rat
(Beaudoin 1974), and mouse (Hood and Bishop 1972). Several reviewé on the
developmental toxicity of various forms of arsenic are available‘(Bérlow and
Sullivan 1982; Willhite and Ferm 1984). In general, As([III] appears to be
less teratogenic than As(V], but more embryolethal (Hood and Harrison, 1982;
Wwillhite 1981). Both compounds are more toxic when they are administered by
intraperitoneal (i.p.) or intravenous (i.v.) injection than when given orally.
The predominant fetal abnormalities found following gestational exposure to
As([V] are summarized in Table 1. Prenatal exposure to arsenic has also been
reported to cause a sigaificantly increased incidence of leﬁkemia in the adult

offspring (Osswald and Goerttler 1971).

Inorganic arsenic rapidly crosses the placenta in most laboratory
species and in man. Lindgren et al. (1984) reported the placental transfer of
arsenic following i.v. administration of radiolabelled arsenite or arsenate to
pregnant mice or monkeys. Hood et al. (1987) measured the distribution,
metabolism and fetal uptake of As{V] in pregnant CD-1 mice following i.p.
administration of 20 mg/kg sodium arsenate or the per oral (p.o.)
administration of 40 mg/kg on 18 dg; these doses approximated the maximum

tolerated doses in terms of abortion or maternal death. Dams were killed at
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intervals from 2 to 24 h posttreatment. Maternal blood levels following p.o.
and i.p. dosing peaked at 1 h (2.05%1.05 pg/ml) and 10 min (6.93+1.00 ug/ml),
respectivelv: fetal levels peaked at 6 h (0.77:0.27 Hg/ml) and 2 h

(3.49i2.95 Mg/ml), respectively. All samples declined to their lowest levels
within 18-24 h. ‘Analyses of the fetal tissue for arsenic metabolites showed
that methylated arsenic was present in all fetuses at all sampling times, that
dimethylarsinic écié (bMA) greatly predominated over monomethylarsinic acid,
and that the fétal DMA concentration exceeded‘inorganié arsenic within 4-5 h
of treatment. The results of Hood et al. (1987) showed that the route of
administration had a definite effect‘on the maximum concentrations achieved in
the maternal blood and in the fetus, as well as an effect on the time required
to achieve the maximum concentrations, but the route of administration did not

appear to affect the degree of metabolism.

Hanlon and Ferm (1986) examined the maternal blood levels of arsenic
following administration of sodium arsesnate to pregnant hamsters with a
minipump implanted on 6 dg. Dams were sacrificed at 24, 48, 72 and 168 h
after implantation of the pump, and the concentration and chemical species of
arsenic in the maternal blood was determined. At 48 h after implantation of a
minipump containing 0.642 M arsenate (equivalent to to 200-223 pmoles/kg; 15~
17 mg/kg), maternal blood levels reached =0.65 pg/ml and remained at that
level through 13 dg (the end of the study). A maternal blood concentration of
4.3 umole As/kg blood (0.32 pg/ml) on 8 dg is mildly teratogenic to golden
hamsters, while a blood concentration of 8.4 pmole/kg (0.63 pg/ml) is frankly

teratogenic (Ferm and Hanlon 1985).

Speciation of the arsenic present at 48 h showed that the plasma
contained approximately 70% arsenate, 7% arsenite, and 26% methylated arsenic,
wh’le red blood cells (RBCs) contained approximately 46% arsenate, 14%
arsenite, 10% methylated arsenic, and 30% nondialyzable arsenic. By 72 h the
proportion of arsenic species in the plasma remained about the same while the
proportions of the various forms present in the RBCs had changed considerably.
At the 72-h timepoint the proportion of arsenate in the RBCs had declined by
about 50% and the proportion of arsenite had doubled. The proportions of

methylated and nondialyzable arsenic remained essentially unchanged. Thus,
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arsenite and other metabolites are present in the blood of animals treated

with arsenate.

Methylated forms of arsenic seem to be less developmentally toxic than
the inorganic forms (Hood et al. 1982). Intraperitoneal injections of
disodium methanearsonate or sodium dimethylarsinite (=1,000 mg/kg or
500 mg/kg, respectively, which approximated the minimum lethal cdose for
pregnant hamsters) caused a high incidence of intrauterine mortality, but only.
a very few fetal abnormalities. A study in mice (Harrison et al. 1980) also
showed that the dose required to produce embryotoxic effects in this species
was approximately 100-fold greater than that required for As[III] or As[V]
(Hood and Bishop 1972). Since these doses are well into the maternally toxic
range it appears that methylated . forms of arsenic are not selectively toxic to
the fetus. In fact, methylation appears to be the most significant route of
detoxification of inorganic arsenic in all laboratory species examined as well

as in man (Crecelius 1977, and others).

A significant species difference in the distribution and clearance of
arsenic exists between rats and mice, and in fact between rats and nearly all
other mammalian species. While arsenic is cleared quite rapidly in the mouse
(Hood et al. 1987; Hood et al. 1988), arsenic persists in the blood of the rat
for long periods of time (Odanaka et al. 1980). This persistence is due to
the strong (possibly irreversible) binding of arsenic to the hemoglobin of
RBCs, presumably in its methylated form (Lerman and Clarkson 1983). The
process appears to be saturable, due either to a limitation cf the rate of
methylation or the rate of binding to the hemoglobin (Vahter 1981). Once
bound to the RBCs, however, the availability (Odanaka et al. 1980) and thus

the toxicity of arsenic is greatly reduced.

Only a few studies specifically addressing gallium arsenide toxicity,
distribution and metabolism have been reported. Since the arsenic atom of
gallium arsenide exists in a reduced state (As™3) as opposed to the more
prevalent oxidized states of arsenic present in arsenites (As*3) and arsenates
(As*5), the possibility for differences in the distribution and rate of

metabolism exits. Furthermore, gallium arsenide is relatively insolukle and
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the rate of absorption from the lung as well as the chemical species absorbed
are not well known. However, Pierson et al. (1989) reported that crystalline
gallium arsenide dissolved slowly in an aqueous solution‘that was made up to
resemble lung fluid (Gamble's sclution) and maintained at pH 7.4. During the
dissolution process the arsenic in the gallium arsenide was found to migrate
to thé surface of the particles and solubilize preferen;ially following
surfacg oxidation to a species resembling As;03. After 10 days arsenic
concentrations in the solution reached approximately 2 ppm while gallium
attained a concentration of only 0.4 ppm. From their data they predicted that
there would be a slow but continuous increase in the gallium and arsenic
levels in the artificial lung fluid. Thus, these elements would be expected
to be biocavailable following inhalation exposure to particulate gallium

arsenide.

In a study designed to compare the metabolism and distribution of the
arsenic in gallium arsenide with that in arsenate and arsenite, Rosner and
Carter (1987) dosed Syrian golden hamsters intratracheally with 5 mg/kg
arsenic as gallium arsenide, sodium arsenate, or sodium arsenite. The
hamsters were killed at 1, 2, and 4 days after dosing, and arsenic levels in
the urine, kidneys, liver, lungs, urine, and feces were measured. Arsenic
from all three compounds was absorbed from the lung within 24 h; however,
blood levels were greater in the animals treated with arsenite or arsenate
than in those dosed with gallium arsenide. Arsenic blood levels in gallium
arsenide treated animals peaked at 48 h posttreatment and remained constant
through 4 days posttreatment, while arsenic from the other two compounds
peaked much earlier and declined more rapidly. Arsenate and arsenite were
cleared from the lung within 24 h, but 40% of the arsenide remained in the
respiratory tract at that time. After 4 days approximately 50% of the arsenic
in arsenite and arsenate had been eliminated from the urine, but only about 5%
of the arsenic from arsenide. Approximately 50% of the administered gallium
arsenide was eliminated in the feces within 4 days; approximately half of that
was eliminated within 24 h. Extensive elimination of arsenic in the feces was

not found for arsenite or arsenate; <10% was eliminated by that route.
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Arsenic from gallium arsenide was metabolized to the same metabolites as
were found for arsenite and arsenate. However, based on urinary excretion
data, only about 10% of the arsenic from gallium arsenide was absorbed, much
lower than for the other two compounds. The majsrity of the administered
gallium arsenide was found in the feces, presumably from mucocilliary
transport and subsequent swallowing. These results are consistent with those
of Yamauchi et al. (1986), who found that 87.5% of the total arsenic trom
orally administered gallium arsenide was excreted in the feces of hamsters.
Because of the low rate of absorpcion of érsenic from the pulmonary system of
gallium arsenide treated animals, the biocavailability of arsenic is lower than

that in animals treated with either arsenite or arsenate.

Rosner and Carter (1987) found dimethylarsinic acid was the major
urinary metabolite for ;ll three arsenic compounds. The ratio of
dimethylarsinic acid to other arseﬁic metabolites (As[III]}, As[V],
monomethylarsonic acid, and unknown) was approximately the same for arsenite,
~arsenate, and arsenide except at 1 day posttreatment where the the ratio of

DMA to the others was greatest for gallium arsenide.

The present study.was designed to assess the potential for inhaled
gallium arsenide to cause developmental toxicity in rodents. In order to
determine the concentrations of arsenic and gallium in the maternal blood and
the fetus over the course of pregnancy, the study design also incorporated the
analysis of arsenic and gallium in these tissues at three time points. Since
inhalation exposure to gallium arsenide caused significant male toxicity in
mice and rats in the 13-week subchronic study recently conducted for the NTP
at Battelle-Pacific Northwest Laboratory, proven breeder male rats were
exposed to gallium arsenide for 12 days and the levels of gallium and arsenic
in the blood and the testes analyzed after the last day of exposure as an
auxiliary to the developmental toxicity study. Sperm motility and epididymal
sperm concentrations were alsc evaluated in the exposed males in order to
determine the short-term effects (if any) of exposure to gallium arsenide on
these parameters. The results from the male toxicity study will be presented

in a separate report.
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Gallium arsenide exposure conceitrations of 0, 10, 37, and 75 mg/m® were
chosen for the developmental toxicity study with the intent to produce a 0
minimum, but observable, maternally'toxic response at the highest

concentration and to establish a no-observable-adverse-effect level (NOAEL)

for developmental toxicity at the lowest exposure concenﬁration. The middle

exposure concentration was chosen with tﬁe intent of providing adequate data

 for interpreting the dose-response characteristics. The choice of these
concentrations was based oﬁ the results of the repeated dose and 1l3-week

subchronic toxicity studies recently conducted at Battelle-Pacific Northwest
Laboratory for the NTP. Negative results at the lowest exposure concentration

would provide an adequate margin of safety:; 1,000-fold above the current TLV

for arsenic which is 10 pg/m?. The study protocol may be found in Appendix F.
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CHEMISTRY

Bulk Analysis and Storage

Chemical characterization of the gallium arsenide (GaAs) test material
was presented in the October 26, 1988 report from Midwest Research Institute
(MRI). Bulk chemical was identified as gallium arsenide (MRI Lot No. M051988,
Batch 06). Cumulative analytical data indicated a purity of greater than 98%.

Elemental analysis results showed good agreement of gallium with
theoretica: values; however the elemental analysis results for arsenic were
high; 52.8% compared to a theoretical value of 51.8%. No organic impurities
were found to be present by elemental analysis. Spark-source mass
spectrometry indicated that gallium and arsenic were the major components, and
no individual impurities were present at concentrations greater than 100 ppm.
All impurities totaled less than 170 ppm by spark-source mass spectrometry.
Weight loss upon drying indicated 0.04 + 0.01% water. Chelometric titration
indicated a purity of 99 t 1%.

The MRI recommended procedure was implemented at PNL and the bulk
chemical purity was initially determined by elemental analysis. Subsequent
chemical analyses prior to the start of the study were performed using
chelometric titration; the test material relative purity was >99% and

acceptable for the study exposures.

Gallium arsenide was stored a* room temperature (=20 °C) under an inert
nitrogen atmosphere and protected from direct exposure to light as recommended
by the NTP analytical contractor. 1In order to provide more convenient
containers for day to day usage of the bulk chemical, the test material was
subdivided into 32-oz jars. Additional details regarding test material

receipt, usage, storage, and disposition may be found in Appendix A.
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T C) {cal Stabil Studi
Gallium arsenide undergoes oxidation in the presence of atmospheric
oxygen; however, once a protective oxide surface layer is formed further
oxidation of the material is‘retarded. The extent of this oxidation was
examined by x-ray photoelectron spectroscopy (XPS) during the gallium arsenide
repeated dose study conducted for the NTP at PNL. These studieé indicated
that the surface of the test material contained gallium oxide, arsenic
trioxide, and gallium arsenide. The molar ratio of gallium oxide to gallium
arsenide in the surface oxide layer ranged from approximately 0.24 to 0.30,
whereas the molar ratio of arsenic trioxide to gallium arsenide ranged from
approximately 0.18 to 0.25. The XPS analysis further indicated that the

oxidation observed was confined to a surface layer depth of approximately 50

to 100 A.

Test article stability was also investigated using x-ray diffraction
(XRD) analysis to determine the crystalline phases present in samples of
gallium arsenide from the exposure system during the first week of the study
. {XRD has a detection limit for various crystalline phases of about 1-2% by
volume). No crystalline phases other than gallium arsenide were observed in
any of the samples. Thus, although oxidized phases have previously been shown
to be present using XPS and scanning-transamission electron microscopy, their

concentration is less than the XRD anulysis detection limit,

During the repeated dose and subchronic studies possible contamination
of the test article by materials in the exposure generation system was
investigated using x-ray fluorescence spectroscopy (XRF) and inductively
coupled plasma-mass spectrometry (ICP-MS). Although gallium arsenide was
expected to be quite stable within the generation system, small amounts of
metallic impurities could be introduced into the system as a result of test
chemical generation. Minor amounts of metallic impurities were detected in
samples from the exposure chambers, but these impurities were all present at
very low concentrations (<1% by weight). These analyses were repeated using

XRF analysis during the first week of the developmental toxicity study and
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impurities were again found to he <1% by weight. Additional details of test
chemical stability measurements can be found in Appendix A of this report.

Monitoring of Test Chemical Concentration in Exposure Chambers

Gallium arsenide aerosol concentrations were monitored with real-time
aerosol monitors (RAM-1, MIE Corp., Bedford, MA; Figure 1). These devices
used a pulsed light-emitting diode in comibination with a silicon detector to

sense light scattered over a forward angle of 45° to Y5° by the particles

traversing the sensing volume. The instrument responded to particles in the

0.1 to 20 fm diameter size range.

The sample sysﬁem used a valve to multiplex one RAM to two exposure
chambers and eicher the control chamber o¢r the room. The monitors were
connected to the chambers through sample lines designed to reduce aerosol
particle losses due to settling or impaction. The output of the RAM was
automatically read and recorded by the data acquisition and control system. A
Hewlett-Packard HP85B computer remotely controlled the selection of the
correct sample stream and the acquisition of data from the monitor. The
equations for the calibration curves were coatained in the HP85B computer and
were applied to the voltage data supplied by the RAM. Each chamber
concentration was compared with limit values for the particular location. If
a chamber concentration was beyond control limits, the HP85B computer would
have sent the information to the executive computer (HP9816) for appropriate

action.

Exposure concentrations for the developmental toxicity study were set at
10, 37, and 75 mg/m?, and two additional chambers were maintained at
concentrations of 0.1 and 1.0 mg/m3 for the purpose of chamber monitor
calibration. The 1.0 mg/m? chamber also housed male mice for a concurrent

study (reported elsewhere).

The RAMs were calibrated against chamber concentrations determined from
the analysis of glass-fiber filter samples obtained from the exposure
chambers. Gallium arsenide was dissolved from the filters with 20% nitric

acid, diluted, and the diluent analyzed for gallium using graphite furnace
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atomic absorption spectrophotometry (GFAAS). Chamber concentrations’
determined from analysis of filter samples were correlated with voltage

readings from the RAMs obtained concurrently with filter samples.

There was no on-line standard for gallium arsenide aerosol. Thus, to
ensure that chamber zoncentrations were within 20% of the target exposure
concentrations, filter samples were obtained daily from exposure chambers and
the amount of gallium arsenide on each filter was determined gravimetrically.
If the chamber concentration determined from the gravimetric analysis was not
within +20% of the chamber target concentration, RAMs were recalibrated using
a chemical specific method, GFAAS. The minimum detectible limit (MDL) for
each RAM was determined as the average blank plus three times the standard
' deviation of the blank, and was calculated to be 0.020, 0.013, and 0.006 mg/m3
for RAM#1, RAM#2 and RAM#3, respéctively.

During prestart tests for the recently conducted subchronic study the
precision of each RAM aerosol monitor was estimated from the average %¥RSD of
dupiicate voltage readings obtained during routine RAM calibrations. 1In the
absence of an on-line standard for the aerosol, this estimate included both
the RAM variability and the variability associated with the generation and
delivery system. Data from the prestart phase of the gallium arsenide
subchronic study indicated the precision for repeated concentration
measurements ranged from approximately 0 to 12 %RSD. Additional details of
test chemical concentration monitoring may be found in Appendix A of this

report.

GENERATION AND EXPOSURE, METHODS
Exposure Chambers

The animals were exposed and maintained in inhalation exposure chambers
developed at PNL (Mpss et al. August 1980. "Whole-Body Inhalation Chambers."
U.S. Patent No. 4,216,741; Moss 1980; Brown and Moss 1981; Moss et al. 1982)

and now commercially produced by the Harford System Division of Lab Products,

Inc., Aberdeen, MD. The chamber (Figure 2) facilitates multiple-tier
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exposures of various laboratory rodent species to aerosol- and vapor-laden
atmospheres. The total volume of the chamber is 2. m3 with an active mixing
volume of 1.7 m3, the remainder being the inlet and exhaust volumes where
animals are not placed. There are three levels of caging, each level aplit
int.o two tiers which are offset from each other and from the chamber walls,
Drawer-like stainless steel caye units composed of individual animal‘cages are
suspended in the space above each tier. Stainless steel catchpans for the
collection of urine and feces are suspended below each cage unit. Catchpans

were left in posgition during each exposure period.

The chamber was designed so that uniform aerosol or vapor concentrations
can be maintained throughout the chamber when the catchpans are left in
position. Incoming air containing a uniform mixture of test material is
diverted so tnat it flows vertically along the inner surfaces of the chamber.
Eddies are formed ét each tier aé the aerosol.or vapor flows past the
catchpans. Stagnant zones that would normally exist above each pair of
catchpans are cleared by exhaust flow through the space between the tiers.
Aerosol or vapor reaching the lowest level 1is deflected across the bottom
tiers by metal strips in the space between the catchpan and the wall. Tésts
have shéwn that aerosol or vapor concentrations uniform to within 3 to 8%
throughout the chamber can be obtalned repeatedly provided the aerosol or
vapor is uniformly mixed before passing through the chamber inlet (Moss 1980;
Moss et al. 1982). These tests were performed at PNL on a dynamically similar
model of the chamber, as well as in the full scale chamber. Work at the
Inhalation Toxicology Research Institute of the Lovelace Foundation,

Albuquerque, NM has confirmed these findings (Griffis et al. 1981).
E s ] r‘ n K] i

The gallium arsenide exposures were conducted using an automated data
acquisition and control system in an exposure suite (Figure 3) specifically
designed for the study of hazardous insoluble aerosols. The suite consists of
three exposure rooms and a suite control center room (only one of the exposure
rooms was used for gallium arsenide exposures). A central computer monitored

and controlled the basic chamber functions (i.e., test chemical concentration,
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alrflow, vacuum, temperature, and relative humidity) in the exposure room.
The executive computer was a Hewlett-Packard (HP) Model 9816. All data
acquisition and system control originated from this computer. All
experimental protocols related to the data acquisition and control system
(such as data channel assignments, monitoring frequencies and alarm settings)
resided in the executive computer and were entered into tables accessed by
menus. Data and comments from the exposure riom were stored on separate
magnetic diskettes by HP Model 9:21 micro-floppy disk drives. Data and
comments were printed on a thermal dot matrix printer (HP Model 2671G). Data
were printed and stored immediately upon completion of the measurement to the
"Daily Log". At the end of the day (24-hour period), the daily data were
analyzed and a summary was printed which included the mean, standard
deviation, percent relative standard deviation, maximum, minimum, and number
of measurement for each set of data for the 24-hour period. A second printout
provided a table of outliers (i.e. all data points which were beyond the
critical limits defined in the protocol), and a third provided‘a list of all

comments generated by the computer and operators;
Generation and Delivery System

The gallium arsenide aerosol generation and delivery system (Figure 4)
was composed of five basic components; a Battelle-designed flexible-brush dust
feed mechanism, a Trost Model GEM-T air jet mill, a cyclone separator, an

aerosol charge neutralizer, and an aerosol distribution system. |

)

The flexible~brush dust feed mechanism (Figure 5) employed a ..opper into
which the dry powder was poured. This hopper enclosed a randomly wound large
bristle brush which continually rotated and stirred the powder and also
delivered it through a small hole in the bottom of the hopper into a feed
tube. The feed tube which was below and at a right angle to the hopper
contained a spiral wound feed brush. The dust was conveyed through the feed
tube at a controlled rate by a stepping motor connected to the feed brush.

The dust dropped from the end of the feed tube and was asplrated into the
Trost air-impact pulverizer. The performance of the generation system and the

stability of the chamber concentrations was highly dependent upon the loading

GALLIUM ARSENIDE DEVELOPMENTAL TOXICITY 12 December 1990



cc the hopper and upon the "free-flow" properties of the gallium arsenide
dust. Material for each day was stored overnight in a nitrogen purged

desiccator to achieve more uniform behavior of the material in the generator.

The Trost air-impact pulverizer or air mill (Model GEM-T, Garlock
pPlastomer Products, Newton, PA) used the fluid energy from opposing air jets
to cause particle-to-particle, head-on impaction to deagglomerate and reduce
the size distribution of the feed material. Following impaction, the
particles were swept into a classification chamber where smaller ones exited
to the next component of the generation system and larger ones were thrown to
the perimeter by centrifugal force. These larger particles were reentrained
into the impacting air jets for size reduction. Because of the hardness of
the gallium arsenide test material, we believe that little size reduction
actually occurred in the jet mill, but rather only deagglomeration of the
particles fed from ;he flexible brush dust feeder.

The size distribution of the bulk material was such that the mass median
aerodynamic diameter (MMAD) would be beyond the limits prescribed by the study
_ protocol if it had been dispersed as supplied. As pointed out above, the
Trost mill was not expected to provide a significant amount of size reduction.
Therefore, a cyclone separator was installed and a significant fraction of the
test material was removed to achieve the appropriate MMAD. Failure to remove
the oversized particles would have resulted in clogging of many portions of
the distribution system. A removable cup at the base of the separator

collected the oversized material for proper disposal.

The actions of the flexible brush dust feeder, the Trost mill, and the
cyclone tend to place an excess static charge on the aerosol partic:les which
resulted in attraction of the particles to the walls of the delivery system
thereby reducing the delivery efficiency. It hay also result in altered
deposition patterns within the respiratory tracts of the exposed animals. To
control the excess charge, the aerosol was passed through a plece of plastic
duct which had two 10 mCi ®3Ni-plated foils suspended in the center. The

diameter of the duct and the activity of the foils were matched to provide
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sufficlent time for the aerosol to reach Boltzmann equilibrium at the system
flow rate. f

J

The aerosol whigh exited the charge neutralizer was donveyed across the
hall from the suite cpntrol center into the exposure room by the aerosol
distribution line (F%bure 4). At each chamber location, an Air-vac® (Alr-vac
Engineering Co., Incx, Milford, IT) pump siphoned material from the
distribution line inﬁo the chamber inlet. The 0.1 and 1 mg/m® exposure
chambers were connecﬁed to a secondary distribution line which was coupled to
the 1ain line with afstainless steel tube and an Air-vVac pump., The
concantrution was fufther‘diluted in this distribution line. Each
distribution line was terminated with a HEPA filter to remove any excess
material not delivered to the exposure chambers.

Characterization of Test Article Concentratior in Chambers

Examples of the buildup of aerosol concentration at the beginning of the
exposure and the decay of concentration at the end of exposure with animals
are shown in Figure 6. The rates were measured prior to the start of the
subchronic study without animals (data not shown) and during thils study with
animals to determine if the presence of animals would have an effect. The
time following the start of the exposure for the concentration to reach 90% of
the final stable ccncentration in the chamber (Ty5) and the time following the
termination of generation for the aerosol concentiation to decay to 10% of the
stable concentration (T;,) were determined from the graphs. The values of Tyg

and T,y are summarized in Table 2.

The mean value for T4y without animals was approximately 11 minutes in
Phase 1 of the subchronic gallium arsenide study and was 12 minutes with
animals in the chambers. No significant differences were seen with the
addition of animals into the exposure chambers. Minor discrepancies in the
shapes of the buildup curves were due to the operation of the system. The
theoretical value for the chamber with a flow of 15 cfm is about 12 minutes.

A Tyo value of 12 minutes was used in this study. T;, ranged from 7 to 10

minutes with animals in the chambers.
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Uniformity of the aerosol ¢oncentration in the exposure chambers was
e measured prior to the start of the subchronic study without animals and once
during the developmental toxicity study with animals in the chambers. The
uniformity of the aerosol concentration was measured within each exposure
chamber on the levels where animals were housed (Figure 7) as well as at the
sample port for the mn-line RAM. The sampling location for the uniformity
measurements was Jjust above and about 10 cm in from the front or back center
of each cage unit where animals were housed. The uniformity data for each

chamber are summarized in Table 3. Complete data may be found in Appendix C.

The variation of aerosol concentration‘measured from one sample port to
another during the measurement procedure is the total port variability (TPV)
and consists of both spatial and temporal variations. Two factors contribute
to the TPV. The first, the between port variability (BPV), represents the
spatial variation of the test material within the chamber. The second factor,
the within port varlability (WPV), represents the temporal fluctuation of the
average aerosol concentration within the chamber during the time the
measurements were taken. The temporal factor includes variations in the

. generation system as well as variation of the measurement instrument itself.

The WPv‘is determined from a minimum of three measurements taken at the
on-line monitor port (lF) before, during, and after all other ports are
measured. The TPV is determined from, at the minimun, the front and back
ports at each level on which animals are housed, as well as one measurement
from the on-line monitor port (whether or not animals are housed on that

level) .

The BPV is determined by applying the following equation:

BPV = V(TPV)2 - (WpV)?

Since the WPV is often determined from fewer measurements than the TPV,
statistically it is possible for the WPV to be greater than the 1TPV. In these
cases, the BpPV is very small, but it cannot be distinguished from the WPV.
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The BPV cannot be determined using the above equation as it yields the square

root of a negative number, and 3o it is reported as unresolvable.

Cascade impactor samples (Mercetmstyle 7-stage impactor, In-Tox
Products, Albuquerque, NM) were taken once each mon;h from each exposure
chamber during the subchronic study and the stages (glass coverslips lightly
sprayed with silicone) were chemically analyzed for gallium by ICP-MS or
GFAAS. The relative mass collected on each stage was analyzed by probit
analysis (NEWCAS; Hill et al. 1977). The resulting particle size |
distributions are summarized in Table 4. The particle size distributions for
the aevosol did not differ significantly with exposure concentration. In the
Phase 1 effort for the repeated dose study, they were shown to be identical
for both gallium and arsenic. The overall average MMAD of the aerosol in the
developmental toxicity study was 1.1 pum with geometric standard deviation,

ranging between 2.0 and 2.1.

In order to determine the persistence of the chemical in the chamber
folloﬁing exposure, the concentration of gallium arsenide in the 75-mg/m3
chamber was monitored overnight following shutoff of the generation system.
Measurements were made with and without animzls present in the chamber. As
shown in Figure 8, the concentration of aerosol in the exposure chamber was
below 1% of the target concentration within 21 minutes and was below 0.1%

within 35 minutes.

The exposure ccncentration data and daily performance for each chamber

are presented in tabular and graphical form in Appendix C.
HEALTH AND SAFETY

Because gallium arsenide is insoluble in water, consideration was given
to containment during the conduct of exposures, exposure room entry
procedures, exposure chamber and room cleaning procedures, and solid waste
disposal. Engineering controls, safe work practices, and personal protective
device usage requirements were implemented to ensure maximal personnel
protection and minimal potential for the spread of gallium arsenide dust

throughout the work environment.



ANT.AL HUSBANDRY

. CD (Sprague-Dawley) rats (373 females; 105 males) were reccived in good
condition on 6/20/89 from Charles River Laboratories (Raleigh, NC). The
birthdate given for all rats was 4/25/89. Upon receipt the rats were housed
in room 530 of the LSL-II building for =4 weeks of quarantine prior to the
start of exposure. During the quarantine period males and females were housed
separately on stainless steel wire racks equipped with automatic waterers

(=5 rat.s per cage).

Swiss (CD-1l) mice (368 females; 87 males) were received in good
condition on 6/20/89 from Charles River Laboratories (Raleigh, NC). The
birthdate given for all mice was 5/1/89. Upon receipt the mice were housed in
room 530 of the LSL-II building for =4 weeks of quarantine prior toc the start
of exposure. During the quarantine period males and females were housed
separately on stainless steel wire racks equipped with automatic waterers

(=10 mice per cage).

Three weeks into the quarantine period 10 animals of each species were
randomly éelected for preexposure health screen. Health screen evaluations
included gross necropsy, histopathological evaluation of selected tissues, and
culture of a nasopharyngeal wash for aerobic bacterial pathogens. Serum from
each rat was tested at PNL for antibodies to Mycoplasma pulmonis, Sendai
virus, pneumonia virus of mice (PVM), rat coronavirus/sialodacryoadenitis
virus (RCV/SDAV), and Kilham rat virus/H-1 (KRV/H1) . Serum from each mouse
was tested at PNL for antibodies to Mycoplasma pulmonis, Sendai virus,
pneumonia virus of mice (PVM), mouse hepatitis virus (MHV) mouse
encephalomyelitis virus (GDVII) and minute virus of mice (MVM). (Appendix D).
Another check for antibodies to these viral pathogens was performed on serum
obtained from 10 females of each species at the final sacrifice. All health
screen results were negative for significant pathogens and lesions. During
the study period animals were observed daily for mortality, morbidity, and

clinical signs of toxicity.
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Rats were =14 weeks of age at the beginning of exposure, and mice were o
=13 weeks of age. Females which were not selected for this study were

discarded after the start of the first exposure.

Just prior to mating during the fourth week, the males were individually
caged in wire-bottom cages large enough to accommodate the placement of
2-4 females with each male. After mating, the animals were singly housed in
an exposure chamber with the doors open. On the morning of the first exposure
the rats and mice were moved to exposure room 404 of the LSL-II building and
were houséd continuouﬁly iﬁ the exposure chambers with the doors closed except

» during animal husbandry procedures.

Pelleted NIH-07 diet, manufactured by Ziegler Bros., Inc. (Gardners, PA)
was available from slot feeders at all times except during the daily éxposure
period when feed was removed. Food was discarded each day and new food was
added. Each milling of diet received was analyzed for contaminants by
Lancaster Laboratories, Inc. (Lancaster, PA). All feed utilized was in

compliance with NTP specifications.

Animal drinking water was supplied by the City of Richland municipal
system. The water was softened in PNL facilities and supplied to the animals
~ad libitum. Rooms were illuminated by fluorescent lights with a 12-hour

light, 12-hour dark, electrically operated cycle. Light started at 0600.

Airflow in the chambers was maintained by the vacuum in the central
chamber exhaust duct. Chamber airflow was measured by a multiplexed orifice-
meter system consisting of a calibrated orifice located in each chamber
exhaust, a Vélidyne Model DP-45 pressure transducer, a Validyne Model CD-18
carrier demodulator, and a Validyne Model PM-12 digital voltmeter. Airflow
was measured approximately every 3 hours throughout each 24-hour day. Each

flow orifice was calibrated prior to the start of the study to within 0.5 cfm.

Temperatures of the exposure chambers and the exposure room were
measured by resistance temperature detectors (RTDs). The RTDs were placed in
a representative location in each chamber (a top sample port on the back

side). Temperatures were automatically recorded at =3-hour intervals during
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each 24-hour day. RTDs were calibrated prior to the start of the study to
within 0.5°F of a certified mercury thermometer in a temperature-controlled

water bath.

Percent relative humidity (%RH) was measured using an EG&G Model 910
chilled-mirror dewpoint hygrometer located in the exposure suite control
center. Air from the exposure chambers was sampled from a representative
location (a top port on the back side). Sample air from a particular location
was routed by a 3-way valve multiplexing (MPX) system to either the exposure
system exhaust or the dewpoint hygrometer for RH deterﬁination. The MPX valve
- was controlled by either a manua; switch or by a computer-controlled relay.
This allowed RH to be measured m&nually or automatically by the exposure

system executive computer.

Percent RH was automatically recorded at regular intervals during the
24-hour day. Once the dewpoint had been determined by the hygrometer, the %RH
was automatically calculaﬁed by the exposure system executive computer using
the dewpoint value and the drybulb temperature (measured simultaneously at the
same location by the RTD system) by applying a form of the Antoine equation
for determination of saturation vapor pressure of water at a given

temperature.

Calibration of the dewpoint hygrometer was established prior to the
start of the study. The calibration procedure required comparison at three
RH levels (=30%, =50%, and =70%) of the %RH calculated by the monitor to
measurements made by a calibrated portable hygrometer and RTD located near the

chamber.

Summations of chamber temperature, %RH, and airflow, for the entire
study are shown in Tables 5 and 6. These tables include the mean, the
standard deviation (SD), mean expressed as a percentage of the target, the
percent relative standard deviation (%RSD=100 x SD/mean), the maximum and
minimum values, number of samples, and the percent of samples for which the
value was within the specified operating range. A summary of the daily

chamber environmental data and explanations of excursions of environmental
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data are provided in the exposure operation discussion sheets included in

Appendix C.

The mean temperature values in all chambers for the entire study were
between 74.7 and 76.1°F, all within the specified limits of 72 to 78°F. 1In no
case were more than 12% of the individual measurements in a single chamber out
of the specified range. Extremes of the individual measurements ranged from

71.4 to 80.0°F.

The mean values of %RH in all chambers for the entire study ranged
betweén 50.7 and 58.6% RH, all within the specified limits of 40 to 70%. 1In
no case were more than 4% of the individual measurements in a single chamber
out of the specified range. Extremes of the individual measurements ranged

from 38 to 71%.

The mean values of chamber airflow in all chambers for the entire study

were between 13.8 and 15.2 cfm (1 cfm = 1 air change per hour for the Hazelton

2000 chamber), all within the specified limits of 12 to 18 cfm. All (100%) of

the measurements we :e within the specified limits.
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This portion of the study was comprised of the following experimental

groups and numbers of animals:

: Number of
Number of - Exposure
» Rats . Concentrations Total
0 mg/m3 30 X 1 30
10 mg/m? 31 x 1 31
37 mg/m3 ‘ 30 x 1 30
75 mg/m3 30 x 1 30
'Virgin (Test Groups) 10 X 3 30
Virgins (Controls) 10 X 1 10
161
Number of
Number of Exposure
Mice Concentrations Total
0 mg/m3 ‘ 23 x 1 23
10 mg/m3 24 x 1 24
37 mg/m3 22 x 1 22
75 mg/m3 24 x 1 24
Virgin (Test Groups) 10 X 3 30
Virgins (Controls) 10 X 1 10
133

Female rats and mice were weighed and individually identified by tail
tattoos (AIMS®, Inc., Piscataway, NJ) 3 weeka after receipt. Weight data
were acqﬁired using the XYBION PATH/TOX System (XYBION, Medical Systems Corp.,
Cedar Knolls, NJ). Females were mated by caging 2 to 4 females overnight with
each male. A positive mating was established in rats on the following morning
by the presence of sperm in a vaginal lavage; if positive, this day was
designated as 0 days of gestation (dg). In mice the presence of a vaginal
plug indicated a positive mating. Positively mated females were weighed and
randomly assigned to one of four exposure groups using body weight as the
blocking variable. ‘Mating was conducted for three consecutive nights to
obtain 128 mated rats (=32/group), and 93 mated mice (=24/group)l. (roups

from each of the three nights of mating are referred to, when necessary, as

lppproximately 32 plug-positive mice/group were initially designated for this
study, but 27 mice were accidentally killed during transport to the exposure
room. The other mice were transported separately.

GALLIUM ARSENIDE DEVELOPMENTAL TOXICITY 21 December 1990



gestation group A, B, or C. ‘Following assignment to treatment groups the

.animals were individually caged in an exposure chamber with its doors open for

acclimation until the start of exposure on 4 dg. Individual animal numbers

and c¢age unit assignments are provided in Appendix F.

Positively mated and virgin female rats and mice were exposed to gallium
arsenide in whole-body exposure chambers at target concentrations of 0, 10,
37, and 75 mg/m’ for 6 hours + Tyy/day, 7 days/week. Rats were exposed for
16 consecutive days, on 4 through 19 dg. Mice were exposed for 14 consecutive
days, on 4 through 17 dg. Rats in gestation group A began exposure on
7/29/89, and groups B and C began on 7/30/89 and 7/31/89, respectively. Mice
in gestation group A begah exposure on 7/25/89, and groups B and C began on
7/26/89 and 7/27/89, respectively.

Virgins of each species,-10/species/group, were included to evaluate
whether or not the state of pregnancy affected the sensitivity of the animals

tc the toxic effects of inhaled gallium arsenide.

The highest target exposure chamber concentration, 75 mg/m® gallium
arsenide, was chosen based on the results of a 2-week range finding study
conducted at PNL, and the two lower concentrations were chosen to determine
the dose-response relationship of effects (if any) following gallium arsenide

inhalation.

Body welghts for mated female rats were acquired on 0, 4, 6, 10, 14, 17
and 20 dg. Body weights for mated female mice were acquired on 0, 4, 6, 9,
12, 15 and 18 dg. Virgin rats were weighed on exposure days 1, 3, 7, 11, 14,
and at sacrifice. Virgin mice were weighed on exposure days 1, 3, 6, 9, 12,
and at sacrifice. Animals were observed twice each day for signs of chemical

toxicity, moribundity, and mortality, 7 days per week.

Rats surviving to scheduled sacrifice were killed by inhalation of
~100% CO, on 20 dg (18 dg for mice) in the order of identification number.

Rats in gestation groups A, B, and C were killed on 8/14, 15, and 16/89,
respectively. Mice in gestation groups A, B, and C were killed in 8/8, 9, and

10/89, respectively. Animals were weighed and examined for gross tissue
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abnormalities; the maternal liver and kidneys were removed and welghed. The

. uterus was removed, weighed, and opened. The number, position, and status
(live, resorbed [early or late], or dead) of implants were recorded for each
gravid uterus. Placentas were examined and discarded unless abnormal in
appearance. Apparently non-gravid uteri from mated females were stained with
10% ammonium sulfide to detect possible implantation sites. Ovarlan corpora
lutea were counted for gravid females. Both ovaries from all females were
fixed in Bouin's solution for 24 h, then transferred to 70% ethanol and sent
to the NTP archives.

Live fetuses were weighed and examined for gross defects. After a
lethal injection of Nembutal® (sodium pentobarbital), their sex was
determined by internal examination of the gonads. Alternate live fetuses in
the uterus of each litter (50%) were examined for visceral defects by
dissection of fresh tissue (modified from the method of Staples 1974). The
first live fetus to be examined in a uterus, #1 or #2, was determined by a
coin-toss and the remainder chosen alternately from the first. The heads of
the fetuses not selected for visceral examination were removed and placed in

. Bouin's fixative. After fixation, the heads were serially sectioned with a
razor blade and examined for soft-tissue craniofacial abnormalities. All
fetal carcasses, with and without heads, were prepared for skeletal staining.
Cartilage as well as ossified bone was visualized by double-staining with
alcian blue and alizarin red S. The individual identity of each fetal

specimen was maintained throughout the study.

Virgins were weighed the day after their last exposure, killed, and
examined for gross tissue abnormalities. Liver and kidney weights were
obtained and the ovaries were fixed in Bouin's solution and sent to the NTP

archives.
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RISTRIBUTION STUDY DESIGN

This portion of the study was comprised of the following experimental

groups and numbers of animals:

Number of Exposure
‘ Sperm-Positive Rats Concentrations Total
Control 9 x 1 9
Test Groups 9 X 3 27

36

Positively mated female rats designated for the distribution study were
exposed to gallium arsenide in whole-body exposure chambers at target
concentrations of 0, 10, 37, and 75 mg/m® for 6 hours + Tgn/day, 7 days/week.
The rats were exposed for 16 consecutive days, on 4 through 19 dg, or through

the day proceeding their scheduled sacrifice.

Three females per group per time point were killed on 7, 14, and 20 dg.
Rats surviving to scheduled sacrifice were killed by inhalation of 100% CO; in
the order of increasing exposure concentration, controls first. Rats in the
7-, 14- and 20-dg groups were killed on 8/2, 9, and 15/89, respectively.
Animals were weighed and examined for grouss tissue abnormalities. A maternal
blood sample was collected via cardiac puncture %pd the gravid uterus was
removed. The "fetal" sample was an aliquot taken from a homogeneous mixture
of the entire uterine contents (excluding the uterine wall) for the 7-dg time
point, and from four homogenized fetuses per litter for the 14- and 20-dg
samples. All samples were labeled, frozen immediately, and stored until

analyses for gallium and arsenic. The following samples were analyzed:

Time Exposure Animals/ Elements/

Points Groups Group Group Total
Maternal Blood 3 x 4 X 3 X 2 72
Uterine Contents 3 x 4 X 3 X 2 72

144
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ANALYSIS OF TISSUE SAMPLES FOR GALLIUM AND ARSENIC

Sample Preparation. and Analysls

Weighed tissue samples ranging from approximately 0.1 to 2.0 g (wet
tissue weight) were placed in a closed, acid digestion vessel (Parr Bomb,
Model 4749, Parr Instrument Co., Moline, IL) and 1-3 ml of concentrated,
ultfapure, nitric acid was added. Each vessel was sealed and the contents
digested in a oven at.110-130°C for =3 h, After cooling, the bomb contents
were quantitatively transferred to a volumetric flask and diluted to the
appropriate volume with a final acid strength of ~2% HNO;. If necessary,
subsequent dilutions were performed to produce a solution with a final gallium

or arsenic concentration between 10 and 160 pg/1.

Samples were analyzed for gallium and arsenic using a Perkin-Elmer Model
5100 Atomic Absorption Spectrophotometer, with an HGA 600 Graphite Furnace
equipped with Zeeman effect background correction and Model AS-60 Autosampler.
For both gallium and arsenic analysis, the graphite furnace was equipped withl
graphite tubes fitted with a L’Vov platform constructed of pyrolytic carbon.
Sample matrix interferences were attenuated through sample dilution and the
addition of matrix modifier to the graphite furnace immediately prior to
analysis of each sample. See Append;x B for details.

Standards were analyzed first to generate a calibration curve followed
by analysis of samples. Standards were prepared from commercial spectrometric
standards at concentrati s of 10, 40, 100, and 160 Mg/l each of gallium and
arsenic in =~2% nitric acid solution. A check standard containing 100 Mg/l
each of gallium and arsenic was analyzed after calibration and after
approximately every five samples. The analyzed concentration of the check
standard was required to be within +10% of the known value or the instrument

was recalibrated. All samples and standards were analyzed in duplicate.

With a few notable exceptions, recoveries from most tissues were
generally in the range of 90-110% for gallium and arsenic. Recoveries for
gallium and arsenic from whole blood were acceptable, provided each of these

elements was present at a concentration of at least 1 Ug/g. However, when
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gallium and arsenic concentrations in blood were lower than approximately 1
Mg/g, recoveries were very low and precision was poor. Detalled data on

recoveries is presented in Appendix B.

The minimum detectable limit (MDL) was defined as the reagent blank
concentration plus three times the standard deviation of the blank., MDL
values were estimated f~. each element and tissue type and these values are

reported in Table 7.

The minimum quantifiable limit (MQL) was defined as the reagent blank
concentration plus ten tilmes the standard deviatior of the blank. The MQL for
tissue analyses was calculated by multiplying the solution quantitatiom limit
(4g/1) by the minimum sample solution volume (liters). MQL values were
estimated for each element and tissue type (Table 8).

DATA ANALYSES

Means and standard deviations for animal data were calculated with sas®
statlstical software on a VAX 11/780 computer. Mean fetal body weights, as
the mean of litter means, were analyzed using the SAS General Linear Models
(GLM) Procedure (SAS, 1985) with an analysis of variance (ANOVA) model for
unbalanced data. Response variables, either body weight or the arc sine
transformations of proportional incidence data, were analyzed against the
class variable, "treatment"™, in a one-way ANOVA model. A Tukey's t-test (two-
tailed) was used to assess statistically significant differences between
control and exposed groups. If appropriate, the dose-response relationship
was determined by means of an orthogonal trend'test on arc sine transformed
variables (Winer 1971). The litter was used as the basis for analysis of

fetal variables.
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RATA STORAGE

All residual animal tissues are stored in the LSL-~II building, room

1428, All raw data and the study report are stored in the LSL-II building,
rooms 1428 and 1229,

The duratlon of data storage will be in compliance with 21 CFR 58.195,

or until NTP requests transfer of the data, whichever ocours first,
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EAQULTS
EXRQ&HBE_GENEBAEAQNJAND_MQNIIQBING

Gallium arsenide chamber concentration uniformity data and particle size
were satisfactory. The mean test material concentratiornis for all exposure
chambers were between 100 and 105% of targets, with relative standard
deviations (%RSD) between 7 and 32% (Table 9). The acceptable limits for the
%RSD in this study were widened to $#20% from +10% due to the inherent
difficulty in generaﬁing high yet stable aerosol concentrations. The %RSD
value for the 37 mg/m? chamber fell ocutside the acceptable range because of
several brief excurslons in concentration. Accumulations of test material in
the distribution line and chamber inlet Air-Vac® pumps cccasionally broke
loose and caused brief spikes in the chamber concentration. The duration of
these spikes was usuially quite short, but their magnitude was sufficient to
skew the %RSD beyond the acceptable limits. Despite this, it is important to
note that in no case were more than 6% of the concentration measurements in

any single chamber out of range.

REVELOPMENTAL TOXICIWNY: RATS

There were no ¢(leaths among exposed rats (Table 10). Many females in the
37- and 75-mg/m? gallium arsenide exposed groups exhibited dyspnea during the
later portion of the exposure period; the incidence, duration and severity
were related to exposure concentration. Approximately one-third of the
animals in the 37-mg/m® group, but none in the 75-mg/m3 group, were observed
to be hyperactive during the middle portion of the exposure period. Some
nasal discharge was noted in all exposed groups at various times during the
course of exposure. Clinical signs did not differ significantly between mated

and virgin female rats.

The predominant gross lesion observed in rats in the 37- and 75-mg/m3
exposed groups at sacrifice was grey mottled lungs (27/30 and 28/30,

respectively), while most animals in the 10-mg/m3 group had red mottled lungs
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(24/31)., No other treatment-related lesions were observed. Gross lesions ‘

observed in virgin rats were similar to those seen in the mated females.

There were no effecta on maternal body welght, on adjusted maternal
welght gain?, or on the body welghts of virgin rats as a result of exposure to
the concentrations of gallium arsenide used in this study (Tables 11 and 12).
The mean uterine welght of pregnant rats was not significantly affected by
exposure to gallium arsenide, and there were no treatment-related effects on
mean maternal or virgin liver and kidney weights, or on the respective organ

to body weight ratios. Individual weight records are presented in Appendix E.

The overall pregnancy rate in rats was 89% and did not differ
significantly among treatment groups (Table 13). Exposure to gallium
arsenide, which began on 4 dg (prior to implantation), had no effect on the
nunber of corpora lutea, implantations, live fetuses, or resorptions per dam.
However, the mean body weight in female rat fetuses was significantly reduced
in the 37- and 75-mg/m? exposure groups, and in male fetuses in the 75-mg/m?
group (Table 14). There were also slight reductions (not statistically
significant) in the fetal weights of rats of both sexes in the lowest exposure ‘
group (10 mg/m3), and for male fetuses in the 3’7—mg/m3 group. Thus, there was
a significant trend-effect on fetal welght versus increasing exposure
concentration. There were no treatment-related effects on fetal liver weights
or on fetal liver-to-body-weight ratlios. The sex ratic of the fetuses
represented as the mean percent of male fetuses per litter was unaffected by
gallium arsenide exposure (Table 14). Reproductive measures for individual

animals are presented in Appendix E.

Neither the types nor the incidence of malformations in rat fetuses were
significantly affected by gestational exposure to gallium arsenide (Tables 15
and 16). However, the incidence of reduced ossification of the sternebrae
(classified as a variation) was increased in an exposure-related fashion

(Table 17), and was statistically significant for the 37- and 75-mg/m3 groups.

2pdjusted maternal weight gain = terminal body weight - uterine weight - 0-dg
body welght.
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There was also an increase in the incidence of incompletely ossified vertebral
centra, but it was not statistically significant. The increase in incidences
of these two sites of reduced ossification accounted the treaiment-related
increase in total variations. Other sites examined for reduced ossifications
included the skull, phalanges, and vertebrae; the degree of skeletal

ossification in these areas appeared normal for gestational age.

DEVELOPMENTAL TOXICITY: MICE

The 37- and 75-m3/r3 exposure concentrations were quite toxic to the
female mice. In the 75-mg/m3 group 8/10 virgins and 8/24 plug-positive
females were either found dead or moribund; in the 37-mg/m?® group deaths were

8/10 and 5/22, respectively (Table 18).

Approximately one-half of the female mice in the 10- and 37-mg/m3
gatlium arsenide groups, and all mice in the 75-mg/m3 group, exhibited dyspnea
during some portion of the exposure period; the incidence, duration and
severity were related to exposure concentration. Some mice in all exposed
groups were reported as being hypoactive during the middle portion of the
exposure period. Clinical signs in virgin mice were similar to those in mated

females.

The predominant gross lesion observed at sacrifice in the 37- and
75-mg/m? exposed groups was grey and/or mottled lungs (17/17 and 15/16,
respectively). Only two females in the 10-mg/m® group were found to have grey
mottled lungs, all others in this group were normal. Lesions observed in
virgin mice were similar to, but less frequent than, those found in positively

mated females.

Maternal body weights and cumulative weight gains for plug-positive mice
in the 37- and 75-mg/m’ groups were significantly less than control dams on 9

through 15 dg; however, by 18 dg only the 75-mg/m3 group weiched significantly
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less than controls (Table 19 and Figure 9). Adjusted maternal weight gain’ in
mice was significantly less than controls for the 75-mg/m3 group and showed a
significant, decreasing trend with increasing exposure concentration. There
were no significant differences in body weight among exposure groups for the
virgin mice. The mean uterine weight of pregnant female mice in the 75-mg/m>
‘exposuré group was significantly decreased by exposure to gallium arsenide,
and there was a significant trend effect between a reduction in uterine weight
and increasing exposure concentration. There was no effect of treatment on
mean maternal liver and kidney weights or 6n the kidney to body weight ratios:
however, the liver-to-body-weight ratio fcr the 75-mg/m? group was
significantly greater than the control group. The mean liver weight for
virgin mice in the 75-mg/m? group was significantly greater than for the
control animals, but the organ to body weight ratio was not significantly
‘increased>(Table 20) . Kidney weights and kidney to body‘weight ratios for the
virgin mice were unaffected. 1Individual organ weights are presented in

Appendix E.

The overall pregnancy rate in mice was 87% and was not significantly
different among treatment groups (Table 21). Exposure to gallium arsenide
which began on 4 dg (prior to implantation) had no effect on the number of
impl- tions. The significantly reduced corpura lutea count in the 75-mg/m3
group is due to the presence of 7 litters with 100% early resorptions. 1In
these litters the pregnancy was not maintained long enough to allow the
corpura lutea to Jdevelop. The number and percent of resorptions per litter
were significantly increased in the 75-mg/m3 group, and the number of live
fetuses per litter for that group was significantly decreased. An increase in
the incidence of early resorptions was significantly correlated with
increasing exposure concentration as was the incidence of litters having 100%
resorbed fetuses. There were no littérs with 100% resorbed fetuses in the
control group for this study or for other recently conducted studies using

CD-1 mice in this laboratory.

3Adjusted maternal weight gain = terminal body weight - uterine weight - 0-dg
body weight.
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The mean fetal body weights for mice were significantly reduced in the
37- and 75-mg/m? exposure groups in both sexes (Table 22). There was also‘a
slight, but not significant reduétion in fetal weight for both sexes in the
lowest exposure group which resulted in a statistically significant trend-
effect on fetal weight versus increasing exposure concentration. There was no
effect of treatment on the sex ratio of the mouse fetuses when represented as
the mean percent of male fetuses per litter (Table 22). Reprqductive measures

for individual animals are presented in Appendix E.

In mice, values for the total number of fetal malformations per exposure
group, the proportion of litters with malformations, or the mean incidence of
total malformations were not significantly greater than controls_following
gestational exposure to gallium‘arsenide; however, all of these values
increased with increasing exposure concentration (Tables 23 and 24).
Furthermore, there were several malformations observed in exposed groups which
were not present in the controls; cleft palate, encephalocéle, and several
vertebral defects. The vertebral defects, the incidence of which was
significantly correlated to increasing exposure concentration, included
missing or extra vertebrae, fused vertebral arches, and misshapen atlases or
centra. When raw numbers were subjected to Chi-square analyses the number of
fetuses with cleft palate or vertebral defects in the 75-mg/m3 group was
significantly greater than in the control group. This was also true for the
number of litters containing fetuses with vertebral defects. Analysis of
percent incidence data by ANOVA following arc sine transformation did not
demonstrate statistical significance, but there is a dlear treatment-related

increase in the mean incidence of these malformations.

Similar statistical analyses of the data f>r fetal variations indicated
significance in the 37- and 75-mg/m3 groups relative to the control group for

misaligned sternebrae, sternebral defects?, and reduced ossification of the

1 variations classified as sternebral defects include misshapen sternebrae or
sternebral cartilage and ossification sites between the sternebrae.
Variations classified as rib defects include fused or branched rib cartilage,
and fused ribs.
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sternebrae (Tables 24 and 25). The incidence of each of these sternebral
variations was significantly correlated to exposure concentration. The mean
incidence of total variations per litter also increased in a treatment-related
fashion; however, the increases did not achieve statistical significance.
Other sites examined for reduced ossifications included the skuil, phalanges,
and vertebrae; the degree of skeletal ossification in these areas appeared

normal for gestational age.

DISTRIBUTION STUDY

Maternal blood concentrations of arsenic in the rat increased with
increasing exposure concentration, and over the course of exposure within each
exposure group with the exception of the 37 mg/m3 group (Figure 10). Arsenic
blo.d levels in this later group did not appear to increase between 14 and
20 dg; however, since the standard deviation for the 20-dg time point was
greater than that for any other value the absence of a significant increase

may be due to the greater variability in this group.

Arsenic levels in the 7-dg conceptus were below the limits of
detectability for all groups, but by 14 dg arsenic was detectable in the 37-
and 75-mg/m3 groups. Concentrations in the conceptus continued to increase
with advancing gestation, and by 20 dg arsenic was detectable in all exposed
groups, but not in the controls. Although arsenic concentrations in the
conceptus were well above the limits of detectability near the end of
gestation, they remained nearly 100-fold lower than the levels found in

maternal blood for all exposed groups.

Analyses of maternal rat blood and the conceptus for gallium showed a
very different situation from that found for arsenic (Figure 11). Levels of
gallium in the maternal blood for the 75-mg/m3 group never exceeded 0.6 WHg/g,
while arsenic levels reached approximately 170 Hg/g; thus, gallium levels were
approximately 300-fold less than the arsenic levels. Furthermore, the
increase in maternal blood gallium concentrations between the 37- and 75-mg/m>

exposure groups was not proportional to the increase in exposure
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concentrations. Fetal tissue on the other hand had gallium concentrations
greater than those found in maternal blood for all exposed groups on both 14
and 20 dg. However, as was true for the maternal blood, the increase in fetal

gallium concentration between the 37~ and 75-mg/m3 groups was not proportional

- to the differences in exposure concentration.
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DISCUSSION

Gallium arsenide was administered to positively mated CD (Sprague-
Dawley) rats and CD-1 (Swiss) mice at target concentrations of 0, 10, 37, and
75 mg/m3 on 4 through 19 days of gestation (dg). Actual mean gallium arsenide
concentrations achieved were between 100 and 10"'n of the target
éoncentrations. Inhalation parameters for chamber temperature, relative

humidity, and airflow were all within acceptable ranges.

In rats, the hyperactivity noted following exposure in the 37-mg/m3
group was transienﬁ and probably not of great biological significance. This
is further indicated by the fact that there was no reduction in either
maternal body weight or the adjusted maternal body weight gain following
gestational exposure to gallium arsenide. The presence of grey and mottled
lungs in the 37- and 75-mg/m3 groups accounts for the dyspnea observed in
these groups during the latter part of the exposure period. Based on
histopathological results from rats in the subchronic study on gallium
arsenide the grey substance in the lungs is gallium arsenide. The red and
mottled nature of the maternal lungs in the 10-mg/m3 group is likely a result
of the CO; asphyxiation. 1In the absence of an exposure-related decrease in
adjusted maternal weight gain it is difficult to assess the degree to which

this pulmonary toxicity may have affected fetal development.

No embryolethalicy resﬁlted from gestational exposure to gallium
arsenide particles, although a slight‘fetal growth retardation which was
correlated to increasing exposure concentratiqn, was present in fetal rats of
both sexes. The growth retardation was indicated from 1eductions in fetal
body weight and increases in the incidence of incompletf.ely ossified
sternebrae, both of which became significant at the 37-mg/m> exposure
concentration. The presence of growth retardation is further substantiated

when the fetal body weights and the incidence of incompletely ossified
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sternebrae for the exposed groups are compared to respective values in the
contemporary control data (Tables 26 and 27). There may also have been a
treatment-related increase in the incidence of incompletely ossified vertebral
centra since the incidence of this variation in the control group for this

study‘is larger than in the contemporary control data.

The evid nt lack of embryotoxicity or severe fetotoxicity in the rat
following gestational exposure to gallium arsenide was somewhat surprising in
‘1ight of the results of the analysis of maternal bhlood for arsenic and
gallium. Although the gallium levels were quite low at all times, arsenic
levels in maternal blood exceeded 150 WUg/g in the 75-mg/m? exposure group by
20 dg, the last day of exposure. These levels are about 240-fold greater than
the blood level of arsenic that would be expected to cause developmental
toxicity in the rat (Hanlon and Ferm 1986). Fetal levels of arsenic on the
other hand remained low throughout the study and were never greater than

2.7 ug/g.

The teratogenic sensitiviﬁy of rats and hamsters to arsenate following
i.p. injection appears to be similar. Ferm (1977) and Beaudoin (1974)
reported the induction of developmental effects in hamsters and rats,
respectively, following an i.p. injection of 20-30 mg/kg on 8 or 9 dg.
Therefore, it may be expected that an arsenic blood level in the neighborhood
of 0.63 pg/ml would have some teratogenic activity in the rat since this blood
level was shown to be teratogenic in hamsters (Hanlon and Ferm 1986).
However, in this study on gallium arsenide maternal blood levels as high as
55 Mg arsenic/ml on 7 dg, rising to over 150 pg/ml by 20 dg, did not appear to
have significant teratogenic activity. Clearly, the chemical species of the
arsenic and/or its route of administration must be highly significant in
determining its potential for developmental toxicity. Hood et al. (1987),
working with mice, showed that the‘route of administration (i.p. versus oral
[p.o.]) had a definite effect on the maximum arsenic concentration achieved in
the maternal blood and the fetus, as well‘as an effect on the time required to
achieve the maximum concentration, but that the degree of metabolism was not
significantly affected. Blood arsenic levels were much greater following i.p.

administration than they vere when arsenic was given p.o. These results
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corroborated an earlier report (Hood et al. 1978) where it was shown that the
effect on the conceptus was greater at lower doses when arsenate was

administered i.p. rather than p.o.

One of the primary routes of detoxification of inorganic arsenic is
methylation. Methylated forms of arsenic do not possess nearly the potential
to cause developmental toxicity in pregnant hamsters as do the unmethylated
forms, e.g. arsenite and arsenate (Hbod et al. 1982). In fact the doses of
methylated forms of arsenic required to induce developmental toxicity exceed
by 100-fold the doses of lnorganic arsenic required to cause a teratogenic
response in mice and hamsters (Harrison et al. 1980). Rats2 have been shown to
be capable of methylating inorganic arsenic compounds and furthermeore, to
retailn very high levels of tightly bound arsenic in their blood (Odanaka et
al. 1980). Odanéka et al. (1980) showed that rats retained a greater
proportion of an administered dose of arsenic than did mice and rabbits,
approximately 44% of the arsenic dose remained in the rat blood. More than
98% of this residual arsenic was in « dimethylated form. The residual arsenic
concentrations in similarly treated mice and hamsters were at too low a
concentration to allow identification of the chemical species. The proportion
of arsenic excreted in the urine of the rat in its dimethylated form was much
lower than for the other two species, thus it is possible that the
dimethylated arsenic is the form with the greatest affinity for the red blood

cells.

In another study designed to assess differences in the metabolism of
arsenic between mice and rats as well as to compare the in vitro binding
capacities of arsenic in the blood of mice and rats, Vahter (1981)
administered arsenic as 'YAs(III) or "YAs(V) in single 0.4 mg/kg oral doses.
The elimination rate of arsenic, as well as the degree of methwlation, was
lower in rats that in the mice. However, this 1is in contrast to results of
Odanaka et al. (1980) who showed that the methylation rate between the two
species was similar following an oral dose of 5 mg/kg, but that the methylated
arsenic species formed in the rats was tightly Eound to the intracellular
protein of the erythrocytes. Differences in the results of these two studies

may be attributed to the differences in dose levels, 0.4 vs. 5 mg/kg.
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Although the metabolism of gallium arsenide in mice and rats, has not
been widely studied, Rosner and Carter (1987) reported a study in which Syrian
golden hamsters were dosed intratracheally with 5 mg/kg arsenic as gallium
arsenide, sodium arsenate, or sodium arsenite. The hamaters were killed at 1,
2, and 4 days after dosing, and arsenic levels in the urine, kidneys, liver,
lungs, urine, and feces were measured. Arsenic from all three compounds was
absorbed from the lung within 24 h; however, blood levels were greater in the
animals treated with arsenite or arsenate than in those dosed with gallium
arsenide. Dimethylarsinic acid was the major urinary metabolite for all three
arsenic compounds. The ratios of this metabolite to the other arsenioc
metabolites (As[III], As[V1, monomethylarsonic acid, and an unknown compound)
were approximately the same for arsenite, arsenate, and arsenide except at 1
day posttreatment whefe the the ratio of dimethylarsinic acid to the others
was greatest for gallium arsenide. Thus, arsenic from gallium arsenide was
metabolized to the same metabolites as were found for arsenite and arsenate.
Dimethylated arsenic has also been shown to be the predominant human
metabolite of arsenic (Braman and Foreback, 1973; Crecelius 1977; Buchet et
al. 1980).

By taking the preceding results into account it may be hypothesized that
the high levels of arsenic in the rat blood are essentially not biologically
available, thus the lack of developmental toxicity in the rat. This is
further supported by the extremely low levels of arsenic that we found in the
uterine contents and fetuses in this study. It is probable that the uptake of
arsenic from gallium arsenide inhalation exposure occurs at a relatively slow,
but constant rate which allows for nearly complete methylation of all arsenic
absorbed by the dam. These methylated arsenic specles may then be tightly
bound to the hemoglobin in the erythrocytes where they remain for long periods

of time, but are not avallable for placental transfer.

Although neither maternal mouse blood nor the fetus was analyzed for
arsenic and gallium, it may be assumed that the tissue arsenic levels were
quite low. The situation in the mouse, which also rapidly metabolizes
arsenic to methylated species, is somewhat different than that in the rat.

Arsenic in the mouse is not tightly bound to the hemoglobin and is more
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rapidly excreted. However, since placental transfer of inorganic arsenic
species has been shown to be rapid in the mouse (Hood et al. 1987; 1988), it
is likely that sufficilent arsenic concentrations were available to the fetus

to cause the observed developmental toxicity.

Based on dilstribution and elimination studies with gallium nitrate
(Newman et al. 1Y79), gallium distribution and excretion appear to be rapid.
Our results which show low concentrations of gallium in both maternal rat
blood and the fetus and are consistent with a rapid distribution and

elimination of gallium, and/or poor absorption,
MICE: .

Pregnant mice were much more sensitive to the toxic effects of gallium
arsenide than the rats., Maternal deaths in mice occurred in both the 37- and
75-mg/m3 exposure groups; however, maternal body weights of survivors were
significantly decreased for only the 75-mg/m3 group. The presence of dyspnea
and hypoactivity in at least some of the pregnant mice in all exposed groups
indicated that there may have been some effect of gallium arsenlde exposure on
maternal health at the 10-mg/m? concentration. This was further supported by
the grey mottled appearance of the maternal lungs, the severity and incidence
of which was treatment-related; only two animals in the 10-mg/m3? group had
grey mottled lungs. However, the lack of any effect on maternal body weight
or on adjusted maternal weight gain in the 10-mg/m? group makes it difficult
to assess the degree to which the pulmonary toxicity may have affected the

pregnancy.

The embryolethality evident in the 75-mg/m? group as a statistically
significant reduction in the number of live fetuses per litter may have been
caused by the severe maternal tcxicity present at this exposure concentration.
Although the lower exposure groups were not significantly affected, there was
a statistically significant trend effect in the incidence of intrauterine
death with increasing expesure concentration, Even’at the lowest exposure
concentration the incidence of intrauterine death was more than double that

for the control group for this study as well as for the contemporary control
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group (Table 28). The mean percent resorptions per litter In the contemporary ‘
control data was 5.,8%£7.0% (n=184 litters) and that for the control group in
this study was 6.647.1%,

Fetal body weights for mice were reduced in all exposed groups with the
reduction becoming stat.stically significant at the 37-mg/m? exposure
concentration. The reduction in fetal body weight was accompanied by an
exposure correlated increase in the inoidence of sternebral defects and
incompletely ossified sternebrae, Although not statistically‘significant,
there was an apparent effect on both the fetal weight and the incidence of
these variations at the 10-mg/m3 exposure concentration. The fetal body
weight was 5 and 6% less than controls for male and female fetuses,
respectively, and the incidence of sternebral defects and lncompletely
oséified sternebrae was more than double that of the control group. The fetal
body welghts were similarly reduced relative to values for the contemporary
controls, and the incidence of these variations was similarly increased above
the contemporary control incidence; sternebral defects - 0.342.0%, and

incompletely ossified sternebrae - 3.2t6.2% (Table 29). Thus, gestational

exposure to gallium arsenide at these exposure concentrations appears to
result in treatment-correlated fetal growth retardation. Since thils occurs in
the presence of apparent maternal pulmonary toxicity, but in the absence of a
reduction in maternal weight gain at 10 mg/m?, it is difficult to assess

whether or not there i1s selective developmental toxicity.

The statistical significance of the increase in the incidence of fetal
malformations in mice for any gallium arsenide exposed group i3 questiomnable,
but several malfnrmations were present in the exposed groups which were not
present in the control group. A few of these malformations are relatively
rare in this strain of mice, e.g. encephaloceles and missing or misshapen
vertebrae. There is no previous occurrence of vertebral malformations in
Swiss mice in the contemporary control data from this laboratory, and only one
control fetus was found with an encephalocele (Table 30). Interestingly,
these two malformations have previously been reported to occur as a result of

gestational exposure of mice to arsenic compounds (Hood and Bishop 1972).
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CONCLUSIONS

In conclusion, gesﬁational exposure of Sprague-Dawley rats to gallium
arsenlde resulted .n maternal toxicity as evidenced by apparent pulmonary
toxicity at 37 and 75-mg/m3, However, developmental toxicity in the form of
concentration~related growth retardation evidenced as reduced fetal body
welght and an increased incidence of fetal variations was present at the
loweat exposure concentration, 10 mg/m3, and became statistically significant
at the next highest concentration, 37 mg/m?. There was no evidence of
embryotoxicity or frank teratogenicity. The maternal NOAEL for inhaled
gallium arsenide in rats was 10-mg/m3, The NOAEL for developmental toxicity
was 10 mg/m? if determined solely on the basis of adverse effects achieving
statistical significance; however, nonsignificant indications of developmental

toxicity were present at this exposure concentratilon.

Determination of gallium and arsenic concentrations in maternal blood
and in the uterine contents of rats showed that arsenic concentration in the
maternal blood achieved significant levels, increased with exposure
concentration, and over the course of exposures. Arsenic concentrations in
the developing fetus were elevated above controls in a concentration-related
fashion, but were far exceeded by maternal blood concentrations. The excess
arsenic in the maternal blood was probably tightly bound to hemoglobin in the
erythrocytes, and thus was not available for placental transfer, Gallium
concentrations were low in both the maternal blood and in the conceptus, but
were elevated above controls in the highest exposure group. The concentration

of gallium in the 20 dg fetus was greater than in maternal blood.

Swiss (CD-1) mice were much more sensitive to the effects of gallium
arsenide than were the rats. The two highest exposure concentrations were
lethal to some pregnant animals, and body weights and body weight gains were
reduced in survivors of both of these groups. A NOAEL for maternal toxicity
in mice was not achleved in this study. Developmental toxicity was evident in
all three exposed groups, and became statistically significant at the 37-mg/m?

exposure concentration. There were signs of embryolethality, fetal growth
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retardation, and a slight, but not significant, increase in the incldence of
fetal malformations. A NOAEL for developmental toxloity was not achieved for
mice in this study.
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TABLE 1. Fetal Abnormalities Induced by Arsenate.

' Hamstersl

Mice?

Rats3

Exencephaly
Rib malformations
Renal agenesis

Rib malformations
Vertebral defects
Exencephaly .
Short jaw, protruding

- Vertebral defects

Renal agenesis
Rib malformations

Other urogenital Anophthalmia

abnormalities tongue Gonadal agenesis
Cleft lip and palate Hydrocephalus Exencephaly
Anophthalmia Exophthalmia

lFrerm et al. 1971.
2Hood and Bishop 1972.
3Beaudoin 1974.

TABLE 2. Gallium Arsenide Inhalation Developmental Toxicity
Study: Summary of Te® and T;o Data.
' Target Conc. 1,0 [min] Typ [min])

(mg/m3) Prestart Poststart Prestart Poststart
1 9 15 13 7
10 12 11 10 10
37 14 12 10 9
75 14 12 9 7

a A value of 12 minutes was used for Ty for the study.
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IABLE 3. Gallium Arsenide Inhalation Developmental Toxicity Study:
Summary of Chamber Uniformity Data (On-line Measurements

Only) .

Target Conc. TPV [%RSD] WPV [%RSD] BPV [%RSD]
(mg/m3) Prestart Poststart Prestart Poststart Prestart Poststart
1 1.1 - 2.5 1.1 4.7 0.4 -=—a
10 1.2 1.0 0.7 0.7 0.9 0.7
37 2.2 3.4 1.4 4.1 1.8 -

75 0.7 2.2 0.4 2.3 0.6 -
TPV = Total Port Variation. Acceptable limit € 7% RSD.
WPV = Within Port Variation. Acceptable limit € 5% RSD

BPV = Between Port Variation. Acceptable limit £ 5% RSD.
2 When the WPV is greater than the TPV, the BPV is very small and it
cannot be resolved from the WPV.

TABLE 4. Gallium Arseinide Inhalation Developmental Toxicity Study:
‘ Aerodynamic Particle Size Data for All Exposure Chambers.
(Chambers were sampled with Mercer-style impactors and the values
were derived from probit analysis of the data.)

Target Conc.

(mg/m?) MMAD [pm) GSD
1 0.8 2.1
10 1.1 2.0
37 1.2 2,0
75 1.3 2.0
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. TABLE 3. Gallium Arsenide Inhalation Developmental Toxicity Study:
Summation of Chamber Environmental Data for Rats.

¢

TEMPERATURE (°F)?2

Target Number Percent
Concentraton Percent of Number of Samples of Samples
(mg/m3) MeantSD Target:%RSD Maximum Minimum Samples In Range In Range
Room 70.0£2.5 9714 74.7 . 63.4 146 91 62
0 75.6x1.4 101+2 78.2 71.7 136 134 98
10 75.3+4¢1.5 100+2 78.3 71.5 136 130 96
37 75.7+1.7 10142 80.0 71.4 138 122 88
_15 74.911.6 10012 78.7 71.7 129 123 95

apcceptable Range = 72 to 78°F for the exposure chambers and 69 to 75°F for

the exposure room.

RELATIVE HUMIDITY (%RH)P

Target Number Percent
Concentraton Percent of Number of Samples of Samples
(mg/m3) Mean#SD Target+$%RSD Maximum = Minimum Samples In Range In Raage
0 58.6£5.0 10619 69 45 139 139 100
10 57.945.2 10549 71 48 141 140 99
37 56.917.1 103112 68 39 141 138 98
75 55.347.4 10013 66 38 . 141 138 98
bacceptable Range = 40 to 70%.
AIRFLOW (CFM)E€©
Target Number Percent
Concentraton Percent of Number of Samples of Samples
(mg/m3) MeantSD Target+%RSD Maximum Minimum Samples In Range In Range
0 15.240.7 10144 16.2 13.6 152 152 100
10 14.440.5 9614 16.0 13.4 153 153 100
37 13.810.7 9215 16.3 12.3 154 154 100
75 14,2+0.8 9515 17.0 12.7 154 154 100

CAcceptuble Range

= 12 to 18 CFM.
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TARLE 6.

Summation of Chamber Environmental Data for Mice.

Gallium Arsenide Inhalation Developmental Toxicity Study.

TEMPERATURE (°F)?@

Target Number of Percent
Concentration Percent of Number of Samples of Samples
(mg/m3) MeantSD Target+%RSD Maximum Minimum Samples In Range In Range
Room 71.0+3.1 9914 78.2 63.4 176 103 58

0 75.611.3 10142 78.2 71.7 166 163 98

1 76.1+1.1 10141 78.8 73.2 81 77 95

10 75.0+1.6 10042 78.3 71.5 166 160 96

37 75.341.8 10042 80.0 71.4 168 150 89

75 74.7+1.6 10042 78.7 71.7 157 151 96
2Acceptable Range = 72 to 78°F for the exposure chambers and 69 to 75°F for
the exposure room.

RELATIVE HUMIDITY (%RH)P

Target Number of Percent
Concentration Percent of Number of Samples of Samples
(mg/m3) MeantSD Targeti$RSD Maximum Minimum Samples In Range In Range

0 57.04£5.9 104410 69 42 169 169 100

1 50.7¢4.2 9218 62 42 84 84 100

10 58.1+4.9 10648 71 48 170 169 99

37 56.3t7.4 102413 68 39 171 166 97

75 55.4+47.8 101414 68 38 171 165 96
bacceptable Range = 40 to 70%.

AIRFLOW (CFM)¢

Target Number of Percent
Concentration Percent of Number of Samnles of Samples
(mg/m3) MeantSD Targeti%RSD Maximum Minimum Samples In Range . In Range

0 15.210.7 10145 16.2 13.6 182 182 100

1 14.5£0.7 9615 16.1 12.9 92 92 100
10 14.440.5 9614 16.0 13.3 183 183 100
37 13.840.7 925 16.3 12.3 184 184 100
75 14.,24+0.8 9545 17.0 2.7 184 184 100

CAcceptable Range = 12 to 18 CFM.
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TABLE 7. Gallium Arsenide Inhalation Developmental Toxicity Study: Minimum
Detectable Limits (MDL) for Gallium,

Arsenic and Zinc.

Tissue Type ‘ MDL Ga (ug) MDL As (ug) MDL 2n (Ug)
Female Rat/Whole Blood 0.06 1.26 --a

Male Rat/Whole Blood 0.05 0.52 ~--a
Rat/Fetal Tissue 0.06 0.01 --2a
Rat/Uterine Contents 0.43 0.47 -=a

Rat and Mouse/Testes 0.10 0.15 0.25

4 zinc was only measured in testes.

TABLE 8. Gallium Arsenide Inhalation Developmental Toxicity Study: Minimum
Quantifiable Limits (MQL) for Gallium, Arsenic and Zinc.

Tissue Type _MOL Ga_(H4g) MOL As (Ug) MOL Zn (Ug)
Female Rat/Whole Blood 0.20 4.22 ~-a

. Male Rat/Whole Blcod 0.15 1.66 --a
Rat/Fetal Tissue 0.2 0.02 -=-a
Rat/Uterine Contents 1.22 1.48 --a
Rat and Mouse/Testes 0.29 0.45 0.97

a2 7inc was only measured in testes,.
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IABLE 9. Gallium Arsenide Inhalation Developmental Toxicity Study:
Summation of Exposure Concentration Data.

RATS
Target Number Percent
Conc. Percent of Number of Samples of Samples
(mg/m3)2 MeantSD Target+$RSD Maximum Minimum Samples In Range In Range
Room®  0.029:0.018 — 0.180 0.001 . 287 _ R
oc 0.010£0.003¢ — 0.024 0.0 287 —_— —
10 10.2:0.74 10247 15.1 8.7 185 182 98
37 38.8:12.3 105432 166 28.8 186 175 94
75 75.6£6.72 10149 105 60.4 185 180 97
MICE
Target Number of Percent
Conc. Percent of Number of Samples of Samples
(mg/m3)2 Mean:SD Target+}RSD Maximum Minimum Samples In Range In Range
RoomP  0.028:0.018 — 0.180 0.001 336 —_ —
oc 0.009:0.0034d — 0.024 0.0 336 —_ —
1 1,0£0.09 10019 1.5 0.86 119 117 98
10 10.1+0.74 1027 15.1 8.3 224 220 98
37 38.3:11.3 104130 166 25.9 225 211 94
75 . 75.34¢6.53 10019 105 60.4 224 219 98

Acceptable Range = Target * 20%.

The MDL for the RAM monitoring the exposure room was 0.013 mg/m3,

The MDL for the RAM monitoring the control chamber was 0.006 mg/m’.

The MDL for the RAM menitoring the control chamber was determined to be
0.006 mg/m3 prior to the exposures. During the study, however, the zero
offset for the instrument drifted on several occasions, resulting in values
above the MDL. The absence of gallium arsenide aerosol had been verified by
filter sample analysis. Therefore we believe the value of 0.009 mg/m® to be
congistent with wvalues <MDL.

a oo o
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TABLE 10. Gallium Arsenide Inhalation Developmental Toxicity Study: Female
Rat Disposition.

Target

Gallium Arsenide

Conc. Treatment Mated Scheduled
(mg/m3) Group Virgins Mated Distribution Removed Sacrifice
0 1 10 30 9 0 49

10 2 10 31 9 0 50

37 3 10 31 9 14 49

75 4 10 30 9 0 49

24Animal removed from study due to bad teeth.

TABLE 11. Gallium Arsenide Inhalation Developmental Toxicity Study: Mean
Body, Uterine, Adjusted Maternal Gain? and Organ Weights of
Pregnant Developmental Toxicology Rats (g t SD).
Target
Gallium Arsenide
Concentration (mq/m3) 0 10 37 75
N 25 27 28 28
Body Weight
0 dg 286.1 £ 19.3 286.3 £ 18.7 286.1 £ 18.3 284.0 * 16.3
4 dg 313.2 + 21.3 313.1 £ 22.3 311.8 + 18.3 313.5 * 19.4
6 dg 316.3 £ 22.6 316.1 + 23.2 317.3 £ 19.9 317.8 * 19.1
10 dg 332.6 £ 23.0 329.2 £ 26.5 331.9 £ 22.3 331.5 % 20.4
14 dg 353.2 = 25.9 353.7 £ 26.1 355.3 + 22.2 351.9 % 23.0
17 dg 380.4 = 27.2 378.3 + 30.5 382.7 + 24.7 377.6 t 27.2
20 dg 420.9 £ 35.4 419.8 * 39.5 427.1 + 26.9 419.5 % 33.0
Adjusted Maternal
Gain? 54.7 £ 20.1 54,3 £ 19.4 61.6 £ 11.6 63.1 * 18.5
Uterine 80.1 + 18.0 79.3 + 18.3 79.4 £ 12.3 72.4 t 23.3
Liver 17.3 £ 2.1 17.5 £ 1.8 17.8 £ 1.8 17.5 £ 2.0
Percent LBWRP 4.11 * 0.30 4.18 * 0.33 4.17 £ 0.29 4.18 £ 0.29
Kidney 2.32 £ 0.21 2.34 £ 0.23 2.37 £ 0.21 2.38 £ 0.28
Percent KBWRC 0.55 * 0.06 0.56 £ 0.06 0.56 * 0.04 0.57 £+ 0.07
2 pdjusted maternal gain = weight (20 dg) - weight (0 dg) - uterine weight.

o o

LBWR = liver to body weight ratio x 100.
KBWR = kidney to bcdy weight ratio x 100.
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IABLE 12. Gallium Arsenide Inhalation Developmental Toxicity Study, Mean Body
and Organ Weights of Virgin Rats (g % SD).

Target

Gallium Arsenide

Concentration (mg/m3) 0 10 \ 37 75

N 10 10 10 10

Body Weight
Exposure Day 1 299.7 + 23.3 303.3 + 26.6 305.8 ¢+ 31.1 305.3 t 28.0
Exposure Day 3 305.3 £ 22.8 304.2 £ 23.2 304.8 £ 30.4 301.5 t 26.8
Exposure Day 7 313.1 £ 27.1 308.8 *+ 23.5 305.3 £ 30.4 304.8 t 25,0
Exposure Day 11 317.3 £ 27.1 315.1 £ 29.3 314.5 * 32.0 310.5 % 25.5
Exposure Day 14 316.2 = 26.9 319.6 £ 31.5 319.4 £ 30.4 312.6 22,1
Sacrifice 316.6 £ 27.5 321.4 % 31.2 323.5 £ 32.9 314.7 % 23.8

Liver? 13.23 £ 1.35 15.45 * 2.31P 16,03 + 1.58° 14.47 + 1.82

Percent LBWRC 4.18 + 0.28 4.79 £ 0.43 4,96 £ 0.11 4.60 + 0.44

Kidney 2.43 £ 0.24 2.54 £ 0,29 2.63 * 0.30 2.54 £ 0,22

Percent KBWRY 0.77 + 0.06 0.79 + 0.05 0.81 + 0.05 0.81 + 0.07

4 significantly correlated with exposure concentration, p<0.05.

bgignificantly different from control group, p<0.05. ‘

€ LBWR = liver to body weight ratio x 100.

d KBWR = kidney to body weight ratio x 100.
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IABLE 13.

Reproductive Measures (Mean + SD) in Rats.

Gallium Arsenide Inhalation Developmental Toxicity Study:

Target
Gallium Arsenide

Concentration (mg/m3) 0 10 37 75
NUMBER OF:

Sperm~positive Surviving Females 30 31 30 30
Number Pregnant 25 27 28 28
Pregnancies Examined 25 27 28 28
Corpora Lutea/Dam 17.3 £ 1.8 17.6 £1.9 17.6 £ 2.0 18.5 % 3.4
Implantations/Dam 15.6 £ 3.2 15,6 + 3.6 16.0 + 2.4 15.2 + 5.3
Live Fetuses/Litter 14.7 £ 3.5 15.0 £ 3.5 14.9 + 2.4 14.4 £ 5.1
Resorptions/Litter: 0.8+£0.9 0.6+0.8 1.0+0.8 0.8+ 1.1

Early 0.4 £ 0.6 0.4 £ 0.8 0.8 + 0.8 0.5 £ 0.8
Late 0.4 £ 0.7 0.2 £ 0.4 0.3 £ 0.6 0.3 £ 0.7
Dead Fetuses/Litter 0 0 0 0
Litters with Resorptions 15 12 21 14
Litters with 22 Resorptions 4 4 6 6
PERCENTAGE OF':
Pregnant Females 83 87 93 93
Live Fetuses/Litter 93.7 + 7.2 96.2 £ 5.1 93.5 %t 5.1 94.5 £ 7.2
Resorptions/Litter: 6.3 £ 7.2 3.8 5.1 6.5 £ 5.1 5.5 £ 7.2
Early 2.5 % 3.6 2.7 £ 5.0 4.8 £ 5.1 3.1 £ 4.4
Late 3.8 £ 6.9 1.1 + 2.3 1.7 £ 4.0 2.4 £ 5.8
Dead Fetuses/Litter 0 0 0 0
Litters with Resorptions 60 44 75 50
Litters with 22 Resorptions 16 15 21 21
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TABLE 14. Gallium Arsenide Inhalation Developmental Toxicity Study:
Average Fetal Weights, Average Fetal Liver Weights (Mean of
Litter Means; g * SD), and Fetal Sex Ratio in Ratas (Mean of
Litter Means; % t 8SD).

Target
'Gallium Arsenide
Concentration (mg/m3) 0 10 37 75
Litters Examined
with Live Fetuses 25 27 28 28
Fetal Weight
Male?d 3.70 £ 0.24 3.9 £ 0.23 3.56 £ 0.21 3,3 + 0,320
Female? 3.57 £ 0.27 3.42 + 0.24 3.39 £ 0.18P 3.20 t 0.30°
Fetal Liver Wt,
Male 0.313 £ 0.033 0,302 £ 0,031 0.309 £ 0.032 0.296 £ 0.046
Female 0.308 £ 0.031 0.289 * 0.035 0.300 + 0.027 0.288 £ 0.049
% Fetal LBWR®
Male 8.46 £ 0.85 8.44 £ 0.66 8.68 £ 0.67 8.84 £ 0.76
Female 8.62 £ 0.68 8.44 £ 0,73 8.86 * 0.60 8.96 £ 1.07
% Male Fetuses 51 + 18 54 + 15 53 + 13 46 + 18

3 gignificantly correlated with exposure corcentration, p<0.05.
b significantly different from controls, p<0.05.
€ LBWR = liver to body weight ratio x 100,
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TABLE 15, Gallium Arsenide Inhalation Developmental Toxicity Study:
Malformations Observed in Live Rat Fetuses,

'

Target Fetuses? Litters?
Gallium Arsenide
Concentration (mg/m3) 0 10 37 75 0 10 37 7
Total ExaminedP 368 408 418 403 25 27 28 28
Heads examined® 185 205 209 201 25 27 28 27
Skulls examinedd® 183 200 209 202 25 27 28 28
Viscera examined® 183 200 209 202 25 27 28 28
Malformations:
Cleft Palate No. - 1 - 1 - 1 - 1
(%) (0.2) (0.2) (3.7) (3.6)
Edema No. - - - 1 - - - 1
(%) (0.2) (3.6)
TOTAL:
Malformations No. 0 1 0 2 - — - -
Fetuses (Litters) No. 0 1 0 2 0 1 0 2
with Malformations (%) K0.0) (0.2) (0.0) (0.5) (0.0) (3.7) (0.0) (7.1)

a2 a single fetus or litter may be represented more than once in this table,

© All fetuses examined for external and skeletal defects. One-~half had heads
removed prior to skeletal staining,

¢ Heads fixed in Bouin's solution for evaluation of soft-tissue craniofacial
evaluations.

d Heads remained on the fetuses for skeletal examination; see (b).

¢ visceral examinations performed on approx. 50% of live fetuses.
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IABLE 186, Gallium Arsenilide Inhalation Developmental Toxloity Study. Mean
Percent of Live Rat Fetuses Affected per Litter ‘
(Mean Percent % 8SD),
Target
Gallium Arsernide
Concentration (mg/m3) 0 10 37 75
Number Litters
with Live Fetuses 25 27 28 28
Live Fetuses/Litter 14.7 £ 3.5 15,0 £ 3.8 14,9 £ 2.4 14.4 £ 5,1
MALFORMATIONS ¢
Cleft Palate - 0.3 £ 1.5 - 0.2 £ 1,0
Edema — - - 3.6 £ 18.9
Total Malformations - 0.3 £ 1.5 - 3.8 + 18.9
VARIATIONS:
pilated Ureter 7.0 £ 13.8 8.0 £ 16.1 8,9 £ 21.2 3.6 £ 10.1
Renal Pelvic Cavitation 2.6 £ 7.3 3.1 £ 11.4 0.7 %+ 3.8 0.4 £ 2,1
Mlgsing Innominate Artery  — - - 0.4 £ 2.4
Misaligned Sternebrae 0.1 £ 1.8 2,6 £ 5.3 2.2 £ 3.9 2.0 & 4.2
Sternebral Defects? 0.3 £ 1.4 0.2 £ 1.0 0.9 £ 2.3 0.7 £ 2.9
Rib Defects? 1.0 £ 2.9 0.3 = 1.4 0.6 £ 2.5 1.2 £ 4,0
Supernumerary Rib 8.4 £ 9.8 5.2 t 6.6 6.7+ 9.5 6.3+ 11.8 ‘
Reduced Ossification:
Pelvis 2.7 £ 7.0 2.5 + 7.2 0.9 £ 2.7 0.5 £ 10.9
Phalanges 1.9 £ 6.8 0.8 £ 2.3 N.7 £ 2.7 3.6 £ 9,4
Skull 8.5 * 16.6 10.6 £ 22.8 2.2 £ 5,9 8.5 £ 14.2
SternebraeP 6,8 * 9.2 15.8 £ 19.0 24.7 £ 23.4°930.3 £ 25.4¢
Vertebral centra 17.4 £ 20.0 22.2 £ 21.7 22.1 £ 17.2 27.0 £ 24.5
Total Variations® 35.8 £ 21,0 43.1 + 21.1 4.8 + 25.1 56.1 £ 27,6°€

a8 gee text for description of sternebral and rib defect.
b gignificantly correlated with exposure concentration, p<0.05.
¢ gsignificantly different than controls after arc sine transformation, p<0.0S.
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IABLE 17,

Gallium Arsenide Inhalation Developmental Toxiocity Study:

Reduced Ossifications Obsarved in Live Rat Fetuses,

Variations and

Targat Fetuses 4 Litters a
Gallium Arsenide
Exposure Concentration
(mg/m?) 0 10 37 75 0 10 a7 15
Total Examined® 368 405 418 403 25 27 28 28
Heads examined® 185 205 209 201 25 27 28 21
Skulls examinedd 183 200 209 202 25 27 28 28
Viscera examined® 183 200 209 202 28 21 28 28
VARIATIONS:
Dilated Ureter No. 13 11 16 7 7 9 8 5
(V) (7.1) (5.5) (7.7) (3.9) (28.0) (33.3) (28.6) (17.9)
Renal Pelvic No. 5 2 1 1 3 2 1 1
Cavitation () (2.7) (1.0) (0.5) (0.5) (12,0) (7.4) (3.6) (3.6)
Missing No, - - - 1 - - - 1
Innominate Artery (V) (0.5) (3.6)
Misaligned No. 2 11 9 8 2 8 8 7
Staernebrae (%) (0.95) (2.7) (2.2) (2.0) (8.0) (29.6) (28.6) (25.0)
Sternebral Defectaf No. 1 1 4 4 1 1 4 2
(v) (0.3) (0.2) (1.0) (1.0) (4.0) (3.7 (14.3) (7.1)
Rib Defectaf No. q 1 3 5 3 1 2 3
(%) (1.1) (0.2) (0.7) (L.2) ] (12.0) (3.7) (7.1) (10.7)
Supernumerary Rib  No. 30 23 30 23 15 14 14 13
(N) (8.2) {(5.7) (7.2) (5.7) (60.0) (51,9) (50.0) (46.4)
REDUCED OSSIFICATIONS:
Pelvis No. 6 9 4 24 6 4q 3 6
(%) (1.6) (2.2) (1.0) (6.0) (24.0) (14.8) (10.7) (21.4)
Phalanges No. 3 3 3 17 3 3 2 5
(%) (0.8) (0.7) (0.7) (4.2) (12.0) (11,1) (7.1) (17.9)
Skull No. 17 17 5 19 6 9 q 10
(%) (9.3) (8.5) (2.4) (9.4) (24.0) (33,3) (14.3) (35.7)
Sternebrae Na. 22 62 106 142 15 17 23 23
(¥) (6.0) (15.3) (25.4) (35.2)] (60.0) (63.0) (82.1) (82.1)
Vertebral centra No. 58 91 97 105 19 20 23 25
(v) | (15.8) (22.5) (23.2) (26.1)] (76.0) (74.1) (82.1) - (89.3)
Total Number
of Variations9 No. 161 231 278 356 — - - —
Total Fetuses
(Litters) with No. 123 175 207 239 25 27 27 26
Variations (v) ] (33.4) (43.2) (49.5) (59.3)] (100.0) (100.0) (99%.4) (92.9)

ap single fetus or litter may be represented more than once in this table.

bp1l fetuses were examined for external and skeletal defects,
prior to skeletal staining.

“Heads were fixed in Bouin's solution for soft-tissue craniofacial evaluations.
dHeads remained on the fetuses for ukeletal examination; see (b),
®Viscerals were performed on approx. 50% of live fetuses,

fSee text for description of sternebral and rib defects.

9There may be >1 variation per fetus.

One-half had heads removed
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IABLE 18. Gallium Arsenide Inhalation Developmental Toxicity Study:
Female Mouse Disposition.

Target
Gallium Arsenide
Conec. Treatment Virgins Mated Scheduled
{mg/m3) Group virgins Mated Died? Died? Sacrifice
0 1 10 0 0 33
10 2 10 0 0 34
37 3 10 8 5 19
75 4 10 ‘8 8 18

4Moribund sacrifice or found dead.
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TABLE 19. Gallium Arsenide Inhalation Developmental Texicity Study:! Mean

Body, Uterine, Adjusted Maternal Gain, and Organ Weights of
Surviving Pregnant Mlce (g £ SD).

Target
Gallium Arsenide
Concentration (mg/m3) 0 10 37 75
N 17 22 16 ‘ 14
Body Weight
0 dg 29.4 £ 1.4 29.2 £ 1.7 29.1 £ 1.8 29.6 £ 1.3
4 dg 30.1 £ 1.7 30.1 £ 1.7 29.8 £ 1.8 30.3 £ 1.7
6 dg 30.6 £ 1.7 31.2 £ 2.0 30.5 + 1.7 30.6 £ 1.7
9 dg? 32.5 £ 1.6 31.1 £ 2.4 28.8 + 2.8 27.7 + 2.6P
12 dg2 38.0 £ 2.7 35.9 = 3.6 32.8 £ 3.9 30.8 + 4.6°
15 dg? 45.7 % 4.1 43.7 £ 5.8 39.7 £ 6.2F  36.1 % 8.0P
18 dg2 54.8 £ 5.8 52.9 8.8 47.2 + 10.4 40.4 % 12.6°
Adjusted
Maternal Gain2/¢ 5.5+ 1.8 5.8+ 2.4 4.3 £ 2.7 2.4 £ 3,2b
Uterine? 19.9 + 4.4 17.9 £ 6.4 13.8 £ 8.3 8.5 £ 9.6P
Liver 2.79 £ 0.33 2.80 = 0.44 2.58 £ 0.73 2.36 £ 0.60
Percent LBWR2/d 5.12 £ 0.52 5.34 * 0,48 5.56 + 1.37 5.93 + 0.61P
Kidney 0.45 £ 0.05 0.47 £ 0.07 0.60 £ 0.57 0.46 = 0.05
Percent KBWR® 0.83 + 0.11 0.91 * 0.22 1.32 £ 1,15 1.23 + 0.38

4Significantly correlated with exposure concentration, p<0.05.
bsignificantly different from control group, p<0.05,.

Cadjusted maternal gain = weight (18 dg) - weight (0 dg) =~ uterine weight.
dLBWR = liver to body wr.ght ratio x 100.

€KBWR = kidney to body weight ratio x 100.
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IABLE 20. Gallium Arsenide Inhalation Developmenfal‘Toxicity Study: Mean
Body and Organ Weights of Virgin Mice (¢ % SD).

Target

Gallium Arsenide

Concentration (mg/m3) 0 10 .37 75

N ‘ 10 10 2 2

Body Weight
Exposure Day 1 29.5 £ 2.0 28.9 £ 1.6 30.2 + 1.1 28.9 £ 2.1
Exposure Day 3 29.2 £ 1.9 30.1 £ 2.0 29.9 £ 2.5 29.1 £ 2.6
Exposure Day 6 29.6 £ 2.1 27.2 £ 2.2 26.9 + 2.6 26.7 £ 1.0
Exposure Day 9 31.8 £ 2.7 26.4 £ 2.2 29.0 £ 1.6 26.9 = 2.5
Exposure Day 12 30.4 £ 2.1 28.2 £ 2.0 29.1 £ 1.1 27.7 £ 1.5
Sacrifice 29.2 £ 1.9 28.7 + 1.8 30.0 £ 1.3 28.7 £ 1.9

Liver? 1.72 £+ 0.16 . 1.78 % 0.18 1.85 % 0.22 1.98 £ 0.54P0

Percent LBWR® 5.89 * 0.37 6.20 * 0.41 6.17 £ 1.01 6.86 £ 1.41

Kidney 0.42 = 0.04 0.41 *+ 0.04 0.44 * 0.03 0.46 = 0.04

Percent KBWRY 1.45 + 0.11 1.41 + 0.10 1.47 + 0.17 1.59 £ 0.02

agsignificantly correlated with exposure concentration, p<0.05.

bsignificantly different from control group, p<0.05.
CLBWR = liver to body weight ratio x 100.
dkBWR = kidney to body weight ratio x 100,
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IABLE 21. Gallium Arsenide Inhalation Developmental Toxicity Study:

Reproductivec Measures in Mice (Means of Litter Means * SD).

Target
Gallium Arsenide

Concentration (mg/m3) 0 10 37 75
NUMBER OF:
Surviving Females 23 24 17 16
Number Pregnant 17 22 16 14
Pregnancies Examined 17 22 16 14
Corpora Lutea/Dam? 13.6 £ 1.9 12.5 + 4.7 10.8 £ 5.7 7.3 & 7.6°
Implantations/Dam 12.8 £ 3.1 12.6 £ 3.1 . 12.3 + 3.0 12.4 £ 2.9
Live Fetuses/Litter? 11.9 % 3.0 11.0 £ 4.1 9.1 £ 5.7 5.6 + 6.8P
Resorptions/Litter? 0.9 £ 0.9 1.6 £ 1.8 3.2 £ 4.8 6.9 £ 5.7P

Early? 0.6 £ 0.8 1.2 £ 1.9 2.1 % 4.4 5.7 £ 5.7°

Late 0.3 £ 0.5 0.4 £ 0.7 1.1 £ 2.6 1.1 % 3.7
Dead Fetuses/Litter 0 0 ¢ 0
Litters with Resorptions 9 18 10 11
Litters

with 22 Resorptions 6 10 6 10
Litters with

100% Non-live Fetuses 0 2 4 8¢

PERCENTAGE OF:
Pregnant 74 92 94 88
Live Fotuses/Litterd® 93.4 % 7.1 82.6 * 27.3 70.2 * 42.5 39.3 £ 47.6P
Resorptions/Litter? 6.6 £ 7.1 17.4 £ 27.3 29.8 * 42.5 60.8 *+ 47.6°

Early? 4.4 t 6.1 14.5 *+ 28.3 20.8 + 39.6 52.6 + 49.8°

Late 2.2 3.5 2.9+ 4.8 9.1 % 21.4 8.2 £ 26.6
Dead Fetuses/Litter 0 0 0 0
Litters with Resorptions 53 82 63 79
Litters

with 22 Resorptions 35 45 38 71
Litters with

100% Non-live Fetuses 0 9 ) 25 57¢
adgignificantly correlated with exposure concent_a..on, p<0.05.
bsignificantly different from control group, p<0.05.
€Significantly greater than control group (Chi-~square, p<0.05).
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IABLE 22.

Gallium Arsenide Inhalation Developmental Toxicity Study: Average
Fetal Weights (Mean of Litter Means; g t SD) and Fetal Sex Ratio in

Mice (Mean of Litter Means; % * SD).

Target
Gallium Arsenide
Concentration (mg/m?) 0 10 37 75
Litters Examined

with Live Fetuses 17 20 12 6
Fetal Weight? :

Male?d 1.34 £ 0.09 1.27 £ 0.11 1.16 £ 0.05® 1.12 £ 0.07P

Female? 1.33 £ 0.10 1.25 £ 0.11 1.13 + 0.09P 1.08 £ 0.10P
Percent Male - 43 + 16 52 + 15 51 + 11 45 + 13

dsignificantly correlated with exposure concentration, p<0.05.
bsignificantly different from the control group, p<0.05.
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IABLE 23.

Malformations Observed in Live Mouse Fetuses.

Gallium Arsenide Inhalation Developmental Toxicity Study:

Target Fetuses? Litters?
Gallium Arsenide
Concentration (mg/m?) 0 10 37 75 0 10 37 75
Total ExaminedP 202 242 145 178 17 20 12 6
Heads Examined® 102 121 75 41 17 20 12 6
Skulls Examinedd 100 121 70 37 17 20 12 6
Viscera Examined® 100 121 70 37 17 20 12 6
Malformations:
Cleft Palate No.| ~— 1 2 2f - 1 2 1
: (%) (0.4) (1.4) (2.6) (5.0) (16.7) (16.7)
Exencephaly No. - 1 - - - 1 - -
(%) (0.4) (5.0)
Limb Flexure No. 2 4 1 - 2 4 1 -
(%) {(1.0) (1.7) (0.7) (11.8) (20.0) (8.3)
Open Eye No. 1 - - - 1 - - -
(%) 1(0.5) (5.9)
Vertebral Defects? No. - - 3 3f - - 3 2f
(%) (2.1) (3.8) (25.0) (33.3)
TOTAL:
Malformations No. 3 6 6 5 - - - -
Fetuses (Litters) No. 3 6 6 5 3 5 6 2
with Malformations (%) 1(1.5) (2.5) (4.1) (6.4) (17.6) (25.0) (50.0) (33.3)

8n single fetus or litter may be represented more than once in this table.
One-half had heads

ball fetuses examined for external and skeletal defects.

removed prior to skeletal staining.
CHeads fixed in Bouin's solution for soft-tissue craniofacial evaluations.

dHeads that remained on the fetuses had a skeletal examination; see (b).

®Viscerals performed on approximately 50% of live fetuses.
fsignificantly greater than control group (Chi-square, p<0.05).

9See text for description of vertebral defects.
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IABLE 24. Gallium Arsenide Inhalation Developmental Toxicity Study: Mean '
Percent of Live Mouse Fetuses Affected per Litter
(Mean Percent t SD). ‘

» ‘//‘
Target ' _/“
Gallium ikrsenide
Concentration (mg/m3) 0 10 37 75
Number Litters Examined 17 20 12 6
Live Fetuses/Litter 11.9 + 3.0 11.0 £ 4.1 9.1 + 5.7 5.6 + 6.8
MALFORMATIONS:
Cleft Palate - 0.5 % 2.2 1.3 £ 3.1 2.8 + 6.8
Encephalocele - 0.4 £ 1.7 - -
Limk Flexure 1.0 2.9 1.7 £ 3.7 0.6 £ 2.2 -
Open Eye 0.4 £ 1.7 - - -
Vertebral Defects? - - 2.2t 4.1 4.2 £ 7.0
Total Malformations 1.4 & 3.2 2.6 £ 5,3 4,2 + 4.4 6.9 £ 11.1
VARIATIONS:
Misaligned Sternebrae 16.6 + 15.6 14.6 * 13.7 24.8 + 19.7 34.0 £ 13.2
Sternebral Defects?s® 3.8 £ 5.8 9.1 £ 13.4 10.0 % 11.7 23.3 £ 27.8¢
Rib Defects? ‘ - -- 2.7 £ 5.2 3.1 £ 4.8
Supernumerary Rib 26.6 * 26.2 15.7 + 21.8 23.2 t 23.2 30.0 £ 31.8
REDUCED OSSIFTCATIONS:
Pelvis - - 1.4 £ 4.8 -
Phalanges - - 4.2 + 14.4 -
Ribs - - 2.8 £ 9.6 -
SternebraeP 2.5 + 4.3 8.3 + 10.9 18.1 + 17.1¢ 29,7 £ 25.2¢
Skull 2.5+ 10.4 4.5 % 12.4 7.2 + 15.2 2.4 £ 5.8
Vertebrae 0.4 £ 1.6 - 1.4 £ 4.8 5.6 £ 13.6
Total VariationsP 41,7+ 23.8 40.8 £ 23.8 56.3 + 22.9 69.9 + 24.4
agsee text for description of sternebral, rib, and vertebral defects.
bsignificantly correlated with exposure concentration, p<0.05.
csignificantly different than contrcls after arc sine transformation, p<0.05.
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TABLE 25. Gallium Arsenide Inhalation Developmental ToxiciFy Study:
Variations and Reduced Ossifications Observed in Live Mouse

Fetuses.

Target Fetusesa?d Litters?
Gallium Arsenide
Concentration (mg/m?) 0 10 37 75 0 10 37 75
Total ExaminedP 202 242 145 78 17 20 12 6
Heads Examined® 102 121 75 41 17 20 12 6
Skulls Examinedd 100 121 70 37 17 20 12 6
Viscera Examined® 100 121 70 37 17 20 12 6
VARIATIONS:
Misaligned
Sternebrae No.| 35 36 . 37 26f 12 16 11 6
(%) [(17.3)(14.9) (25.5) (33.3) 1 (70.6) (80.0) (91.7) (100)
Sternebral Defects9 No. 8 24 14 17¢€ 6 10 8 5
()] (4.0) (9.9) (9.7) (21.8) ] (35.3) (50.0) (66.7) (83.3)
Rib Defects9d No. - - 4 2 - - 3 2
(%) (2.8) (2.6) (25.0) (33.3)
Supernumerary Rib No.| 53 38 36 24 12 12 8 5
(%) |(26.2) {(15.7) (24.8) (30.8) | (70.6) (60.0) (66.7) (83.3)
REDUCED OSSIFICATIONS:
Pelvis : No. - - 2 - - - 1 -
(%) (1.4) (8.3)
Phalanges No. - - 6 - - - 1 -
(%) (4.1) (8.3)
Ribs ‘ No. ot - 4 - - _ 1 -
(%) (2.8) (8.3)
Skull No. 3 4 5 1 1 3 3 1
(%)} (3.0) (3.3) (7.1) (2.7) (5.9) (15.0). (25.0)(16.7)
Sternebrae No.| 6 21 27f 21f 5 12 10f 6f
($)](3.0) (8.7) (18.6) (26.9) ] (29.4) (60.0) (83.3) (100)
Vertebrae No. 1 - 2 4 1 - 1 1
(%)](0.5) (1.4) (5.1) (5.9) (8.3) (16.7)
TOTAL:
Variationsh No.| 106 123 137 95 — — - —
Fetuses (Litcters) No.{ 84 100 gaf 54¢£ 16 20 12 6
with Variations (%) |(41.6) (41.3) (57.9) (69.2) ] (94.1) (100) (100) (100)

3 single fetus or litter may be represented more than once in this table.
ball fetuses examined for external and skeletal defects; one-half had heads
removed prior to skeletal staining.
¢Yeads fixed in Bouin's solution for soft-tissue craniofacial evaluations.
djjeads that remained on the fetuses had a skeletal examination; see (b).

eviscerals performed on approximately 50% of live fetuses.

fsignificantly greater than control group (Chi-square, p<0.05).
9See text for description of sternebral and rib defects.

hThere may be >1 variation per fetus.
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TABLE 26. Inhalation Developmental Toxicity Study of Contemporary Control
Data (N=157 Litters Mean * SD) in Sprague-Dawley Rats. ‘

Number Percent
Maternal Weight; 20 dg 399.2 + 35.5 -
Gravid Uterine Weight 77.3 £ 17.2 -
Extra-gestational Weight Gain 49.7 £ 16.0 -
Implantations/Dam 15.2 = 2.9 -
Live Fetuses/Litter 14,3 £ 3.1 93.5 £ 7.8
Resorptions/Litter 0.9 £ 1.0 6.5 £ 7.8
Early 0.7 £ 0.9 5.0 £ 7.2
Late 0.2 £ 0.5 1.4 £ 3.9
Dead Fetuses/Litter 0.0 £ 0.0 0.0 £ 0.0
Litters with Resorptions 89 56.7
Litters with 22 Resorptions 37 23.6
Fetal Weight 3.55 = 0.3 -
Male 3.64 £ 0.4 -
Female 3.47 £ 0.3 -
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TABLE 27. Inhalation Developmental Toxlolty Study of Contemporary Control
Data: Variations Observed in Live Sprague-Dawley Rat Fetuses.

Fetuses? Litters? Mean Percent
Number Number per Litter
(Percent) (Percent) (r sD)
Total Examined® 2241 157 -
Heads Examined® 1129 157 -
Skulls Examinedd 1112 157 -
viscera Examined 1286 157 -
Variations:
Dilated Ureter No. 54 28 3.7 £ 9.9
‘ (%) (4.2) (17.8)
Renal Pelvic Cavitation No. 14 8 0.9 £ 4.0
: (%) (1.1) (5.1)
Anomalous Rib No. 1 1 0.0 £ 0.6
(%) {(0.0) (0.6)
Rib Defect No. 4 3 0.2 1.2
(%) (0.2) (1.9)
Rudimentary Rib No. 1 1 0.0 £ 0.5
(%) (0.0) (0.6)
Supernumerary Rib No. 91 42 4.0 + 8.6
(%) (4.1) (26.8)
Misaligned Sternebrae No. 8 8 0.3 £ 1.5
(%) (0.4) (5.1)
Sternebral Defect No. 1 1 0.0 £ 0.6
(%) (0.0) (0.6)
Missing Innominate Artery No. 3 3 0.3 £ 2.0
(%) (0.2) (1.9)
Reduced Ossification:
Pelvis No. 41 25 2.3 £ 8.0
(%) (1.8) (15.9)
Phalanges No. 16 12 1.0 £ 4.2
(%) (0.7) (7.6)
Skull No. 37 14 2.7 £ 10.4
(%) (3.3) (8.9)
Sternebrae No. 167 77 7.8 £ 12.8
(%) (7.4) (49.0)
Vertebrae No. 124 58 5.7 £ 12.1
(%) (5.5) (36.9)
Tota) Variations No. 562 - 26.3 £ 33,7
Total Fatuses (Litters) No. 426 132 19.4 £ 19.0
with Variations (%) (19.0) (84.1)

4 A gingle fetus or litter may be represented more than once in this table.

b a1l fetuses examined for external and skeletal defects.

heads removed prior to skeletal staining.
C Heads fixed in Bouin's solution for soft-tissue craniofacial

evaluations.

One-half had

d Heads that remained on the fetuses had a skeletal examinavion; see (b).
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IABLE 28.

Inhalation Developmental Toxicity Study of Contemporary

Control Data

(N=184 Litters

Mean % SD)

A

in Swiss CD-1 Mice,

Percent

Maternal Weight;

18 dg

Gravid Uterine Weight

Extra-gestational Weight Gain
Implantations/Dam

Live Fetuses/Litter
Resorptions/Litter

Early
Late

Dead Fetuses/Litter

Litters with Resorptions
Litters with 22 Resorptions

Fetal Welght

Male
Female
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TABLE 24, 1Inhalation Developmental Toxicity Study of Contemporary Control
‘ Data: Variations Observed in Live Swiss (CD-1) Mouse Fetuses,

Fetuges? Littersd Mean Percent
Number Number per Litter
(Percent) (Pexrcent) (£ 8D)
Total Examined® 2168 184 -
Heads Examined® 1086 184 -
Skulls Examinedd 1082 184 -
Viscera Examiried 1250 184 -
Varlations:
Dilated Ureter No. 4 4 0,3t 2,3
(%) (0.3) (2.2)
Kinked Tail No. 1 1 0,1+ 1.1
(%) (0.0) (0.5)
Limb Flexure No. 20 16 0.9 %+ 3.1
(%) (0.9) (8.7)
Extra Ossification Sternebrae No. 18 11 0.9 + 5.2
(%) (0.8) (6.0)
Misaligned Sternebrae No. 119 65 5.3+ 9.4
(%) (5.5) (35.3)
Scrambled Sternebrae No. 1 1 0.0 £ 0.5
(%) (0.0) (0.5)
Sternebral Defect No. 8 6 0.3 £ 2.0
(%) (0.4) (3.3)
Rudimentary Rib No. 1 1 0.1+ 0.8
. (%) (0.0) (0.5)
Supernumerary Rib No., 395 119 18.7 £ 22.9
(%) (18.2) (64.7) ‘
Reduced Ossification:
Rib No. 1 1 0.0 £ 0,6
(%) (0.0) (0.5)
Skull No. 18 10 1.1 % 5.4
(%) (L.7) (5.4)
Sternebrae No. 69 48 3.2 £ 6.2
(%) (3.2) (26.1)
Vertebrae No. 1 1 0.0 £ 0.5
(%) (0.0) (0.5)
Total Variations No. 656 — 30.5 * 27.3
Total Fetuses (Litters) No. 589 159 27.5 £ 23.5
with Variations (%) (27.2) (86.4)

2 A single fetus or litter may be represented more than once in this table.
b All fetuses examined for external and skeletal defects. One-half had

heads removed prior to skeletal staining.
€ Heads fixed in Bouin's solution for soft~tissue cranlofacial evaluations.
d Heads that remained on the fetuses had a skeletal examination;

see (b).
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TABLE 30, Inhalation Developmental Toxiclty Study of Contemporary Control

Data: Malformations Observed in Live Swias (CD-1) Mouse ‘
Featuses.
Fetusead Litters? Mean Percent
Number Number per Litter
(Percgent) (Percent) (X sD)
Total Examined® 2168 184 -
Heads Examined® ‘ 1086 184 -
Skulls Examinedd 1082 1684 -
Viscera Examined 1250 184 —_
Malformations:
Exencephaly No. 1 1 0.1 1.5
(%) (0,1) (0.5)
Folded Retina No. 2 2 0.2 £ 1.9
(%) (0.2) (1.1)
Open Eye No. 2 ‘ 2 ’ 0.2 £ 1.6
(%) (0.2) (1.1)
Total Malformations No. 5 — 0.3 £ 1.9
Total Fetuses (Litters) No. 4 4 0.2 £ 1.3
with Malformations (%) (0.2) (2.2)

a A single fetus or litter may be represented more than once in
this table.

All fetuses examined for external and skeletal defects. One-half
had heads removed prior to skeletal staining,

¢ Heads fixed in Bouln's solution for soft-tissue craniofacial
evaluations.

Heads that remained on the fetuses had a skeletal examination;
see (b).

b
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Narrative
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a. Analysis at Chemistry Support Contract Laboratory

Chemical characterization of the gallium arsenide test material was
presented in the October 26, 1988 report from Midwest Research Institute
(MRI). Bulk chemical (MRI Lot No. M051988, Batch 06) was identified as
gallium arsenide. Cumulative analytical data indicated a purity of greater
than 98%.

Elemental analysis results showed good agreement of gallium with
theoretical values. The elemental analysis results for arsenic were high;
52.8% compared to a theoretical value of 51.8% No organic impurities were
.found to be present by elemental analysis. Spark source mass spectrometry
indicated that gallium and arsenic were the major components, and no
impurities were present at concentrations greater than 100 ppm. All
impurities totaled less than 170 ppm by spark source mass spectrometry.
Weight loss upon drying indicated 0.04 * 0.01% water. Chelometric titration
indicated a purity of 99 % 1%.

b. Reanalysis at Battelle Pacific Northwest Laboratories

The MRI recommended procedure was implemented and the bulk chemical
purity was initially performed by elemental analysis. Subsequent chemical
analyses were performed using chelometric titration. Chelometric titrations
performed at BNW within 30 days of the projected start of the IRT study showed
the test material relative purity was greater than 99%. Test material purity
was acceptable for the study exposures.

c. Storage Recommendation for the Contract Laboratory

As recommended by the NTP analytical contractor, storage was at room
temperature (~20 °C) under an inert nitrogen atmosphere. Test material was
also protected from direct exposure to light. 1In order to provide more
convenient containers for day to day usage of the bulk chemical, the test
material was subdivided into 32 oz jars.

Additional details regarding test material receipt, usage, storage, and
disposition may be found in the Test Chemical Characterization, Storage, and
Usage Section of Appendix A.

2. Test Chemical Stability Studies

Test article stability in the exposure system was investigated prior to
the start of the developomental toxicity study and during other prechronic
toxicity studies conducted for the NTP (gallium arsenide repeated dose and
subchronic studies). Additional investigations of test article stability were
carried out during the first week of the developmental toxicity study. All
test article stability studies accomplished to date, including those performed
as part of the developmental toxicity study are summarized below.

Gallium arsenide undergoes oxidation in the presence of atmospheric
oxygen. However, once a protective oxide surface layer is formed, further
oxidation of the material is retarded. The extent of this oxidation was
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examined in detail by x-ray photoelectron spectroscopy (XPS) during the
gallium arsenide repeated dose study. These studies indicated that the .
surface of the test material contains gallium oxide, arsenic trioxide, and

gallium arsenide. The molar ratio of gallium oxide to gallium arsenide in the
surface oxide layer ranged from approximately 0.24 to 0.30, whereas the molar
ratio of arsenic trioxide to gallium arsenide ranged approximately from 0.18

to 0.25. The XPS analysis indicated that the oxidation observed was confined

_to a surface layer depth of approximately 50 to 100 A.

Although surface oxidation does occur in this test material, the relative
amount of oxidized material is expected to be quite small, and confined to the
outermost surface layers of the material. Any significant oxidation of the
test material (more than 1-2%) would likely be detected using conventional
x-ray powder diffraction analysis. However, in order to gain a more complete
understanding of the nature and extent of this oxidation, additional analyses
were performed prior to the subchronic study, with scanning transmission
electron microscopy (STEM) in the transmission mode using the techniques of
convergent beam electron diffraction (CBED) and selected area diffraction
(SAD) . These analyses showed a shell of polycrystalline material
approximately 50A in thickness around ..ome of the gallium arsenide particles.
This result is supported by previous analyses vbtained with x-ray
photoelectron spectroscopy, which indicated a surface layer containing
significant quantities of gallium and arsenic oxides with a layer thickness of
50-100 A. This result shows that the extent of oxidation is very small, and
is further supported by oxygen measurements using XRF spectroscopy (thin
window detector) as described below. TEM measurements were not repeated
during the developmental toxicity study.

Prior to the subchronic study, the relative concentrations of oxygen,
gallium and arsenic in the test material surface layer using energy dispersive ‘
x-ray fluorescence spectroscopy (XRF) with a thin-window detector. Although
small amounts of oxygen were detected, this analysis indicated that the amount
of oxygen in the test chemical was <0.5% relative to gallium arsenide. When
repeated during the subchronic study, this analysis indicated the relative
amounts of gallium (47.9 * 1.2%) and arsenic (52.1 * 1.2%) were quite near the
theoretical gallium arsenide composition (48.2% Ga, 51.8% As). Oxygen was
below the detection limit (<0.5%) for this method of analysis. These
measurements were not repeated for the developmental toxicity study.

Test article stability was investigated using x-ray diffraction analysis
(XRD) to determine the crystalline phases present in samples of gallium
arsenide from the exposure system. XRD has a detection limit for various
crystalline phases of 1-2% by volume, although this figure can vary somewhat
depending on the amount of material available, sample preparation and analysis
method, and interferences due to phase mixtures. XRD is useful in determining
whether gross changes have occurred in the test material resulting from
reaction with atmospheric gases such as carbon dioxide, oxygen, and water.

XRD is also useful in detecting the introduction of metallic crystalline
impurities that may be result from mechanical abrasion in the generatiocn
system.

Analysis of samples from occupied and unoccupied exposure chambers and
from exposure generation system were completed as part of the NTP repeated
dose and subchronic studies. Analysis of x-ray diffraction patterns of these
samples indicated only the presence of gallium arsenide. No crystalline
phases other than gallium arsenide were observed in any of the samples
analyzed using this technique. Although other phases were likely present in
the surface layer of the test material (gallium and arsenic oxides), the
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relative amounts of these phases in the material were smaller than the
detection limits for conventional x-ray diffraction analysis (1-2% by volume).

XRD analyses were repeated during the first week of the developmental
toxicity study. The x-ray diffraction patterns of the chamber samples,
generator reservoir samples, and bulk chemical were entirely consistent with
the pattern expected from gallium arsenide (gallium arsenide, cubic). No
indication of crystalline phases other than gallium arsenide was observed in
any of the samples. No evidence of any oxidized phases such as Ga,0; and
As,0; was observed. Thus, although these oxidized phases have previously been

shown to be present using XPS and TEM analysis, their concentration is less
than the XRD analysis detection limit of 1 to 2% by volume.

During previous studies, possible contamination of the test article by
materials in the exposure generation system was investigated using x-ray
fluorescence (XRF) spectroscopy and inductively coupled plasma-mass
spectrometry (ICP-MS). This portion of the stability studies was designed to
determine whether metallic impurities were introduced into the generated test
atmosphere by the generation system. Gallium arsenide is expected to be quite
stable within the gen:ration system. However, small amounts of metallic
impurities could be introduced into the system as a result of test chemical
generation. ‘

The generator conte¢ins a number of parts constructed of stainless ateel
end brass, and the liner on the trost mill is constructed of tungsten carbide.
These metallic parts are all subject to abrasion by the mechanical action of
the dust as it moves through the generator. Although significant
contamination of the generated test article from these sources is not likely,
analyses were conducted to demonstrate that such contamination does not occur.
These analyses indicated that the relative amounts of Ga and As in the
collected samples were very close to the theoretical amounts expected in
gallium arsenide. During the repeated dose and subchronic studies minor
amounts of metallic impurities were detected in samples from the exposure
chambers, but these impurities were all present at very low concentrations
(<1% by weight).

Analyses for metallic impurities in the exposure generation system were
repeated using XRF analysis during the first week of the developmental
toxicity study. Analyses for metallic impurities introduced by the test
chemical generation system indicated the presence of minor amounts of iron,
chromium, copper, and nickel . These impurities were observed in comparable
amounts in the test material and were present at concenf.rations that were <1%
by weight. 'Minor amounts of potassium, calcium, strontium, and silicon were
also detected. These elementuy were observed only in the samples collected con
filters, and are possibly a result of variability in “he amount of these
elements in the filters used for sumwple collection. Elevated values for
potassium, calcium and silicon may alsu result from contamination of the
chamber samples by ambient dust or animal food particles.

Additional details of test chemical stability measurements can be found
in this Appendix.

3. Monitoring of Test Chemical Concentration in Exposure Chambers
Monitoring of gallium arsenide aerosol was accomplished with RAM-1

aerosol mcnitors. These devices use a pulsed light-emitting diode in
combination with a silicon detector to sense the light scattered over a
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forward angle of 45° to 95° by the particles traversing the sensing volume.

The instrument responds to particles in the 0.1 to 20 um diameter size range. ’
The sample .y3tem used a valve to multiplex one RAM monitor to two

exposure chambers and either the control chamber or the room. The monitors

were connected to the chambers through sample lines designed to minimize

aerosol particle losses due to settling or impaction. The output of the RAM-1

monitors was automatically read and recorded by the Automated Data Acquisition

and Control System. A Hewlett-Packard HPBS5B computer remotely ccntrolled the

selection of the correct sample stream and the acquisition of data from the

monitor. The calibration equations contained in the HPB8SB were applied to the

voltage data supplied by the RAM monitors. Each chamber concentration

obtained was compared with limit values for the particular location. If a

chamber concentration was beyond control limits, the HP8S5B computer would have

immediately sent the information to the executive computer for appropriate

action.

Exposure concentrations for the developmental toxicity study were
initially set at 10.0, 37.0, and 75.0 mg/m3. At the beginning of the study,
two additional chambers were maintained at concentrations of 0.1 and 1.0 mg/m3
for the purpose of chamber monitor calibration. These additional chambers
were initially planned for use in providing a sufficient number of points for
chamber monitor calibration curves, and were not to be used for animal
exposures. However, due to unexpectedly high toxicity at the 75.0 mg/m3
exposure concentration, ti.2@ exposure concentration range for male mice was
1.0, 10.0, and 37.0 mg/m3. Exposures of male mice began 12 dayas after female
exposures started and continued for 12 days. Thus, exposure chambers were
maintained at concentrations of 0.1, 1.0, 10.0, 37.0, and 75.0 my/wm?, but the
0.1 mg/m3 chamber was maintained only for calibration purposes.

The RAM aerosol monitors were calibrated against chamber concentrations ‘
determined from the analysis of filter samples obtained from the exposure
chambers. The samples were collected on glass-fiber filters. Gallium
arsenide was dissolved from the filters with 20% nitric acid, diluted, and
analyzed for gallium using graphite furnace atomic absorption
spectrophotometry (GFAAS).

The amount of gallium found by analysis of the filter samples was
converted to the corresponding amount of gallium arsenide and divided by the
sample volume to obtain the chamber concentration in mg/m3. Chamber
concentrations determined from analysis of filter grab samples were correlated
with voltage readings from the RAMs obtained concurrently with grab samples.
For each RAM, a least squares calibration curve was derived from chamber
concentrations and the corresponding RAM voltage data. Either first- or
second~order polynomials were used to construct the calibration equations.

The form of the calibration curve employed was chosen to minimize errors in
the prediction of chamber concentration from RAM voltage data.

Prior to the start of the developmental toxicity, several chemical
specific calibrations of the RAM monitors were accomplished using GFAAS.
These calibrations were conducted in animal occupied chambers during the final
stages of the gallium arsen.de subchronic study. Additional chemical
specific calibrations were determined during the developmental toxicity study.

There was no on=-line standard for gallium arsenide aerosol. To ensure
that chamber concentrations were within 20% of the target exposure
conicentrations, filter grab samples were obtained daily from exposure chambers
and the amount of gallium arsenide on each filter was determined
gravimetrically. If the chamber concentration determined from the gravimetric .
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analysis was not within *20% of the chamber target concentration, .chemical
specific recalibration using GFAAS was accomplished.

The RAM-~1 monitors are not chemically specific for gallium arsenide.
They respond to the presence of any particulate material within the correct
size range which is sampled from the chamber. They were, however, calibrated
by a method which possesses a very high chemical specificity. Experience in’
our laboratory indicates that the presence of animals contributes little or no
measurable increase in the RAM readings at the chosen target exposure
concentrations.

During prestart testing for the gallium arsenide the minimum detectable
limit (MDL) was determined for each RAM monitor. (Note: Determinations of
MDL, MQL, and MLQ were made during the prestart phase of the gallium arsenide
subchronic study, which was accomplished immediately prior to the
developmental toxicity study.) At the end of a generation day, the chamber
concentration was allowed to decay to zero in all chambers. During chamber
decay, test material concentration in the high chamber was measured using the
RAM employed to monitor the low chamber (RAM#3), until a steady state
concentration near zero was achieved. At this point, all three RAMs were
allowed to execute their normal duty cycle, thereby measuring the blank
concentration in all chambers for a period of about 6 hours. This provided
between 60-70 readings from each RAM per day. Data from three days was used
for MDL determinations for each RAM,

The value of MDL for each RAM was determined as the average blank plus
three times +the standard deviation of the blank, measured as described above.
The average and standard deviation of the blank concentration measurements
were 0.001 (+ 0.007), -0.001 (£ 0.005), and 0.003 (£0.001l) mg gallium
arsenide/m3 for RAM#1, RAM#2 and RAM#3, respectively. From these data, the
MDL was calculated to be 0.020, 0.013, and 0.006 mg/m3 for RAM#1, RAM#2 and
RAM#3.,

The minimum quantifiable limit (MQL) is commonly employed in analytical
chemistry. The MQL is defined as the blank concentration plus 10 times the
standard deviation of the blank. Using the data obtained in the determination
of MDL discussed above, the MQL was determined to be 0.071, 0.049, and
0.013 mg gallium arsenide/m? for RAM#1, RAM#2, and RAM#3, respectively.

The minimum limit of quantitation (MLQ) has been defined as the
concentration at which the %RSD and the relative error of the measurement is
+10%. In the absence of an aerosol standard for gallium arsenide,
successively lower concentrations of gallium arsenide were generated in the
0.1 and 1.0 mg/m3 chambers. During this generation period, several readings
at each lower concentration were obtained using RAM#3. Grab samples were
obtained and analyzed at concentrations of approximately 0.8, 0.08, 0.04 and
0.01 mg/m3. Corresponding RAM voltages were obtained and employed to
calculate chamber concentration. The %RSD for each of these samples was found
to be < 10%, indicating an MLQ less than 10 times lower than the low exposure
chamber concentration (MLQ = 0.01 mg/m3).

During prestart tests (NTP subchronic study) the precision of each RAM
aerosol monitor was estimated from the average %RSD of duplicate voltage
readings obtained during routine RAM calibrations. In the absence of an on-
line standard for the particulate, this estimate must include both the RAM
variability and the variability associated with the generation and delivery
system. Nevertheless, data from the prestart phase of the gallium arsenide
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subchronic study indicated the precision for repeated concentration
measurements ranged from approximately 0 to 12 %RSD. .

Linearity of the RAM monitors was not assumed for the gallium arsenide
aerosol. Either first- or second-order polynomial was applied to the
calibration data from each individual RAM. As mentioned above, the form of
the calibration curve employed was chosen to minimize errors in the prediction
of chamber concentration from RAM voltage data. When second-order equations
were used, care was taken to assure that the instruments were operating on an
upward sloping portion of the response curve. ‘

‘Good collection efficiency has previously been demonstrated by our
laboratory for the collection of aerosols on Gelman A/E glass fiber filters.
The collection efficiency for cadmium oxide particles was investigated
previously during another study (cadmium oxide repeated dose study) using
three different types of filters. These filters include the Gelman A/E glass
fiber filter, the Millipore Type HA filter (0.45 pm) and the Millipore Type AA
filter (0.8 Um). The best collection efficiency was found with the Gelman A/E
glass fiber filters, and these filters were employed for the developmental
toxicity study.

Additional details of test chemical concentration monitoring may be found
in the Test Chemical Concentration Monitoring Section of Appendix A.

7’5 //éj‘f /CZ} <~ ’7/ f Ll‘

J.A7 Dill, Sr. Research Scientist Date
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GALLIUM ARSENIDE

Management Information

CAS NO.: '1303-00-0
MRI REQUEST NO.: 354N
MRI TASK DESIGNATION: BS~-1849
SUBMITTER: National Toxicology Program
TOXICITY STUDY SUPPORTED: Carcinogenesis
MRI RECEIPT DATE: 10/13/86 (date micronized material was homogenized)
INTERIM REPORT TO NTP: Prelimipary written report, 11/5/86
SUPPLIER DATA:
Company: Johnson Matthey, Inc.
Eagles Landing
P.0. Box 1087
Seabrook, NH 03874
Purchase Order Date: Batch 01 = 8/12/85, Batch 02 = 6/5/86
MRI Assigned Lot No.: M100386 ‘
MRI Batch No.: 04
Amount Available for Testing Laboratory: ~ 21.5 kg in 1 x 5-gal.
metal can '
Purity Grade: Not available
Manufacturer Specifications: Batch 01 = 99.99%, Batch 02 = 99.9999%
Typical Lot Analysis: Not available
Actual Lot Analysis: Not available ‘

.éhemical Information

MOLECULAR FORMULA: GaAs
MOLECULAR WEIGHT: 144.64
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EXECUTIVE SUMMARY

This batch of chemical was identified as gallium arsenide. Cumu-
lative analytical data indicated a purity of approximately 98%. These con-
clusions were based on the following information: :

The elemental analysis results for arsenic agreed with theoretical
values; however, the results for gallium were low. These results identified
the material as gallium arsenide with no significant amount of the oxide
present. Elemental analysis Ior carbon and hydrogen indicated that there
are no organic impurities present.' Spark source mass spectrometry indi-
cated the following impurities present at levels greater than 100 ppm:
iron, 140 ppm; silicon, 320 ppm; aluminum, 950 ppm; and magnesium, 160 ppm.
All other impurities detected by spark source mass spectrometry totaled
less than 180 ppm.

Weight loss on drying indicated 0.02 * 0.01(s)% water. Chelometric
titration indicated a purity of 98 * 1(s)%. :

Bulk chemical protocols for the toxicology laboratory are included
in this report. These protocols are based on infrared spectroscopy and
chelometric titratiorn.
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STANDARD ANALYSIS NEW REPORT - CHEMICAL CHARACTERIZATION OF GALLIUM ARSENIDE

I. INTRODUCTION

The purpose of this work was to provide chemical support for tox-
icity studies. This support consisted of chemical analyses and development
of protocols for the toxicology laboratory. These analyses and protocols
are described in this report.

II. CHEMICAL HANDLING

This section describes procedures used to size, homogenize, and
store the material after receipt at MRI.

A. PARTICLE SIZE REDUCTION

‘ The particle size of the material was initially reduced using a
ball mill, followed by micromizing. The final particle size was determined
to be ~ 1 um by transmitted light microscopy.

B. HOMOGENIZATION

After micronizing, Batch 04 of gallium arsenide was manually mixed
and tumbled for approximately 5 min. :

C. STORAGE

i .
. After homogenization, the dark gray powder was transferred to one
‘5-gal. metal can, and stored at ambient temperature,

ITI. CHEMICAL STUDIES

This section contains the results of identity confirmation and
purity analyses for the sample of gallium arsemnide.

A. CHEMICAL CHARACTERIZATION

This section contains a description of physical appearance, and
the results of elemental analysis, weight loss on drying, and titration,
used to evaluate the purity of the sample.

1. APPEARANCE

Dark gray to black, finely powdered solid,
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2. ELEMENTAL ANALYSIS

Element “Ga As C H

Theoretical % (T) 48.20 51.80 - -

Determined % (D) 47.76 51.79 < 0.05 < 0.05
47.19 51.57 < 0.05 < 0.05
47.23

Dif;erence from Theoretical -~0.81 -0.12 +0.05 +0.05

(D-T)
Relative Agreement (%) 98.3 99.8 - -

(D=/T)

3. SPARK SOURCE MASS SPECTROMETRY

Elemental Concentrations in Parts Per Million bv Weighta

Elemént
Uranium
Thoriuw
Bismuth
Lead i
Thalliu;
Mercury
Gold
Platinum
Iridium
Osmium

h .enium
Tungsten
Tantalum
Heinium

Lutetium

ppm
0.1
<0.11

< 0.40

<0.22

< 0.42

< 0.1

Element
Terbium
Gadolinium
Europium
Samarium

Neodymium

Praseodymium

Cerium
Lanthanum
Barium
Cesium
Iodine
Tellurium
timeoy

Tin

Indium

Ppm

<

<

[ A

IA

i~

0.

1

.1

.14

.43

.11

Element
Ruthenium
Molybdenum
Niobium
Zirconiun
Yttrium
Strontium
Rubidium
Bromine
Selenium
Arsenic
Germanium
Gallium
Zinc
Copper

Nickel

Epm
<0.1

6.8

A
w
~!

.20

A
O

< 0.1
Maj
< 0.1
Haj

0.22

to
[ 2

Vanadium
Titanium
Scandium
Calcium
Potassium
Chlorine
Sulfur
Phosphorus
Silicon
Aluminum
Magnesium
Sodium
Fluorine
Oxygen

Nitrogen



Element ppm Element ppm Element ~  ppm Element ppm
O‘ Ytterbium < 0.18 Cadmium 0.47 Cobalt: 0.29 Carbon NR
Thulium < 0.1  Silver <0.1 Iron 140 Boron 1.1
Erbium <0.12 Palladium <0.1 Manganese 2.5 Beryllium < 0.1
Holmium < 0.1 Rhodium <0.1 Chromium 37 Lithium 3.2

Dysprosium < 0.1

a When operated in the multielement mode, spark source mass spectrometry is a semiquanti-
tative method. '

b NR = not reported.

IS internal standard.

d S = instrument source.

n

4. WATER ANALYSIS

Method: Weight loss on drying at 120°C for ~ 21 hrs
Results: 0.02 % 0.01(s)% (n = 3)

5. CHELOMETRIC TITRATION

, ‘ Procedure: Aliquots of a volumetric solution of the sample in 50%
aqueous nitric acid were buffered to pH 3.5-4.0 and 0.02 M EDTA was added.
' The excess EDTA was titrated with 0.02 M zinc sulfate to a potentiometric
endpoint. The titration was monitored with a combination silver electrode
‘amalgamated with mercury and filled with aqueous saturated potassium nitrate.

Results: 98 % 1(s)% (o = &)

6. SUMMARY AND DISCUSSION

The sample was identified as gallium arsenide by elemental analy-
sis. EIlemental analysis results for arsenic agreed with theoretical values;
however, the results for gallium were low. The results indicated that there
was no significant amount of gallium oxide present; if the oxide were present,
the Ga content would be higher than theoretical. Elemental analysis also
indicated that carbon and hydrogen were each present at a2 concentration of
less than 0.05%, indicating that there are no organic impurities present.
Spark source mass spectrometry indicated the following impurities present
at levels greater thazn 100 ppm: iron, 140 ppm; silicon, 320 ppm; zluminum,
€50 pom; and magnesium, 160 ppm. A1l other impucities detected by spack
scurce mass spectrometry totaled less than 180 ppm. weight loss on érying
for approximately 21 hr at 120°C indicated 0.02 % 0.01(s)% water.

Chelometric titration indicated a purity of 98 % i(s)%.



7. CONCLUSION

The sample was identified as gallium arsenide. Cumulative data
indicated a purity of approximately 98% for this batch of chemical.

B. ACCELERATED STABILITY STUDY

Results of an accelerated stability study for gallium arsenide
will be submitted as a supplemental report.

IV. PROTOCOLS FOR THE TOXICOLOGY LABORATORY

This section contains chemical handling and bulk chemical protocols
for the toxicology laboratory. ‘

A. CHEMICAL HANDLING PROTOCOLS

Chemical handling protocols are described in the NTP Health and
Safetv Package for Gallium Arsenide and should be consulted for safety and
emergency procedures in handling this chemical, as well as pertinent chemi-
cal properties.

DISCLAIMER

The information contained therein is based on data from
currevt published literature and is believed to be accurate. However,
no warranty is expressed or implied regarding the accuracy of these
data or the results to be obtained from the use thereof.

B. BULK CHEMICAL PROTOCOLS

This section contains protocols to be followed upon receipt of
the bulk chemical, for initial confirmation of identity and purity, and for
subsequent analyses of the bulk chemical during storage at the toxicology
laboratory.

i. RECEIPT OF BULK CHEMICAL

a. Removal and Storage of Reference Material

When the bulk chemical is received, remove 2~g portions for
each subsequent analysis. Place each sample in an appropriately labeled
glass vizl eguipped with a Teflion@-lineZ screwcap, cap the vial with an
ine=t bheadspace, then tightly clese ané sezl the vial, and store at -20°C.
Use this matewial in subsequert azalvses, at intervals specified by the XNTP,
to replace the reference standard initially supplied by MRI.




b. Bulk Chemical Storage

Store the bulk chemical at room temperature (~25°C) under an
inert atmosphere and protected from light.

2. CONFIRMATION OF IDENTITY AND PURITY OF BULK CHEMICAL

Determine whether the bLulk chemical received by the toxicology
laboratory is identical to that analyzed by MRI. Confirm the identity and
purity of the bulk chemical as soon after receipt as practical, using ele-
mental analysis and chelometric titratiom (pp. 5-11). These analyses re-
quire the concomitant analysis of a frozen reference standard supplied by
MRI (shipped under separate cover).

Upon receipt, carefully inspect the standard supplied by MRI
and store at -20°C prior to analysis. In case of damage to the standard,
or if the shipping container does not contain dry ice, notify MRI.* Use
this standard only for confirmatory identity and purity analyses upon re-
ceipt of the bulk chemical. Subsequent purity analyses (p. 11) require
the use of reference material removed by the toxicology laboratory upon
receipt of the bulk chemical. ‘

a. Jdentitv Confirmation bv Elemental Analvsis

The basis of this analysis is confirmation of the identity of
the bulk chemical from the results of elemental analysis for gallium and
arsenic.

(1) Analyze duplicate samples of the bulk chemical and
reference standard for gallium and arsenic.

These analyses may be performed by the toxicology lab-
oratory or an independent laboratory. If an independent laboratory does
the analysis, it is the responsibility of the toxicology laboratory to
verify the quality assurance compliance of that laboratory. However, the
quality assurance compliance of the following laboratory has already been
verified by MRI:

Galbraith Laboratories, Inc.™
P.0. Box 4187

2323 Sycamore Drive

Rpoxville, TN 37921

Paope: (615) 346-1335

&

(2) Compare the results of
8

elemental amalvsis with
the theoretical vzlues as follows: gallium, 48. 2

senic, 51.8C%.

3]

Steven Graves.
ch sample; approximately 3 weeks arc required to receive
se analyvses,

5
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b. Puritv Analvsis bv Chelcmetric Titration

The basis of this analysis is the chelation of gallium with
ethylenedlamlnetetraacetlc acid (EDTA). The sample is buffered at pH 3.5-
4.0 and the excess EDTA is titrated with 0.02 M zinc sulfate to a potentio-
metric endpoint. The titration is monitored with a combinatioa silver
electrode almagamated with mercury and filled with aqueous saturated po-
tassium nitrate. ‘

(1) Preparation of Equipment

Note: All water used in this analysxs should be deion-
ized unless otherwise specified.

(a) Glassware cleaning: Wash all glassware for
this analysxs in the following manner.

CAUTION: Do not use dichromate cleaning solutioms,
as indicator-blocking metal contamination may result, even after rinsing.

(1) Wet all internal glassware surfaces with
10% (v/v) nitric acid. (Caution: 10% nitric acid is corrosive; use appro-
priate personal protection.)

(ii) Rinse well with tested deionized water
(water test below).

(b) Water test: Test deionized water source by
the following method to insure that the water does not contairn interfering
substances.

(i) To 50 mL of water in a 150-mL Erlenmever
flask add 0.5 mL of pH 10 ammoniacal buffer [see step (2)(d), on p. 7] and
a pinch* of Eriochrome Black T indicator [see step (2)(h), p. 8].

(i1) If the color of the solution ic pure
blue (not red or purple). The water is free from interfering metal ions
and may be used in the analysis.

(iii) If the color is not pure blue, add
0.02 M EDTA solution dropwise. If only one drop of 0.02 M EDTA is required
to turn the solution pure blue, no significant interference should be exper-
ienced in the anpalyesis.

(c¢) Test for corntaminanpts: - &I apy time the
adéition of one drep of C.02 ¥ Z3TA coes nct cischarge the red or purtle
color, the water or reagents contailn intolerable amourmts of metal ions.
To determine which solution corntairs the metazl ions ceootizne The ta2st as
follows:

i;nl et indicator to produce a readily observable color change (red

lue).

W
w
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(i) To the blue solution [from step (b)(iii)
of Water test, p. 6], add an additional 50 mL of the water being tested.
If the color becomes red, the interfering ions are entering via the water
and new water should be tested.

(ii) If the solution prepared in step (b)(i)
of the Water test, p. 6, 1s red or purple and does not turn blue with the
addition of one drop of 0.02 M EDTA, continue adding 0.02 M EDTA dropwise
until the red color just disappears. Add 2 mL of the pH 10 buffer. If the
color turns red at this point, the buffer contains intolerable impurities
and new buffer should be prepared using a different source of water or buf-
fer reagents.

(2) Preparation of Reagents

(a) 0.02 M EDTA Solution: Accurately weigh approxi-
mately 7.6 g ACS grade disodium dihydrogen ethylenediaminetetraacetic acid
into a 1-L volumetric flask and dilute to volume with water. Mix well to
insure complete dissolution, then transfer the solution with minimal delay
to a polyethylene bottle.

‘ (b) 0.02 M Zinc Sulfate: Accurately weigh approxi-
mately 5.8 g of ZnSO4 * 7 H0 into a 1-L volumetric flask and dilute to vol-
ume with water. Shake well to mix and transfer the solution to a polyethy-
lene bottle. '

(¢) pH 6 Ammonium Acetate:Acetic Acid Buffer:
Weigh approximately 100 g of ammonium acetate into a 200-mL volumetric
flask, then dissolve and dilute to volume with water. Shake well to mix.
‘Transfer the ammonium acetate solution to a polyethylene bottle and add
10-ml of glacial acetic acid. Swirl the solution to mix.

(d) pH 10 Ammonium Nitrate:Ammonium Hvdroxide
Buffer: Weigh approximately 10.5 g of ammon-
ium pitrate into a 100-mlL volumetric flask. Add 57 ml of concentrated ammon-
ium hydroxide and dilute to volume with water. Shake well to mix. Store
in a polyethylene bottle.

(e) pE 4.6 Sodium Acetate:dcetic Acid Buffer

Solution A - 0.2 M Acetic Acid: Dilute 3 mL of
glacial acetic acid to 250 ml with water. Caution: Add water slowly,
allowing mixture to cool before diluting to volume.

-~

Solution B - 0.2 M Sodium Acetate (CaE:CoNa-3H50):
Dissolve €.B g cof sociim acezate ip water and dilute o 250 mi with water.

To prepare buffer, mix 127 mL of Sclution A
and 1235 ml of Solutiomn B in a 300-ml volumetr-ic f.ask and dilute Zo volume
with water.



. (£) 50% Nitric Acid: Slowly add 250 mL ¢f concen-
trated nitric acid to 250 mL of water. Caution: The solution will be very
hot. Cool before use.

(g) 1.0 N Nitric Acid: Place ~ 75 mL of water
into a 100-mL volumetric flask, then add 6.4 mL of concentrated nitric acid.
Caution: The solution will be hot. Allow the solution to cool and dilute
to volume with water.

(h) Eriochrome Black T Indicator: 100 mg of
Eriochrome Black T and 1 g of potassium chloride mixed and ground to a fine
powder. ‘

(3) Standardization of 0.02 M EDTA with Calcium Carbonate

Note: Titrate at least triplicate samples.
(a) Titration

(i) Dry primary standard calcium carbonate
for 3 hr at 300°C.

(ii) Accurately weigh approximately 35 mg of
dried calcium carbonate into a 250-mlL beaker. Add 6-mL of 1.0 N nitric acid
to dissolve the calcium carbonate. Assure complete solution.*

(i1i) Add 50 mL of water; then pipet 5 mL of
pH 10 buffer into the beaker.
U (iv) Monitor the titration potentiometrically
over the potential range 0 to +700 mV with a combination silver. electode**
amalgamated with mercury and filled with a saturated agueous potassium ni-
trate solution. A 35-mg sample should require about 17 mL of titrant.

Note: To amalgamate the electrode, the silver tip is cleaned so that it is
shiny and then dipped into a small amount of elemental mercury. The excess
mercury is carefully wiped off prior to use.¥

* 1f calcium carbonate does not completely dissolve, add an addiziomal 1 mi

of 1.0 N nitric acid and check the solution for proper pE (pE 10) witk

pH paper after addition of buffer in step (3)(a) (iii), above.

suitable electrode is available from Briixmann Instruments, Co., Divi-

sion of Sybron Corporation, Cantiague Road, Westbury, NY 11590, Cata-~

log No. 20 S2 460-8, Model No. EA 246/6.0404.100. Llectrode cables

are sold separately and the catalog number is dependent on I2e Iype cs

instrument o be used.

+ Solutions to be titrated must be fres c¢f meterials which react with
mercurv(II) or mercury(I) ioms, such as cyanide, sulfide, bromide, anc
large amounts of chloride.

i
>

A.20



(v) Titrate at least duplicate blanks con-
taining 50 mL of water, the volume of 1.0 N nitric acid used to dissolve
the calcium carbopnate, and 5 mL of pH 10 buffer. Determine the validity
of the blank by doubling the volume of water, nitric acid and pH 10 buffer.
If the volume of titrant required for the larger blank is not twice that
observed for the smaller blank, use zero for the blank value in the cal-
culations.

(b) Calculations

(i) Calculate the molarity of the titrant to
four significant figures, using the following formula:

W x LP
A~ B) x 100.09

Molarity = 0

where W = weight of CaCO; (in mg),
LP = label purity of CaCOz (e.g., 99.9% = 0.999),
A = volume of titrant required for CaCOs (in ml), and
B = volume of titrant required for blank (in mL).

(ii) Calculate the average molarity and the
standard deviation to four significant figures. Calculate the relative
standard deviation (RSD, %) to two significant figures.

(4) Standardization of 0.02 M Zirnc Sulfate

(a) Titratiom
i
- (i) Volumetrically pipet a 10-mL aliquot of
the standardized 0.02 M EDTA solution into a 250-ml beaker. Add 7 ml of

pH 4.6 buffer and 40 mL of water and gently swirl the beaker to mix.

(ii) Titrate at least triplicate samples with
the 0.02 M zinc sulfate, using the parameters and electrode system described
in Section IV.B.2.b.(3)(a)(iv), p. €. A 10-mL aliquot of the 0.02 M EDTA
should require about 10 mL of titrant.

(iii) Titrate at least duplicate blanks con-
taining 50 mL of water and 7 ml of pE 4.6 buffier. Detsrmine the validity
of the blank by doubling the volumes of water and buffer. If the volume of
titrant regquired for the larger blank is not twice thzt obtserved for the
smaller blank, use zero for the blank value in the calculatioms.

D
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(b) Calculations

(i) Calculate the molarity of the titrant to .
four significant flgures, using the following formula:

Ml = (“2 X Vz)/(vl - B)

where M; = molarity of the zinc sulfate solution,
Mo = average molarity of the EDTA solution,
B = volume of zinc sulfate required for blank (in mL),
V; = volume of zinc sulfate required for titration (in mL), aud
Vo = volume of the EDTA aliquot taken (in ml).

(ii) Calculate the average molarity and the
standard deviation to four significant figures. Calculate the relative stan-
dard deviation (RSD, %) to two significant figures.

(5) Titration of Gallium Arsenide

~Note: Prepare and titrate at least triplicate sample
solutions of both the bulk chemical and the reference material.

(a) Preparation of Sample Solutions

(i) Accurately weigh approximately 150-200 mg
of gallium arsenide into a 50-mL volumetric flask. Note: The sample is a
finely powdered solid.

(ii) In a hood, carefully rinse any sample .
from the stopper into the volumetric flask, as well as rinsing down the
mouth and neck of the flask, with ~ 10 mL of 50% nitric acid. Extreme
caution should be taken when the nitric acid is added to the gallium
arsenide as nitrous oxide gases are released. Ilush the evolved gases
from the flask with a gentle stream of nitrogen.

(iii) Add an additional 20 mL of 50% nitric
acid and again flush the flask with nitrogen. Place the flask in a soni-
cator for ~ 10 min to insure dissolution of the sample. Dilute to volume
with 50% nitric acid and again flush the flask with nitrogen, if needed.

(b) Titration

(i) Volumetrically pipet a 5-mL aliquot of
each sample solution into individual 250-ml wide-mouth Erlenmeyer flasks,
then add 20 ml of water and 7 mL of pH 6 buffer to eachk solution. Volu-
metrically pipet 20 mL of 0.02 M EDTA into each flask and swirl to mix.

(ii) Titrate samples with the standardized
0.02 M zinc sulfate. Monitor the titration potentiometrically over the
potential range O to +700 mV with the electrode system described in
Section IV.B.2.(3)(a)(iv), p. 8. A 20-mg sample (3-mL aliquot) should
require approximately 11.5 mL of zinc sulfate titrant.

10
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(iii) Titrate at least dupli_.ate blanks con-
taining S mL of 50% nitric acid, 20 mL of water, 7 mlL of p. 6 buffer and
20 mL of 0.02 M EDTA (added with a volumetric pipet).

(c) Calculations

(i) Calculate the purity (%) of the bulk
chemical and reference material to the tenths place using the following
formula: :

Purity (%) = (B - A) x M ; 144.64 x 100

where B = average volume of titrant required for blanks (in mL),
= volume of titrant required for sample (in mL),
= average molarity of the zinc sulfate titrant, and

weight of sample (mg present in 5-mL aliquot).

X >

(ii) Calculate the average purity (%) for both
the bulk chemical and the reference material to the tenths place. Also, cal-
culate the relative standard deviation (RSD, %) for each average to two sig-
nificant figures.

(iii) Calculate the relative purity (%) of
the bulk chemical (i.e., the purity of the bulk chemical divided by the
purity of the reference material) to the tenths place.

3. SUBSEQUENT ANALYSES

' Determine whether the purity of the bulk chemical remains
unchanged during the toxicity study. Use reference material stored at
=20°C (p. 4), in place of the standard supplied by MRI, for comparison to
the stored bulk chemical. For all subsequent analyses, remove a single
vial of the reference material from the freezer approximately 4 hr prior
to analysis. Obtain a sample of the stored bulk chemical. Analyze the
two samples concomitantly so that the two sets of test results can be dir-
ectly compared.

Use the procedures and calculations contained im Section IV.B.2.b
(PP- 6-11) to monitor the purity of the bulk chemical by chelomsr—ic titra~
tion at intervals specified by the NTP during the toxicity study.

11
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V. CONTRIBUTORS

Persopnel contributing to the analysis of gallium arsenide were .
Nancy Cameron, Calvin Patterson, Fay Gottuso, and Nadean Taylor, under the
supervision of Alice Clark, and Mike Cannon.

Chemical Characterization
Linda Siemann
Chemist

Approved:

Lore 4. Garcarnt
Dora W. Arneson, Ph.D.
Principal Investigator

. L. Larwssr

K. M. Stelting, Ph.D.

Director ’
BioOrganic Chemistry Department
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SUPPLEMENTARY REPORT

ACCELERATED STABILITY STUDY FOR GALLIUM ARSENIDE

NIEHS CONTRACT NO. NO1-ES-45060
MRI Project No. 7098-C
MRI Task Designation: SUB-1923

MIDWEST RESEARCH INSTITUTE
425 Volker Boulevard
Kansas City, Missouri 64110

February 5, 1987
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&ALLIUM ARSENIDE

Management Information !

CAS NO.: 1303-00-0

MRI REQUEST NO.: 354N

MRI TASK DESIGNATION: SUB-1923
SUBMITTER: National To#icology Program
TOXICITY STUDY SUPPORTED: Carcinogenesis

MRI RECEIPT DATE: 10/13/86 (date micronized material was homogenized)
INTERIM REPORT TO NTP: Preliminary written report, 11/5/86; standard

analysis new report, 12/11/86
SUPPLIER DATA: |

Compaay: Johnson Matthey, Inc.

Eagles Landing

Post Offiice Box 1087

Seabrook, NH C3874 ‘
Purchase Order Date: Batch 01 = 8/12/85, Batch 02 = 6/5/86
Company Lot No.: M100386
MRI TZatch No.: 04

Amount Available for Testing Laboratory: ~ 21.5 kg in 1 x 5-gal

metal can
Purity Grade: Not available

Manufacturer Specifications: Batch 01 = 99.99%, Batch 02 = 99.9999%

Typical Lot Analysis: Not available
Actual Lot Analysis: Not available

Chemical Information

MOLECULAR FORMULA: GaAs
MOLECULAR WEIGHT: 144.64
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EXECUTIVE SUMMARY

The results of an accelerated stability study, monitored by
chelometric titration, indicated that gallium arsenide is stable as the
bulk chemical when stored, protected from light, for two weeks at
temperatures up to 60°C.
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SUPPLEMENTARY REPORT--ACCELERATED STABILITY STUDY FOR GALLIUM ARSENIDE

I. INTRODUCTION

The purposé of this work was to provide chemical support for
toxicity studies. This support consisted of an accelerated stability study
for gallium arsenide, described in this report.

II. ANALYSIS
A. PROCEDURES

Samples of gallium arsenide were stored for two weeks at tempera-
tures of -20, 5, 25, and 60°C in amber septum vials (Teflon®-lined septa).

Samples from each temperature were analyzed by chelometric titra-
tion. Volumetric solutions were prepared using 50% aqueous nitric acid.
An aliquot of each solution was buffered to pH 3.5-4.0 and 0.02 M ethyl-
enediaminetetraacetic acid, disodium salt dihydrate (EDTA) was added.
The excess EDTA was titrated with 0.02 M zinc sulfate to a potentiometric
endpoint. The titration was mcnitored with a combination silver electrode
amalgamated with mercury and filled with saturated aqueous potassium
nitrate.

The gallium arsenide content (%) was calculated for samples stored
at each temperature. The content of the samples stored at 5, 25, and 60°C
was compared to the content of the sample stored at -20°C.

B. RESULTS

The results of the accelerated stability study of gallium arsenide
are tabulated below.

Storage Gallium Arsenide Content?
Temperature (% of -20°C Sample)
-20°C 100 £ 2 (s) (m=05)
5°C 99 2 4 (s) (n=2)
25°C 101 £ 2 (s) (mn=2)
60°C 10021 (s) (n=2)

Pooled standard daviation = 2%.
C. CONCLUSIONS

Gallium arsenide is stable, within experimental error, when stored
as the bulk chemical for two weeks, protected from light, at temperatures
up to 60°C. Based on the pooled standard deviation of the determined values,
a minjumum of 4% loss was required to conclude, at the 95% confidence level,
that gallium arsenide was unstable.

1
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II7. CONTRIBUTORS

Nancy Cameron performed this analysis of gallium arsenide.

Approved:

Dora W. Arneson, Ph.D.
Principal Investigator
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K. M. Stelting, Ph.D.
Director
BioOrganic Chemistry Department
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REVISED* ANALYSIS OF REPROCURED GALLIUM ARSENIDE
AND REVISED BULK CHEMICAL PROTOCOLS

NIEHS CONTRACT NO. NO1-ES~45060
MRI Project No. 7098-C
- MRI Task Designation: RE-2178

MIDWEST RESEARCH INSTITUTZ
425 Volker Boulevard
Kansas City, Missouri 64110

October 26, 1928

= Revision of RE-2178, Analysis of Reprocured Gallium Arsenide and Revised
Bulk Chemical Protocols, dated Octoper 19, 1S988.
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GALLIUM ARSENIDE

Management Information

CAS NO.: 1303-00-0
MRI REQUEST NO.: 354N
MRI TASK DESIGNATION: RE-2178
SUBMITTER: National Toxicology Program
TOXICITY STUDY SUPPORTED: Carcinogenesis
MRI RECEIPT DATE: 5/19/88
INTERIM REPORT TO NTP: None
SUPPLIER DATA:
Company: Not available
Company Lot No.: None
MRI Assigned Lot No.: M051988
MRI Batch No.: 06
Amount Available for Toxicology Laboratory: =~ 37.6 kg; ~ 5 kg in
seven glass bottles and 32.6 kg in one x 10-gal metal can
Purity Grade: Not available
Manufacturer Specifications: Not available
Typical Lot Analysis: Not available
Actual Lot Analysis: Not available

Chemical Information

._ MOLECULAR FORMULA: GaAs
MOLECULAR WEIGHT: 144.64
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EXECUTIVE SUMMARY

This batch (Batch No. 06) of chemical was identified as galljum
arsenide. The cumulative analytical data indicated a purity of greater than
98%. These conclusions are based on the following information:

The elemental analysis results for gallium agreed with theoretical
values; however, the results for arsenic were slightly high. Elemental
analysis for carbon and hydrogen indicated that no organic impurities were
present. Spark source mass spectrometry indicated gallium and arsenic as the
ma jor components, with no impurities greater than 100 ppm observed. A1l other

impurities detected by spark source mass spectrometry tota]ed less than
170 ppm. :

Weight loss on drying indicated 0.04 + 0.01(s)% volatiles. .
Chelometric titration indicated a purity of 99 + 1(s)%.

This report also contains revised bulk chemical protocols for the
toxicology laboratory. The protocols of the titration procedure were modified
by increasing the pH to improve endpoint detection.

This report is revised to correct normalities in the revised
protocols for the titration of gallium arsenide.
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ANALYSTS OF REPROCURED GALLIUM ARSENIDE AND REVISED BULK CHEMICAL PROTOCOLS

I. INTRODUCTION

The purpose of this work was to provide chemical support for
toxicity studies. This support consisted of chemical analyses of reprocured

material and revision of the bulk chemical protocols, as described in this
report.

II. CHEMICAL HANDLING

This section describes procedures used to size, homogenize, and
store the material after receipt at MRI.

A. PARTICLE SIZE REDUCTION

The particle size of Batch No. 04 and Batch No. 05 was reduced using
a ball mill followed by micronizing. The final particle size was determined
to be - 1 uym for Batch No. 04! and -~ 4 um for Batch No. 05 by transmitted
light microscopy. Batch No. 06 was prepared by combining Batch No. 04 and
Batch No. 05; no particle size reduction was performed on Batch No. 06.

B. HOMOGENIZATION

Batch No. 06 of gallium arsenide was homogenized by mixing Batch ‘
No. 04 and Batch No. 05 in double plastic bags, followed by manual kneading
and tumbling for approximately 15 min.

C. STORAGE

After homogenization, - § kg of gallium arsenide was repackaged into
seven amber glass bottles with Teflon®-T1ined 1ids, and 32.6 kg was repackaged
into one double-plastic-lined 10-gal metal can. The seven amber glass bottles

were shipped immediately, and the 10-gal metal can was stored at ambient
temperature (- 25°C).

1 MRI Standard Analysis New Report: Chemical Characterization of Gallium
Arsenide (Lot No. M100386, Batch No. 04), MRI Task Designation: BS-1849,
December 11, 1986. .
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I1I. CHEMICAL CHARACTERIZATION

This section contains the results of elemental analysis, spark
source mass spectrometry, weight loss on drying, and titration used to
evaluate the purity of the sample of gallium arsenide.

A. APPEARANCE

Dark gray to black, finely powdered solid.
B. ELEMENTAL ANALYSIS

Element Ga As o H
Theoretical % (T) 48.20 51.80 - -
Determined % (D) 48.09 52.78 0.04 < 0.05
48.09 52.7% 0.05 < 0.05
- 52.37
£3.18
Difference from Theoretical -0.11 0.97 - -
(8-T) |
Relative agreement (%) 99.77 101.9 - -
(D/T)
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C.

Element

Uranium
Thorium
Bismuth
Lead
Thallium
Mercury
Gold
Platinum
Iridium
Osmium
Rhenium
Tungsten
Taztalum
Hafnium
Lutetium
Ytterbium
Thulium
Erbium
Holmium

SPARK SOURCE MASS SPECTROMETRY

ELEMENTAL CONCENTRATIONS IN PARTS PER MILLION BY WEIGHT?

pem

A A A A

A A A A A A A A

A

A

<

0.27
0.55
0.40
0.27
0.1
NRP
0.1
0.1
0.1
0.1
Is¢
0.35
5
0.89
0.1
0.45
0.1
0.34
0.1

Dysprosium < 0.16

Element

Terbium
Gadolinium
Europium
Samarium
Neodymium

Praseodymium

Cerium
Lanthanum
Barium
Cesium
[odine
Tellurium
Ant imony
Tin
Indfum
Cadmium
Silver
Palladium
Rhod 1um

o"aon o

ppm

A

A A IA A A A

A A A A

A

A

0.1

0.21

0.12

0.16
0.34
a.1(INT)®
0.1

0.1

0.15

0.1
0.16
0.1
0.12
0.1
IS
0.17
0.1
0.1
0.1
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Element

Ruthenium
Molybdenum
Niobium
Zirconium
Yttrium
Strontium
Rubidium
Bromine
Selenium
Arsenic
Germanium
Gallium
Zinc
Copper
Nickel
Cobalt
Iron
Manganese
Chromium

pem

< 0.1
9.1
< 1.8(INT)
0.36
1.1(INT)
0.72
0.1
0.39
<0.16
MaJj
< 0.15
MaJ
< 0.13
0.74
13
0.19
31
1.9
28

A A WA A

Element

Vanadium
Titanium
Scandium
Calcium
Potassium
Chlorine
Sulfur
Phosphorus
Silicon
Aluminum

Magnesium

Sodium
Fluorine
Oxygen

~ Nitrogen

Carbon
Boron
Beryllium
Lithium

When cperated in the multielement mode, spark source mass spectrometry 1is
a semiguantitative method.

NR = not reported.

IS = internal standard.

S = instrument source.

INT = interference by a major compoment spectrum.

ppm

3.7
3.2
0.63
1.4
0.52
26
12

A

A

18
0.68
NR

w @
NR
0.54

0.1
0.1

A

A



D. WEIGHT LOSS ON DRYING

Method: Samples, dried to constant weight at 120°C (16.5 h)
Results: 0.04 £ 0.01(s)% (n = 3)
E. CHELOMETRIC TITRATION

Procedure: Aliquots of a volumetric solution of the sample in
50% aqueous nitric acid were buffered to pH 6.0, and 0.02 M EDTA
was added. The excess EDTA was titrated with 0.02 M zinc sulfate
to a potentiometric endpoint. The titration was monitored with a
silver electrode amalgamated with mercury and filled with aqueous
saturated potassium nitrate.

Result: 99 £ 1(s)% (n = 3)
F. SUMMARY AND DISCUSSION

The elemental analysis results for gallium agreed with theoretical
values; however, the results for arsenic were siightly high. Elemental
analysis for carbon and hydrogen indicated that no organic impurities were
present. Spark sourte mass spectrometry indicated gallium and arsenic as the
major components, with no impurities greater than 100 ppm observed. A1l other

impurities detected by spark source mass spectrometry totaled less than
170 ppm.

s)% volatiles.

'Ne1ght loss on drying indicated 0.04 * ?.O%é
: L]

Chelometric titration indicated a purity of 99 (s

The following table compares the results for this analysis of Batch
No. 06 to the previous analysis of Batch No. 04.

Batch No. 041 Batch No. 06
 Weight loss 0.02 + ..01(s)¥% 0.04 + 0.01(s)%
on drying
Titration 98 + 1(s)% 99 *+ 1(s)%

G. CONCLUSION

This batch of chemical was identified as gallium arsenide. The
combined analytical data indicated a purity of greater than 98%, which is
comparable to that obtained for Batch No. 04.
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[V. REVISED PROTOCOLS FOR THE TOXICOLOGY LABORATORY

This section contains chemical handling and bulk chemical protocols
for the toxicology laboratory.

A. CHEMICAL HANDLING PROTOCOLS

Chemical handling protocnls are described in the NTP Health and
Safety Package for Gallium Arsenide and should be consulted for safety and
emergency procedures in handling this chemical, as well as pertinent chemical
properties.

DISCLAIMER

The information contained therein {s based on data from
current published literature and 1s believed to be accurate.
However, no warranty is expressed or implied regarding the
accuracy of these data or the results to be obtained from the use
thereof.

B. BULK CHEMICAL PROTOCOLS

This section contains protocols to be followed upon receipt of the
bulk chemical, for initial confirmation of identity and purity, and for
subsequent analyses of the bulk chemical during storage at the toxicology
laboratory.

1. RECEIPT OF BULK CHEMICAL

a. Removal and Storage of Reference Material

When the bulk chemical is received, remove 2-g portions for
each subsequent analysis. Place each sample in an appropriately labeled glass
vial. Cover the sample with an inert gas headspace. Seal tightly with a
Teflon®-1ined screw cap. Store at -20°C. Use this material in subsequent
analyses, at intervals specified by the NTP, to replace the reference standard
initially suppiied by MRI.

b. Bulk Chemical Storage

Store the bulk chemical at ambient temperature (~ 25°C) under
an inert atmosphere and protected from tight.

2. CONFIRMATION OF IDENTITY AND PURITY OF BULK CHEMICAL

Determime wnether the bulk chemical received by the toxicology
laboratory is identical to that analyzed by MRI. Confirm the identity and
purity of the bulk chemical as soon after receipt as practical, using
elemental analysis and chelometric titration (pp. 6-11). These analyses
require the concomitant analysis of a frozen reference standard supplied by
MRI (shipped under separate cover).
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, Upon receipt, carefully inspect the standard supplied by MRI and

. store at -20°C prior to analysis. In case of damage to the standard, or if
the shipping container does not contain dry ice, notify MRI.* Use this stan-
dard only for confirmatory identity and purity analyses upon receipt of the
bulk chemical. Subsequent purity analyses (p. 12) require the use of refer-
ence ma?er1a1 removed by the toxicology laboratory upon receipt of the bulk
chemical.

a. Identity Confirmation by Elemental Analysis

: The basis of this analysis is confirmation of the identity of
the bulk chemical from the results of elemental analysis for gallium and
arsenic.

(1) Analyze duplicate samples of the bulk chemical and
reference stendard for gallium and arsenic.

These analyses may be performed by the toxicology labora-
tory or an independent laboratory. If an independent laboratory does the
analysis, it 1s the responsibility of the toxicology laboratory to verify the
quality assurance compliance of that laboratory. However, the quality assur-
ance compliance of the foilowing laboratory has already been verified by MRI:

Galbraith Laboratories, Inc.**
P.0. Box 4187
2323 Sycamore Orive
‘ Knoxville, TN 37921
Phone: (615) 546-1335

(2) Compare the results of the elemental analysis with
the theoretical values as follows: gallium, 48.20%; arsenic, 51.80%.

b. Purity Analysis by Chelometric Titration

The basis of this analysis is the chelation of gallium with
ethylenediaminetetraacetic acid (EDTA). The sample is adjusted to pH 6.0, and
the excess EDTA is titrated with 0.02 M zinc sulfate to a potentiometric
endpoint. The titration is monitored with a combination silver electrode
amalgamated with mercury and filled with aqueous saturated potassium nitrate.

* o
¥, Steven Graves.

Send 0.5 g of each sample; approximately 3 weeks "re required to receive
. results of these analyses.
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|
(1) Preparation of Eguipwent

Note: A1l water used in this analysis should be deionized
uriless otherwise specified.

(a) Glassware Cleaning: Wash all glassware for this
analysis in the following manner.

CAUTION: Do not use dichromate cleaning solutions,
as indicator-blecking metal contamination may result, even after rinsing.

(1) Wet all internal glassware surfaces with
1.1 M nitric acid. (Cautfon: 1.1 M nitric acid is corrosive; use appropriate
personal protection.)

(11) Rinse well with tested deionized water
(water test below).

(b) Water Test: Test delonized water source by the
following method to ensure that the water does not contain interfering
substances.

(1) To - 50 mL of water in a 150-mL‘Er1enmeyer
flask, pipet 0.5 mL of pH 10 ammoniacal buffer [see step (2)(d), on p. 8] and
- 10 mg of Eriochrome Black T indicator [see step (2)(g), p. 8].

(11) If the color of the solution is pure blue
(not red or purple), the water is free from interfering metal ions and may be
used in the analysis.

(111) If the color is not pure blue, add 0.02 M
EDTA solution dropwise. If only one drop of 0.02 M EDTA is required to turn

the solution pure blue, no significant interference should be experienced in
the analysis.

(iv) If the addition of one drop of 0.02 M EDTA
does not change the red or pyrple color to pure blue, then continue to add ‘
0.02 M EDTA until the red color just disappears.

(v) Add - 50 mL of the water being tested. If
the color becomes red, the interfering ions are entering via the water and new
water should be tested.

(vi) If, after adding 50 mL of the water being
tested, the solution remains blue, then pipet 2 mL of the pH 10 buffer into
the Erlermeyer flask. If the color turns red at this point, the buffer
contains intolerable impurities, and new buffer should be prepared using a
different source of water or buffer reagents.



(2) Preparation of Reagents

(a) 0.02 M EDTA Solution: Accurately weigh approxi-
mately 7.6 g ACS grade disodium dihydrogen ethyleneaiaminetetraacetic acid
dihydrate into a l-L volumetric flask and dilute to volume with water. Mix
well to ensure complete dissolution, then transfer the solution with minimal
delay to a polyethylene bottle.

(b) 0.02 M Zinc Sulfate: Accurately weigh approxi-
mately 5.8 g of ZnSO,*7H,0 into a 1-L volumetric flask and dilute to volume

w1th1water. Shake well to mix and transfer the solution to a polyethylene
bottie.

(c) pH_ 6 Ammonium Acetate:Acetic Acid Buffer: Weigh
approximately 100 g of ammonium acetate into a 200-mL volumetric flask, then
dissolve and dilute to volume with water. Shake well to mix. Transfer the
ammonium acetate solution to a polyethylene bottle and pipet 10 mL of glacial
acetic acid into the solution. Swirl the solution to mix.

(d) pH 10 Ammonium Nitrate:Ammonium Hydroxide
Buffer: Weigh approximately 10,5 g of ammonium nitrate inte a 100-mL volu-
metric flask. Add - 57 mL of concentrated ammonium hydroxide and dilute to
volume with water. Shake well to mix. Store in a polyethylene bottle.

(e) 8 N Nitric Acid: Slowly add -~ 250 mL of concen-
trated nitric acid to ~ 250 mL of water. Caution: The solution will be very
hot. Cool before use.

(f) 1.0 N Nitric Acid: Place - 75 mL of water into
a 100-mL volumetric flask, then pipet 6.4 mL of concentrated nitric acid into
the flask. Caution: The solution will be hot. Allow the solution to cool
and dilute to volume with water.

(g) Eriochrome Black T Indicator: Weigh - 100 mg of
Eriochrome Black T and - 1 g of potassium chloride into a mortar and grind
with a pestle to a fine powder.

(3) Standardization of 0.02 M EDTA with Calcium Carponaie

Note: Titrate at least triplicate samples.
(a) Titration

(1) DOry primary standard calcium carbonate for
3 h at 300°C.

(i1) Accurately weigh approximately 35 mg of
dried calcium carbonate into a 250-mL beaker. Pipet 6 mL of 1.0 N nitric acid
into the beaker to dissolve the calcium carbonate. If calcium carbonate does
not completely dissolve, pipet an additional 1 mL of 1.0 N nitric acid.
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(iii) Add ~ 50 mL of water; then pipet 5 mL of
pH 10 buffer into the beaker. Determine the pH of the solution with pH
paper. If the pH is not 10, adjust with concentrated nitric acid or concen- .
trated ammonium hydroxide as required.

(iv) Monitor the titration potentiometrically
over the potential range 0 to +700 mV with a combination silver eiectrode*
amalgamated with mercury and filled with a saturated agqueous potassium nitrate
solution. A 35-mg sample should require about 17 mL of titrant. Note: To
amalgamate the electrode, the silver tip is cleaned so that it is shiny and
then dipped into a small amount of elemental mercury. The excess mercury is
carefully wiped off prior to use.** 1

(v) Titrate at least duplicate blanks contain-
ing - 50 mL of water, the voiume of 1.0 N nitric acid used to dissolve the
calcium carbonate, and 5 mL of pH 10 buffer. Determine the validity of the
blank by doubling the volume of water, nitric acid, and pH 10 buffer. If the
volume of titrant required for the larger blank is not twice that observed for
the smaller blank, use zero for the blank value in the calculations.

(b) Calculations

(1) Calculate the molarity of the titrant to
four significant figures, using the following formula:

WxLP
A - B) x 100.09 ®

Molarity = 7

where W

weight of CaC0, (in mg),
LP

label purity of CaC0, (e.g., 99.9% = 0.999),
volume of titrant required for CaCO, (in mL), and
volume of titrant required for blank (in mL).

>
N HNE

(i1) Calculate the average molarity and the
standard deviation to four significant figures. Calculate the relative
standard deviation (RSD, %) to two significant figures. ‘

A suitable electrode is available from Brinkmann Instruments, Co., Division
of Sybron Corporation, Cantiague Road, Westbury, NY 11590, Catalog No.
20 92 460-8, Model No. EA 246/6.0404.100. t£lectrode cables are sold

separately, and the catalog number is dependent on the type of instrument
to be used.

** Salutions to be titrated must be free of materials which react with

mercury(II) or mercury(l) ions, such as cyanide, sulfide, bromide, and
large amounts of chloride. ‘ .

~—
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(4) Standardization of 0.02 M Zinc Sulfate

(a) Titration

(i) Pipet a 10-mL aliquot of the standardized
0.02 M EDTA solution into a 250-mL beaker. Pipet 7 mL of pH 6.0 buffer and
40 mL of water into the beaker and gently swirl to mix.

(11) Titrate at least tripiicate samples with
the 0.02 M zinc sulfate, using the parameters and electrode system described
in Section IV.B.2.b.(3)(a)(iv), p. 9. A 10-mL aliguot of the 0.02 M EDTA
should require about 10 mL of titrant.

(111) Titrate at least duplicate blanks con-
taining 50 mL of water and 7 mL of pH 6.0 buffer. Determine the validity of
the blank by doubling the volumes of water and buffer. If the volume of
titrant required for the larger blank is not twice that cbserved for the
smaller blank, use zero for the blank value in the calculations.

(b) Calculations

(1) Calculate the molarity of the titrant to
four significant figures, using the following formula:

My = (M x Va)/(V, - B)

where M, = molarity of the zinc sulfate solution,
M, = average molarity of the EDTA solution,
B = volume ~f zinc sulfate required for blank (in mL),
V, = volume vn zinc sulfate required for titration (in mL), and
V, = volume of EDTA aliquot taken (in mL).

(i1) Calculate the average molarity and the
standard deviation to four significant figures. Calculate the relative stan-
dard deviation (RSD, %) to two significant figures.

(5) Titration of Gallium Arsenide

Note: Preparé and titrate at least triplicate sample
solutions of both the bulk chemical and the reference material.

(a) Preparation of Sample Solutions

(i) Accurately weigh approximately 150 to
200 mg of gallium arsenide into a 50-mL volumetric flask. Note: The sample
is a finely powdered soiid.

(ii) In a hood, carefully rinse any sample from
the stopper into the volumetric flask, as well as rinsing down the mouth and
neck of the flask, with - 10 mL of 8 N nitric acid. Extreme caution should be
taken when the nitric acid is adaed to the qallium arsenide as nitrous oxide

gases are released. Flush tne evolved gases from tne flask witn a genfle
stream of nitrogen.
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(i11) Add - 20 mL more of 8 N nitric acid and
again flush the flask with nitrogen. -Sonicate the flask for - 10 min to
ensure dissolution of the sample. Dilute to volume with 8 N nitric acid and
again flush the flask with nitrogen, if needed.

(b) Titration

(1) Pipet a 5-mL aliquot of each sample solu-
tion into individual 250-mL beakers, then add -~ 20 mL of water and pipet 7 mL
of pH 6 buffer to each solution. Volumetrically pipet 20 mL of 0.02 M EDTA
into each flask and swirl to mix. With stirring, add concentrated ammonium
hydroxide dropwise until the solution reaches a pH of 6.0 as measured by a pH
meter. (Note: Leave pH electrode in solution to prevent sample loss.)

‘ (41) Titrate samples with the standardized
0.02 M zinc sulfate. Monitor the titration potentiometrically over the
potential range O to +700 mV with the electrode system described in Section
IV.B.2.b.(3)(a)(1v), p. 9. A 20-mg sample (5-mL aliquct) should require
approximately 11.5 mL of 2inc sulfate titrant.

(111) Titrate at least duplicate blanks con-
taining 5 mL of 8 N nitric acid, 20 mL of water, 7 mL of pH 6 buffer, 20 mL of
0.02 M EDTA (added with a volumetric pipet), and the volume of concentrated
ammonium hydroxide raequired to adjust the initial pH to 6.0.

(c) Calculations

(1) Calculate the purity (%) of the bulk chemi-
cal and reference material to the tenths place using the following formuia:

Purity (%) = {E=A) x M x 144.64 x_100

where average volume of titrant required for blanks (in mL),
volume of titrant required for sample (in mL),
average molarity of the zinc sulfate titrant, and

weight of sample (mg present in 5-mL aliquot).

EX>m

(1) Calculate the average purity (%) for both
the bulk chemical and the reference material to the tenths place. Also,
calculate the relative standard deviation (RSD, %) for each average to two
significant figures.

(ii1) Calculate the relative purity (%) of the
bulk chemical (i.e., the purity of the bulk chemical divided by the purity of
the reference material) to the temtns place.

11
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3. SUBSEQUENT ANALYSES

Determine whether the purity of the bulk chemical remains unchanged
during the toxicity study. Use reference material stored at -20°C (p. §), in
place of the standard supplied by MRI, for comparison to the stored bulk chem-
ical. For all subsequent analyses, remove a single vial of the reference
material from the freezer approximately 4 h prior to analysis. Obtain a
sample of the stored bulk chemical. Analyze the two samples concomitantly so
that the two sets of test results can be directly compared.

Use the procedures and calculations contained in Section IV.B.2.b

(pp. 6-11) to monitor the purity of the buik chemical by chelometric titration
at intervals specified by the NTP during the toxicity study.

V. CONTRIBUTORS

Personnel contributing to the analysis of gallium arsenide were Kelly
Landes, Tom Pederson, Stan Tippin, and Dan Timmons.

Chemical Characterization

Rz Rere

Steven Graves
Senior Chemist

Approved:

v b, D,
ora W. Arneson, Ph.D.
Principal Investigator
Kathleen M. Stelting, Ph.D.

Director
Bio0rganic Chemistry Department
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Gallium Arsenide Purity Analyses Summary

Date Test Material
06/08/88 BNW 12248-120-1*
10/06,10/88 BNW 12248-123-1*
01/31/89 BNW 12248-123-1%
~ 06/08/89 BNW 12248-123-1*

*Lot No. M051988 Batch 06
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Status
initial
~4 months after initial
~ 8 months after initial

~ 12 months after receipt

Relative

ZPurity
99.9
100.50
99.7
102.6
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.  BULK CHEMICAL ANALYS|S
COMPOUND Gallium Arsenide

CAS# 1303-00-0
BNW LOT# BNW12248-120
SUPPLIER LOT# M051988
RECEIPT DATE 5-20-88
APPEARANCE Finely Powdered, Dk Gray Solid
STORAGE TEMPERATURE ‘ Ambient
ANALYSIS PERIOD - Initial :
ANALYSIS PROCEDURE Method Provided by MRI, Dec 11,1986
SAMPLE ANALYSIS DATE 6-8-88 ‘
REFERENCE SAMPLE BNW12248-118-1
NOTEBOOK REFERENCE BNW12248-125
IDENTITY
Elemental analysis was performed by Galbraith Laboratories, Inc., Knoxville, TN
Percen! Gallum Arsenide.
O£ Ga Oé es 0/ Qaes
Reference Material ~ 48.50 50.45 ©8.95
48.55 50.44 98.99
Bulk Material 48.45 51.66 100.11
48.76 51.68 100.44

Theorelical yield reported by MRI; Ga, 48.20% and As, 51.80%
ASSAY

A chelometric titration (Galliun complexed with ethylenediaminetetraacetic
acid) monitored with a combination silver electrode amalgamated with mercury
to a potentiometric endpoint.

Instrument: Fisher ACCUMET 825 MP
RESULTS Relative % Purity
899.9
Bulk % purity relative to a reference material received from MRI

CONCLUSION

Elemental analysis confirms the idantity of lot BNW 12248-120-1.
Chelometric titrations show this lot to be £9.9% pure compared to a supplied
reference material.

Signature of Technician oA }\.\g\. :??&E‘Um& Date_w\n\s&
| N 0 |\
¢ A ‘ _
Signature of Chemist > /g,/!/@ 4 Date_Y—//~ X7
Y4
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BULK CHEMICAL REANALYSIS
COMPOUND GALUUM ARSENIDE
CAS# 1303-00-0
LOT# BNW 12248-123-1(Vendor Lot No. M051988 MRI Batch 06)
DATE LOT RECEIVED 6-3-88
APPEARANCE Dark gray/black crystalline powder
ANALYSIS PERIOD 4 months after initlal
STORAGE TEMPERATURE  ~25°C
SAMPLE ANALYSIS DATE 10/6,10/88
ANALYSIS PROCEDURE ©B-AC-3A1R-0Q
REFERENCE SAMPLE BNW12248-10-1 #11
NOTEBOOK REFERENCE BNW12248-148
ASSAY:.

Chelometric titration with EDTA monitored to a potentiometric endpolnt with a
combination silver electrode that was amalgamated with mercury was used to

determine the purity of gallium arsenide bulk material relative to a reference
standard.

Instrument: Fisher ACCUMET 825 MP

RESULTS: Average Standard Relative
% Purlty Deviation % Purlty
Bulk Materlal 102.70 0.50
(BNW 12248-123-1)
100.50
Reference Material 102.19 0.71

(BNW 12248-10-1 #11)

CONCLUSION: Chelometric titration shows BNW 12248-123-1 (Vendor Lot No. M051988 MR
Batch 06) to be 100.50% pure relative to a frozen reference standard.

Signature of Technician Q Q.&_-m_%? CALNeres Date_y\uie%
: ! \
Reviewed by % D Date_\1 1=\
& R
Signature of Chemist -/.)C‘,(ﬂ/,f.// Date__[! / ‘//3?
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BULK CHEMICAL REANALYSIS

COMPOUND ¢ GALLIUM ARSENIDE

CAS#: 1303-00-0

LOT#: BNW12248-123-1 (Vendor Lot No.MO51988 MRI Batch 06)
DATE RECEIVED: 6-3-88

APPEARANCE! Dark gray/black crystalline powder

STORAGE TEMPERATURE: ~15+ C

ANALYSIS PERIOD: ~8 months after receipt

ANALYSIS DATE: 1/31/89

ANALYSIS METHOD: @2-AC-3A1R~00

REFERENCE SAMPLE: BNW12376-3-1

NOTEBOOK REFERENCE: = BNW12376-25

4

ASSAY: Chelomet:=ic titration with EDTA monitored to a potentiometric
endpoint with a combination silver electrode amalgamated with
mercyry was used to determine the purity of gallium arsenide bulk
material relative to a reference standard.

Instrument: Fisher ACCUMET 825 MP

RESULTS: Sample Average Standard Relative
Idantity Y Purity Reviation $ Purity
Reference Material
(BNW12376<-3-1) 100.,7 1.7
Bulk Material
(BNW12248-123~1) 100.4 0.6 89.7

CONCLUSION: Chelometsic titration shows BNW12248-123-1 (Vendor Lot No. MOS51988
MRI Batch 06) to be 99.7% pure relative to a frozen reference standard.

;7’ZL:F— J(Z%L
Signarure of Technician ¢ _JL,S;AJ YD oes K< Date_ - 2 /- 87

<l T
e ‘i,«.//w:—wu/ DaIc "f,‘._‘_“/_(?g

Review by £

Signaturs of Chermist ’ﬂ C«:’Qﬂ Daiz o0 - X/ -& 7
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COMPOUND :
CAS#:

LOT#:

DATE RECEIVED:
APPEARANCE:

STORAGE TEMPERATURE:

ANALYSIS PERIOD:
ANALYSIS DATE:
ANALYSIS METHOD:
REFERENCE SAMPLE:
NOTEBOOK REFERENCE:

BULK CHEMICAL REANALYSIS

CALLIUM ARSENIDE

1303-00~-0

BNW12248-123~1 (Vendor Lot No.MO51988 MRI Batch 06)
6~-3-88

Dark gray/black crystalline powder
~20° C

~12 months after receipt

6/8/89

PB~AC-3A1R-Q1

BNW12376-3-5

BNW12376-148

ASSAY: Chelometric titration with EDTA monitored to a potentiometric
endpoint with a combination silver electrode amalgamated with

mercury was used to determine the purity of gallium arsenide bulk

material relative to a reference standard.

Instrument: Fisher ACCUMET 825 MP

RESULTS: Sample Average Standard Relative
Identity 3 Purity Deviation % Purity
Reference Material
(BNW12376-3~5) 96.5 1.5
Bulk Material
(BNW12248-123~1) 99.0 1.4 102.6

CONCLUSION:

Chelometric titration shows BNW12248-123~1 (Vendor Lot No. M0O51988

MRI Batch 06) to be 102.6% pure relative to a frozen reference

standard.

Date, ,7~é-'6w7

Signature of chhnician__ﬁmgia.‘w%rf S
Review by 77 M%

Date 2-&-F¢

Signature of Chemist Qm

Date /— g "%
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Test Chemical Characterization, Storage, and Usage
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I. BULK CHEMICAL
A. Tast Material Recelpt, Storage and Usage
1. Raeceipt

Gallium arsenide manufactured by Johnson Matthey, Inc. (Seabrook, N.H.) was
shipped to BNW from Midwest. Research Institute (MRI). A 32.6 kg shipment of
gallium arsenide BNW Lot Na&. 12248-123 (MRI Lot No. M051988, Batch 06) was
received 6/3/88. A total of 7.4 kg of gallium arsenide was transferred to the
developmental toxicity study from the National Toxicology Program (NTP,
Contract No. NOl-ES-65166) .

Several lots of gallium argenice were rejected prior to accepting the lot of
test material used for thig study. Lots were rejected on the basis of
inappropriate particle sizi or estimated needs for the repeated dose and
subchronic studies. The present lot 1ls composed of a blend of material that
was initially milled at MRI and then returned to MRI to be mixed with
additional gallium arsenide.

2. Storage Conditions

Test material storage and handling procedures are addressed in the BNW
Blohazards Protocol (@B-HS-3S521). The bulk chemical was stored in Room 315 of
the LSL-II building. 1In order to provide more convenient containers for day
to day usage of the bulk chemical, th: 32.6 kg lot of 6/3/88 was subdivided
into 32 oz jars. As recommended by tlie NTP analytical contractor, storage was
at room temperature (~20 °C) under an inert nitrogen atmosphere. Test
material was also protected from direct exposure to light.

3. Usaga

An average of 0.14 kg gallium arsenide was consumed per exposure day. A total
of ~2.8 kg test material was required for the developmental toxicity study
exposures,

4. Transfer Procaeduraes

Gallium arsenide test material was transferred to the exposure generation
system in the expusure system glove box which was located in a restricted
access area. Aliquots of bulk material were transferred from the 32 oz jars
to an exposure usage jar which was maintained with a nitrogen headspace.
After transfer, the 32 oz jars were covered with a nitrogen headspace and
resealed. Test material transfers were made by personnel wearing protectilve
clothing as designated by the BNW Biohazards Protocol (@B-HS-3521).

5. Waste Disposal
Excess used test material was transferred to a labelled container and stored
at LSL-II until it was disposed of by the BNW Waste Management and
Environmental Control Group.

6 . Surplus Disposal
Surplus test material was transferred back to the National Toxicology Program

(NTP, Contract No. NOl-ES-65166) after completion of the developmental
toxicity study.
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II. Chemical Analysis .
A. Analysis at Midwest Research Institute

. Chemical characterization of the gallium arsenide test material was presented
in the October 26, 1988 MKRI report., Bulk chemical (MRI Lot No. M051988, Batch
06) was identified as gallium arsenide. Cumulative analytical data indicated
a purity of greater than 98%,

Elemental analysis results showed good agreement of gallium with theoretical

values. The elemental analysis results for arsenic were high; 52.8% compared
to a theoretical value of 51.8% Organic impurities were found to be absent by
elemental analysis. Spark source mass spectrometry indicated no impurities at
levels greater than 100 ppm, and all impurities totaled less than 170 ppm. '

Weight loss upon drying indicated 0.04 + 0.01% water. Chelometric titration
indicated a purity of 99 it 1%.

B. Stability Studies at Midwest Rasearch 1Instituta

Accelerated stability studies performed by MRI showed the bulk chemical to be
stable for at least two weeks at temperatures up to 60°C.

C. Reanalysis at Battellae Pacific Northwest Laboratorias

The MRI recommended procedure based on the December 11, 1986 MRI report was
implemented as BNW SOP @B~AC-3Al1M. Identity of the bulk chemical was

confirmed during initial analysis by elemental analysis. Subsequent chemical
analyses were performed upon receipt using chelometric titration. Chelometric
titrations performed at BNW within 30 days of the projected start of the ‘
developmental toxicity study show the test material relative purity was

greater than 99%, Test material purity was acceptable for the study exposures.

III. Contributors

XN M 5-3-90

K. H. Stoney, Techmical Specialist Date

A.55 | ®



@

Test Chemical Concentration Monitoring

A.56



I. Test Article Concentration Monitoring
A. Monitoring System Description

Monitoring of gallium arsenide aerosol was accomplished with RAM~1 aerosol
monitors. These devices use a pulsed light-emitting diode in combination with
a silicon detector to sense the light scattered over a forward angle of 45° to
95° by the particles traversing the sensing volume. The instrument responds
to particles in the 0.1 to 20 pum diameter size range.

A schematic of the chamber concentration monitoring system is shown in

Figure A.l1. The sample system used a valve to multiplex one RAM to two
exposure chambers and either the control chamber or the room. Using one
monitor for several chambers is superior to using a single detector for each
chamber because of the ease of maintaining and assuring the calibration of a
limited number of monitors. This arrangement also provided three calibration
points for each RAM: two exposure concentrations and a zero point. The
monitors were connected to the chambers through sample lines designed to
minimize aerosol particle losses due to settling or impaction.

The output of the RAM-1 monitors was automatically read and recorded by an
automated data acquisition and control system. A Hewlett-Packard HP85SB
computer remotely controlled the selection of the correct sample stream and
the acquisition of data from the monitor. The calibration equations applied
to the voltage data supplied by the RAMs were contained in the HP85B. Each
chamber concentration obtained was compared with limit values for the
particular location. If a chamber concentration was beyond control limits,
the HP85B computer would have immediately sent the information to the
executive computer for appropriate action.

Exposure concentrations for the developmental toxicity study were initially
set at 10.0, 37.0, and 75.0 mg/m3. At the beginning of the study, two
additional chambers were maintained at concentrations of 0.1 and 1.0 mg/m3 for
the purpose of chamber monitor calibration. These additional chambers were
initially planned for use in providing a sufficient number of points for
chamber monitor calibration curves, and were not to be used for animal
exposures. However, due to unexpectedly high toxicity in the female mice at
the 75.0 mg/m3 exposure concentration, the exposure concentration range for
male mice was charged to 1.0, 10.0, and 37.0 mg/m® when male mice began
exposure 12 days after the start of the study. Thus, exposure chambers were
maintained at concentrations of 0.1, 1.0, 10.0, 37.0, and 75.0 mg/m3, but the
0.1 mg/m3 chamber was maintained only for calibration purposes.

B. Calibration of the On-Line Monitor

The calibration of the on-line monitors was performed using a method of high
chemical selectivity. The RAM aerosol monitors were calibrated against
chamber concentrations determined from the analysis of filter samples obtained
from the exposure chambers. The samples were collected on 25 mm glass-fiber
filters (Gelman Type A/E) using open-face filter holders. Gallium arsenide
was dissolved from the filters with 20% nitric acid, diluted, and analyzed for
gallium using graphite furnace atomic absorption spectrophotometry (GFAAS).

Anlayses of filter grab samples were performed using a Perkin-Elmer Model
51002 Graphite Furnace Atomic Absorption Spectrophotometer with Zeeman effect
background correction. Instrument and furnace counditions were similar to
those recommended by the instrument manufacturer. Calibration of the GFAAS
was performed by analysis of four calibration standards in the vange from zero
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commercial spectrometric standards. All samples and standards were analyzed
in duplicate. A check standard of 100 Hg/liter gallium (prepared from an NBS
spectrometric gstandard) was analyzed immediately after calibration and after
every 5 samples. If the measured concentration of the check standard was not
within *#10% of the known value, the instrument was recalibrated before further
analyses were performed.

to 250 ug/liter of gallium. Standards were prepared by serial dilution of .

The amount of gallium found by analysis of the filter samples was converted to
the corresponding amount of gallium arsenide and divided by the sample volume
to obtain the chamber concentration in mg/m3. Chamber concentrations
determined from analysis of filter grab samples were correlated with voltage
readings from the RAMs obtained concurrently with grab samples. For each RAM,
a least squares calibration equation was derived from chamber concentrations
and the corresponding RAM voltage data. Either first- or second-order
polynomials were used to construct the calibration equations. The form of the
calibration curve employed was chosen to minimize errors in the prediction of
chamber concentration from RAM voltage data. Representative calibration
curves for each RAM are presented in Figures A.2 through A.4.

C. Verification of RAM Calibration‘

Prior to the start of the developmental toxicity, several chemical specific
calibrations of the RAMs were accomplished using GFAAS. These calibrations
were conducted in animal occupied chambers during the final stages of the
gallium arsenide subchronic study. Additional chemical specific calibrations
were determined during the developmental toxicity study.

chamber concentrations were within 20% of the target exposure concentrations,
filter grab samples were obtained daily from exposure chambers and the amount
of gallium arsenide on each filter was determined gravimetrically. If the
chamber concentration determined from the gravimetric analysis was not within
+20% of the chamber target concentration, chemical specific recalibration
using GFAAS was accomplished.

There was no on-line standard for gallium arsenide aerosol. To ensure that .

Prior to the start of each exposure, the presence of a proper zero reading was
verified for each sampling port for each RAM. Assurance of proper operation
of the RAM-1 monitors throughout each exposure day was further aided by
monitoring either the room or the control chamber with each instrument. This
allowed verification of a constant instrument zero reading throughout the
exposure day.

D. Sensitivity and Specificity
1. Specificity

The RAM-1 monitors are not chemically specific for gallium arsenide. They
respond to the presence of any particulate material within the correct size
range which is sampled from the chamber. They were, however, calibrated by . a
method which possesses a very high chemical specificity. Experience in our
laboratory indicates that the presence of animals contributes little or no
measurable increase in the RAM readings at the chosen target exposure
concentrations.

2. Sensitivity

During prestart testing for the gallium arsenide the minimum detectable limit .
(MDL) was determined for each RAM., (Note: Determinations of MDL, MQL, and -
MLQ were made during the prestart phase of the gallium arsenide subchrcnic
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study, which was accomplished immediately prior to the developmental toxicity
study.) At the end of a generation day, the chamber concentration was allowed
to decay to zero in all chambers. During chamber decay, test material
concentration in the high chamber was measured using the RAM employed to
monitor the low chamber (RAM#3), until a steady state concentration near zero
was achieved. At this point, all three RAMs were allowed to execute their
normal duty cycle, thereby measuring the blank concentration in all chambers
for a period of about 6 hours. This provided between 60-70 readings from each
RAM per day. Data from three days was used for MDL determinations for each
RAM. The value of MDL for each RAM was determined as the average blank plus
three times the standard deviation of the blank, measured as described above.
The average and standard deviation of the blank concentration measurements
were 0.001 (£ 0.007), ~0.001 (+ 0.005), and 0.003 (+0.001) mg gallium
arsenide/m? for RAM#1, RAM#2 and RAM#3, respectively. From these data, the
MDL was calculated to be 0.020, 0.013, and 0.006 mg/m® for RAM#1, RAM#2 and
RAM#3,

The minimum quantifiable limit (MQL) is commonly employed in analytical
chemistry. The MQL is defined as the blank concentration plus 10 times the
standard deviation of the blank. Using the data obtained in the determination
of MDL discussed above, the MQL was determined to be 0.071, 0.049, and

0.013 mg gallium arsenide/m? for RAM#1, RAM#2, and RAM#3, respectively.

The minimum limit of quantitation (MLQ) has been defined as the concentration
at which the %RSD and the relative error of the measurement is *10%. 1In the
absence of an aerosol standard for gallium arsenide, successively lower
concentrations of gallium arsenide were generated in the 0.1 and 1.0 mg/m?
chambers. During this generation period, several readings at each lower
concentration were obtained using RAM#3. Grab samples were obtained and
analyzed at concentrations of approximately 0.8, 0.08, 0.04 and 0.0l mg/m3
Corresponding RAM voltages were obtained and employed to calculate chamber
concentration. The %RSD for each of these samples was found to be <10%,
indicating an MLQ less than 10 times lower than the low exposure chamber
concentration (MLQ = 0.01 mg/m3).

E. Precision, Linearity and Absolute Recovery

During prestart tests (NTP subchronic study) the precision of each RAM aerosol
monitor was estimated from the average %RSD of duplicate voltage readinos
obtained during routine RAM calibrations. In the absence of an on-line
standard for the particulate, this estimate must include both the RaM
variability and the variability associated with the generation and delivery
system. Nevertheless, data from the prestart phase of the gallium arsenide
subchronic study indicated the precision for repeated concentration
measurements ranged from approximately 0 to 12 %RSD.

Linearity of the RAMs was not assumed for the gallium arsenide aerosol.
Either first- or second-order polynomial was applied to the calibration data
from each individual RAM. As mentioned above, the form of the calibratiocn
curve employed was chosen to minimize errors in the prediction of chamber
concentration from RAM voltage data. When second-order equations were used,
care was taken to assure that the instruments were operating on an upward
sloping portion of the response curve.

The calibration scheme employed for this study accounted for any possible
effects of the on-line sample system in that the filter samples obtained from
the chamber were correlated with monitor readings observed while the grab
samples were being obtained. Absolute recovery using the filter sample
collection and analysis methods is discussed below.
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Good collection efficiency has previously been demonstrated by our laboratory
for the collection of aerosols on Gelman A/E glass fiber filters. The

collection efficiency for cadmium oxide particles was investigated previously -

during another study (cadmium oxide repeated dose study) using three different
types of filters. These filters include the Gelman A/E glass fiber filter,
the Millipore Type HA filter (0.45 pum) and the Millipore Type AA filter (0.8
Mm) . The best collection efficiency was found with the Gelman A/E glass fiber
filters.

II. Monitoring for Gallium Arsaenide in Building Exhaust

Measurements of gallium arsenide in the LSL-II building exhaust were
accomplished during the developmental toxicity study to demonstrate
environmental compliance and to demonstrate the effectiveness of the treatment
system for the exposure system. Gallium arsenide in the effluent from the
exposure system is removed by passing the effluent through two series of high
efficiency particulate (HEPA) filters prior to exhausting the effluent.
Samples were collected from the treated exhaust and analyzed for gallium using
GFAAS.

Samples were collected on Teflon-coated, glass-fiber filters using an
isokinetic sampling device. Gallium arsenide was dissolved from the filters
with aqueous nitric acid and the solution analyzed for gallium using GFAAS.

In addition three handling blanks were prepared. These were prepared by
placing the filters in the same holder as used for the samples. The filters
were removed without drawing atmosphere and prepared for GFAAS analysis in the
same fashion as the sample filters.

After blank correction, the amount of gallium determined in the building
exhaust samples was less than the minimum detection limit for GFAAS (2 ug/l).
Consequently, the upper limit for the gallium arsenide concentration in the

building exhaust was found to be less than 1.6 x 1073 mg/m3.

III. Contributors
*zéguz>¥trﬁsaxf“ oS- 390
. Stoney, Techn}cal Specialist Date
¢ Haubes 5.3.90
R. E. Hauber, Chemistry Technician ‘ Date
J . (D0 8/5/ 50
J;fﬁ. Dill, Sr. Research Scientist Date
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FIGURE A.l. Schematic Diagram of the Exposure Chamber On-Line Monitoring System.
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kxample Calibration Curve for RAM #1. This RAM is used to
monitor the 37 mg/m3 chamber and 75 mg/m3 chambers.
(Concentration = 9.866 * Volts + 2.966 * (Volts)? and
Correlation Coefficient = 0.,96)
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GaAs Concentration (mg/m3)

Example Calibration Curve for RAM #2. This RAM is used to
monitor the 10 mg/m3 chamber and 37 mg/m3 (for calibration
purposes only) chambers. (Concentration = 8.12% Volts-0.,281 *
(Volts)? and Correlation Coefficient = 0.97)
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chambers. (Concentration = 0.3267 * Volts and Correlation
Coefficient = 0.998)
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Test Chemical Stability in the Expos‘ure System
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I. Introduction

Test article stabllity in the exposure system was investigated prior to the
start of the developmental toxicity study, during other toxicity studies that
were conducted for the NTP (gallium arsenide repeated dose and subchronic
studies)., Additional investigations of test article stability were carried
out during the first week of the developmental toxicity study. All test
article stability studies accomplished to date are summarized below, and
detalls are provided for the studies accomplished as part of the developmental
toxicity study.

Gallium arsenide undergoes oxidation in the presence of atmospheric oxygen.
However, once a protective oxide surface layer 1s formed, further oxidation of
the material is retarded. The extent of this oxidation was examined in detail
by x-ray photoelectron spectroscopy (XPS) during the gallium arsenide repeated
dose study. These studies indicated that the surface of the test material
contains gallium oxide, arsenic trioxide, and gallium arsenide. The molar
ratio of gallium oxide to gallium arsenide in the surface oxide layer ranged
from approximately 0.24 to 0.30, whereas the molar ratio of arsenic trioxide
to gallium arsenide ranged approximately from 0.18 to 0.25. The XPS analysis
indicated that the oxidation observed was confined to a surface layer depth of
approximately 50 to 100 A.

Although surface oxidation does occur in this test material, the relative
amount of oxidized material is expected to be quite small, and confined to the
outermost surface layers of the material. Any significant oxidation of the
test material (more than 1~2%) would likely be detected using conventional
x-ray powder diffraction analysis. However, in order to gain a more complete
understanding of the nature and extent of this oxidation, additional analyses
were performed prior to the subchronic study, with scanning transmission
electron microscopy (STEM) in the transmission mode using the techniques of
convergent beam electron diffraction (CBED) and selected area diffraction
(SAD) . These analyses showed a shell of polycrystalline material
approximately 50A in thickness around some of the gallium arsenide particles.
This result is supported by previous analyses obtained with x-ray
photoelectron spectroscopy, which indicated a surface layer containing
significant quantities of gallium and arsenic oxides with a layer thickness of
50-100 A. This result shows that the extent of oxidation is very small, and
is further supported by oxygen measurements using XRF sgpectroscopy (thin
window detector) as described below. Transmission Electron Microscope (TEM)
measurements were not repeated during the developmental toxicity study.

Prior to the subchronic study, the relative concentrations of oxygen, gallium
and arsenic in the test material surface layer using energy dispersive x-ray
fluorescence spectroscopy (XRF) with a thin-window detector. Although small
amounts of oxygen were detected, this analysis indicated that the amount of
oxygen in the test chemical was <0.5% relative to gallium arsenide.

When repeated during the subchronic study, this analysis indicated the
relative amounts of gallium (47.9 * 1.2%) and arsenic (52.1 % 1.2%) were quite
near the theoretical gallium arsenide compoaition (48.2% Ga, 51.8% As).

Oxygen was below the detection limit (<0.5%) for this method of analyais.
These measurements were not repeated for the developmental toxicity study.

Test article stability was investigated using x-ray diffraction analysis (XRD)
to determine the crystalline phases present in samples of gallium arsenide
from the exposure system. XRD has a detection limit for various crystalline
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phases of 1-2% by volume, although this figure can vary somewhat depending on
the amount of material avallable, sample preparation and analysis method, and ‘
interferences due to phase mixtures, XRD ia useful in determining whether

gross changes have ocourred in the test material resulting from reaction with
atmospheric gases such as ocarbon dioxide, oxygen, and water. XRD is also

useful in detecting the introduction of metallic orystalline impurities that

may be result from mechanical abrasion in the generation system.

Analysls of samples from ocoupied and unoccupled exposure chambers and from
exposure generation system were completed as part of the NTP repeated dose and
subchronic studies, Analysis of x-ray diffraction patterns of these samples
indicated only the presence of gallium arsenide. No orystalline phases other
than gallium arsenide were observed in any of the samples analyzed using this
technique. Although other phases were likely present in the surface layer of
the test material (gallium and arsenic oxides), the relative amounts of fhese
phases in the material were smaller than the detection limits for conventional
x~ray diffraction analysis (1-2% by volume). XRD analyses were repeated
during the developmental toxicity study as detcribed below in Section II.

During previous studies, possible contamination of the test article by
materials in the exposure generation system was investigated using x-ray
fluorescence (XRF) spectroscopy and inductively coupled plasma-mass
spectrometry (ICP-MS)., This portion of the stabllity studies was designed to
determine whether metallic impurities were introduced into the generated test
atmosphere by the generatlon system. Gallium arsenide is expected to be quite
stable within the generation system. However, small amounts of metallic
impurities could be introduced into the system as a result of test chemical
generation. The generator contains a number of parts constructed of stainless
steel and brass, and the liner on the Trost mill is constructed of tungsten
carbide. These metallic parts are all subject to abrasion by the mechanical o
action of the dust as it moves through the generator.

Although significant contamination of the generated test article from these
sources 1s not likely, analyses were conducted to demonstrate that such
contamination does not occur. These analyses indicated that the relative
amounts of Ga and As in the collected samples were very close to the
theoretical amounts expected in gallium arsenide. Although, minor amounts of
metallic impurities were detected in samples from the exposure chambers, these
impurities were all present at very low concentrations (<1% by weight),
Analyses for metallic impurities in the exposure generation system were
repeated using XRF analysis during the first week of the developmental
toxicity study as described below in Section II.

II. Exparimental and Results
A, Tast Chemical Identification by X-Ray Diffraction Analysis

To demonstrate that the test article remains unchanged in the exposure system,
samples were collected and analyzed by x-ray diffraction analysis (XRD).

Samples were collected from the occupied 10 and 75 mg/m? chambers, and from

the aerosol distribution line during a 6 hour test generation period. Filter
samples were obtained using a flow sampler to collect galllum arsenide test
material on Millipore Type AA filter discs (25 mm)., Approximately 3.87 mg,

8.97 mg, and 14.5 mg of gallium arsenide were collected from the 10 mg/m3

chamber, the 75 mg/m? chamber, and the distribution line, respectively

(assuming the concentration of gallium arsenide in the distributicon 1line is

225 mg/m3). Samples from the generator reservoir (brush feed hopper) were ‘
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ocollected at the beginning and end of the 6-hour generation period., These
samples and a sample of the bulk test material were submitted for XRD analysis
(BNW 52934 page 24).

Filter samples were out in half and mounted on a glass slide with high vaouum
grease., Generator reservoir and bulk chemical samples (gallium arsenide
powder) were placed on a glass slide with vaocuum grease. Glass slide
substrates were selected to minimize background interferences,

Analyses were conducted on a Phillips 3600 diffraction unit using copper Ko
radiation., The XRD unit was operated at 40 kV and 25 mA. Data was collected
in a step scanning mode using 0,02 degree steps and a count time of 1 second,
through a range of 3 to 80 degrees 20, Prhase ldentification was accomplished
by reference to files from International Centre for Diffraction Data
(ICDD/JCPDS) filea. An example of the gallium arsenide x-ray diffraction
pattern from the distribution line is shown in Figure A.S,

The x-ray diffraction patterns of the chamber samples, generator reservoir
samples, and bulk chemical were entirely consistent with the pattern expected
from gallium arsenide (gallium arsenide, cublg). No indication of crystalline
phases other than gallium arsenide was observed in any of the samples. No
evidence of any oxidized phases such as Gajy03 and As;03 was observed. Thus,

although these oxidized phases have previously been shown to be present using
XPS and TEM analysis, their concentration 1s less than the XRD analyals
detection limit of 1 to 2% by volume.

B. Analysis for Metallic Impurities using X-Ray Fluorescencae
Spectroscopy

Samples were collected and analyzed by energy dispersive x-ray fluorescence
(XRF') spectroscopy. Samples were collected from the unoccupied 10 and 75
mg/m3 chambers, and from the aerosol distribution line during a 6 hour test
generation perlod. Samples were obtained using flow sampler to collect
gallium arsenide test material on Millipore Type FH, polyethylene-backed,
Teflon® filter discs (25 mm). Approximately 1.29 mg, 1.24 mg, and 0.83 mg of
gallium arsenlde were collected from the 10 mg/m? chamber, the 75 mg/m3
chamber, and the distribution line, respectively (assuming the concentration
of gallium arsenide in the distribution line is 225 mg/m3). Samples of from
the generator reservolr (brush feed hopper) were collected at the beginning
and end of the day. A sample of the bulk test material was also submitted for
XRF analysis (BNW 52934 page 23).

Filter samples and samples of gallium arsenide powder were placed between two
thin sheets of Parafilm® and analyzed using energy dispersive x-ray
fluorescence spectroscopy. Sample excitatlion was accomplished using
bremsstrahlung radiation from a tungsten x-ray tube to excite secondary
radiation scurces of titanium, zirconium, silver, and americium. Secondary
source lrradiations were used to excite the samples, Analysea were conducted
using a KEVEX 0810 XRF unit, and a Canberra Serles 80 multichannel analyzer,
Analyses for Ga, As, Fe, Cu, Zn, Cr, Ni, Mn, W and Mo are reported in Table
A.1. The values reported in Table A.l are corrected for the small amounts of
the elements of interest in the fllter material.

In addition to those values reported in Table A.,l1, minor amounts of potassium,
calcium, strontium, and silicon were detected. These elements were observed
only in the samples collected on filters, and are possibly a result of
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variability in the amount of these elements in the filters used for sample
collection., Elevated values for potassium, caleium and silicon may also
result from contamination of the chamber samples by ambilent dust or animal
food particles,

III., Discussion

X-Ray diffraction analysis on samples from the test chemical generation system
indicated that the material was principally galllum arsenide., These results
were in good agreement with analyses obtained during previous studies,
Previous analyses have shown that there is a surface oxide coating (50-100 A
thick) which probably consists of gallium and arsenic oxidea. Analyses by
x~ray fluorescence spectroscopy indicated that the overall extent of oxldation
1s quite small (<0.5%).

Analyses for metallic impurities introduced by the test chemical generation
system indicated the presence of minor amounts of iron, chromium, copper, and
nickel . These impurities were observed in comparable amounts in the test
materlal and were present at concentrations that were <1% by weight. Test
chemical stability and purlty were considered acceptable for the study.

IV. Contributors

0 a. O it YA4N

¥ A. Dill, Sr. Research Scientist Date
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TABLE A.l. Results of Analyses for Impurity Metals by X~Ray Fluorescence
Spectroscopy

Relative Concentratlon (Weight %)

Element 10 mg/m® Chamber 75 mg/m3 _Chamber Distribution Line
Ga 49.0 49.5 49.9
As 50.6 50.2 49.8
Fe | 0.178 0.119 0.146
Cu 0.028 0.030 0.029
Zn <0.021 <0.019 <n.018
Cr <0.077 ©0.032 0.037
Ni 0.041 0.023 0.031
Mn <0.058 <0.,025 <0.023
Mo <0.014 <0.005 <0.005
W <0.085 <0.037 <0.034
‘ Element Generator (Beginning) Generator (End) Bulk Material

Ga 50.4 50.6 53.3
As 49.1 49,1 46.4
Fe 0.348 0.151 0.154
Cu 0.022 0.025 0.031
Zn <0.015 <0.017 <0.014
Cr <0.025 | 0.036 0.034
Ni 0.011 0.015 0.019
Mn <0.019 <0.021 <0.017
Mo <0.004 <N.005 <0.003
W <0.029 <0.034 <0.026

Theoretical values 48.2% Ga, 51.8% As
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I. Chemistry Distribution: Experimental Methods and Results
A. Sample Preparation and Analysis

Weighed tissue samples ranging from approximately 0.1 to 2.0 grams (wet
tissue weight) were placed in a closed, acid digestion vessel (Parr Bomb,
Model 4749) and 1-3 ml of concentrated, ultrapure, nitric acid was added.

Each vessel was sealed and the contents digested in an oven at 110-130°C for
~3 hours. After cooling, the bomb contents were quantitatively transferred to
a volumetric flask and diluted to the appropriate volume with a final acid
strength of ~2% HNO3. If necessary, subsequent dilutions were performed to
produce a final gallium or arsenic concentration in the range from
approximately 10 to 160 ug/l.

Samples were analyzed for gallium and arsenic using a Perkin-Elmer Model
5100 Atomic Absorption Spectrophotometer, with an HGA 600 Graphite Furnace
equipped with Zeeman effect background correction and Model AS-60 Autosampler.
For both gallium and arsenic analysis, the graphite furnace was equipped with
graphite tubes fitted with a sample (L’Vov) platform constructed of pyrolytic
carbon. The furnace heating programs for gallium and arsenic determinations
are shown in Table B.l and Table B.2, respectively. Spectrophotometer
parameters for the analysis of gallium and arsenic are shown in Table B.3 and
Table B.4, respectively.

Sample matrix interferences were attenuated through sample dilution and
the addition of matrix modifier to the graphite furnace immediately prior to
analysis of each sample. Arsenic was determined using a nickel nitrate matrix
modifier containing approximately 16 g/l of nickel nitrate hexahydrate. Ten
Ml of nickel nitrate matrix modifier was added to the graphite furnace
concurrently with 25 pul aliquots of standards and samples. Gallium was
determined using a matrix modifier consisting of a digested blank tissue
sample of approximately the same size as study samples. Ten {1l of matrix
modifier was added to the graphite furnace concurrently with 15 1l aliquots of
standards and samples. Because of relatively high dilution factors used in
their preparation, no significant gallium blank was observed in these matrix
modifier solutions.

Standards were analyzed first to generate a calibration curve, followed
by analysis of samples. Standards were prepared from commercial spectrometric
standards at concentrations of 10, 40, 100, and 160 Mg/l each of Ga and As in
~2% nitric acid solution. A check standard containing 100 ug/l each of Ga and
As was analyzed after calibration and after approximately every five samples.
The analyzed concentration of the check standard was required to be within
+10% of the known value or the instrument was recalibrated. All samples and
standards were analyzed in duplicate.

Zinc determinations were performed by flame atomic absorption
spectrophotometry using a Perkin-Elmer Model 5100-PC Atomic Absorption
Spectrophotometer Model AS-51 Autosampler. Spectrophotometer conditions for
zinc determinations are shown in Table B.5. For analysis of zine in rat and
mouse testes, samples were digested as described above and diluted to give
final solutions that contained ~1% KCl and ~2% HNO3 with a zinc concentration
in the range from approximately 0.1 to 0.9 mg/l. The spectrophotometer was
calibrated using standards of 0.15, ¢.30, 0.45, 0.60, 0.75, and 0.90 mg/1
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IABLE B.1.

Furnace Heating Program for Graphite Furnace Atomic Absorption

Spectrophotometer for Analysis of Gallium in Tissue Samples.

Step Temperature Ramp Time Hold Time Internal Flow?
(°c) (s) (s) (ml/min)

1 150 20 40 300

2 700 10 20 100

4 2200 0 5 ob

5 2600 1 5 300

6 20 1 5 300
aplow rate of internal argon purge (ml/min).

bPatomic absorption measured during this step.

TABLE B.2. Furnace Heating Program for Graphite Furnace Atomic Absorption
Spectrophotometer for Analysis of Arsenic in Tissue Samples.
Step Temperature Ramp Time Hold Time Internal Flow?
(°C) {s) (3) (ml/min)
1 150 20 50 300
2 1500 30 15 100
4 2200 0 6 0P
5 2600 1 5 300
6 20 1 5 300
dFlow rate of internal argon purge (ml/min).

PAtomic absorption measured during this step.

TABLE B.3. Instrument Conditions for Graphite Furnace Atomic Absorption
Spectrophotometer for Analysis of Gallium in Tissue Samples.

Conditions Instrument Settings

Lamp Hollow Cathode

Lamp Current (mA, modulated) 6

Lamp Energy 45-46

Wavelength (nm) 287.4

Slit (nm) 0.7

Read Delay (s) 0

Background Correction (Type) zeeman Effect

Background Offset Correction Time (s) 2

Integration Time (s) 5

Measurement Type Peak Area

Number of Replicates 2

Standard/Sample Volume (Wl) 15

Modifier Volume (H1) 10

Matrix Modifier
Calibration Standards
Calibration Type

Digested Blank Tissue Sample
0, 10, 40, 100, 160 Ug Ga/liter
Non-linear
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‘ TABLE B.4. Instrument Conditions for Graphite Furnace Atomic Absorption
Spectrophotometer for Analysis of Arsenic in Tissue Samples.

Conditions ‘ Instrument Settings

Lamp ‘ Electrode-less Discharge

Lamp Power (Watts, modulated) 7-8

Lamp Energy 60~65

Wavelength (nm) 193.7

Slit (nm) 0.7

Read Delay (s) 0

Background Correction (Type) Zeeman Effect

Background Offset Correction Time (s) 1

Integration Time (s) 6

Measurement Type Peak Area

Number of Replicates 2

Standard/Sample Volume (Ml) 25

Modifier Volume (H1) 10

Matrix Modifier 16 g/liter Nickel Nitrater+6H,0
Calibration Standards 0, 10, 40, 100, 160 Mg As/liter
Calibration Type ‘ Non-linear

" TABLE B.5. Instrument Conditions for Flame Atomic Absorption
Spectrophotometer for Analysis of Zinc in Rat and Mouse Testes.

Conditions Instrument Settings

Lamp Hollow Cathode

Lamp Power (mA, modulated) 15

Lamp Energy 63

Wavelength (nm) 213.9

Slit (nm) 0.7

Read Delay (8) 10

Background Correction (Type) Deuterium Arc Continuum

Integration Time (s) 5

Measurement Type Integrated Absorbance

Matrix Modifier 1% KC1l

Fuel/Oxidizer Acetylene/Air (~1:9 ratio)

Calibration Standards 0, 0.15, 0.3, 0.45, 0.60, 0.75, and
0.9 mg Zn/liter

Number of Replicates 3

Calibration Type Linear




analyzed after every fifth sample, and the instrument was recalibrated if
analysis of this check standard was in error by more than +10%.

zine. In order to detect calibration drift, the 0.6 mg/l standard was ‘

B. Method Performance Evaluations
1. Recovery Studies

The purpose of the method performance evaluation (MPE) is to establish
satisfactory performance of the analytical methods employed for biological
sample analysis. The key elements of this evaluation are to provide
indications of method precision, accuracy, and interferences over the analyte
concentration range expected in actual samples. Because these factors depend
significantly on matrix effects and potential interferences present in the
actual samples, method performance must be demonstrated by analysis of samples
which are representative of the actual samples in terms of total chemical
composition. Consequently, the MPE makes extensive use of analyte
measurements in spiked tissue samples. These measurements allow estimation of
analyte recovery, method precision, and accuracy in samples that are very
similar to biological samples cbtained from test animals.

The concentration range for recovery studies was established by
preliminary analysis of actual tissue samples from the study. These limited
analyges were accomplished using a method which was already sufficiently
developed to provide satisfactory performance over the concentration range
observed in these samples. From the analysis of these samples, the
concentration range for the method performance evaluation was established,

' |
Blank tissues were spiked with various amounts of Ga, As, or Zn and '
digested in Parr bombs with concentrated nitric acid. Spiked tissue samples
were then diluted to volume and analyzed as described above. Spikes were
added via addition of known volume aliquots of aqueous standards. For most
tissues, the mass of the spiked tissue samples varied from approximately 1-2
grams, However, with certain tissues (e.g. uterine contents), sample mass was
approximately 0.1 gram or less. Blank tissue sample mass employed for
recovery studies was chosen to be approximately the same mass as study
samples.

Blank tissue samples were prepared and analyzed in the same manner, excebt
no spikes were added. Most of the blank samples did not show significant
quantities of gallium or arsenic. However, blank blood samples from rats
contained endogenous arsenic at concentrations of approximately 7-15 Mg/g and
testes from both rats and mice contained zinc at concentrations of
approximately 11-15 Hg/g., 1In order to reduce inter-animal variations in the
endogenous amount of arsenic, pooled rat blood samples were used in the
recovery studies. Similarly, blank testes were pooled and homogenized for use
in the recovery studies.

From analysis of spiked tissue samples BNW calculated the percent recovery
according to the following equation.

% recovery = measured Ug element x 100%
spiked pg element

In this equation, messured Ug element is the measured total Hg of gallium or .
arsenic (measured coacentration x total volume) in the spiked tissue samples
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which contained no measurable endogenous amounts of gallium or arsenic. 1In
the above equation for percent recovery, splked Mg element is the total Hg of
gallium or arsenic used in preparing the tissue spikes (based on prepared
concentration of the spiking solution x volume). The above equation was
employed only when correction for endogenous concentration was not required,

For samples in which the blank tissue contained significant amounts of the
element of interest (arsenic in rat blood and zinc in testes), the following
equation for percent recovery was employed. ‘

$ recovery = measured Ug/g element - endogenous Ug/g element x 100%
spiked Hg/g element

In this equation, measured Hg/g element and spiked Ug/g element are the
measured and spiked amounts of the elements of interest and endogenous lg/g
element is the amount concentration of the element present in the blank
samples (determined by analysis of blanks).

Calculated recoveries and percent relative standard deviations (for
replicates) are reported for each tissue spike in Tables B.6 through B.12.
With a few nota.le exceptions, recoveries from most tissues were generally in
the range from 90-110% for Ga, As, and Zn. As shown in Tables B.6 and B.7,
recoveries for gallium and arsenic from whole blood were acceptable, provided
each of these elements was present at a concentration of at least 1 jg/g.
However, when gallium and arsenic concentrations in blood were lower than
approximately 1 Hg/g recoveries were very low and precision was poor. As
shown in Table B.ll, arsenic recovery from testes was consistently low,
showing good precision but a recovery of only ~80%,

2. Minimum Detectable Limit and Minimum Quantifiable Limit

The minimum detectable limit (MDL) was defined as the reagent blank
concentration plus three times the standard deviation of the blank. The
reagent blank contained all reagents employed in the normal preparation of the
samples, with the exception of tissue. Reagent blanks were also analyzed in
the presence of matrix modifier. During the method performance evaluation,
the blank response (absorbance) was measured repeatedly and the response
fact.or (concentration/absorbance) for the lowest standard was used to convert
the measured blank response into concentration units (dg/l). From these data,
the solution detection limit was calculated as the averayge blank concentration
plus three times the standard deviation of the average blank concentration
(Mg/1) . The MDL for tissue analyses was then calculated by multiplying the
solution concentration detection limit (4g/l) by the minimum sample solution
volume (liters). The result is expressed in units of Hg of each element. MDL
values were estimated for each element and tissue type and these values are
reported in Table B,13.

The minimum quantifiable limit (MQL) was defined as the reagent blank
concentration plus ten times the standard deviation of the blank. As
described above, the blank response (absorbance) was measured repeatedly and
the response factor was used to convert the measured blank response into

concentration units (MHg/l). From these data, the solution quantitation limit
was calculated as the blank concentration plus 10 times the standard deviation
of the blank concentration (Mg/l). The MQL for tissue analyses was calculated

by multiplying the solution quantitation limit (Hg/l) by the minimum sample
B.6
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TABLE B.6. Recove‘ry of Gallium from Spiked Samples of Whole Blood?, '

Spiked Amount

Date Replicate (Lg) % Recovery * SD
8/31/89 3 0.1 36 £ 8
8/31/89 2 0.25 69 L 6
8/31/89 2 0.5 78 + 1
8/31/89 3 1.0 84 £ 1
9/6/89 2 1.0 98.2 £ 0.1
8/28/89 3 5.0 104 £ 5
8/2/89 3 5.0 110 £ 5
8/2/89 3 10.0 105 + 2
8/2/89 3 20.0 102 £ 1
8/2/89 3 40.0 102 £ 2
8/28/89 3 40.0 99 + 1
9/6/89 2 200.0 99 + 4
AverageP: 100 + 8

3al1)l spiked samples consisted of approximately 1 g whole rat blood.
bpverage calculated only for samples contalning spikes that were greater than
or equal to 1 ug/g.

TABLE B.7. Recovery of Arsenic from Spiked Samples of Whole Blood?,

Spiked Amount ‘

Date Replicate (Lg) % Recovery * 8D
8/31/89 2 1.0 115 £ 7
9/6/89 2 1.0 23 £ 10
8/2/89 3 5.0 143 + 12
8/28/89 2 5.0 109 * 20
8/2/89 3 10.0 97 £ 5
8/2/89 3 20.0 97 + 3
8/2/89 3 40.0 110 = 2
8/28/89 2 40.0 95 * 2 ‘
8/31/89 2 100.0 105 £ 2
8/31/89 2 200.0 107 £ 2
9/6/89 2 200.0 107 £ 3

AverageP: 107 * 16

aall spiked samples consisted of approximately 1 gram whole rat blood.
Paverage calculated only for samples containing spikes that were greater than
1 ug/g.
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TABLE B.8. Recovery of Gallium from Spilked Samples of Rat Fetal Tlssue® and
Pregnant Female Uterine Contants?,

Splked Amount

Date Replicate (Lg) \ % Recovery £ SD
10/5/890 3 1.0 105 % 5
8/2/892 2 5.0 104 + 2
10/5/89P 3 10.0 103 £ 1

Average: 104 £ 3

agspiked samples consisted of approximately 0.1 gram rat fetal tilssue,

bgpiked samples consisted of approximately 1-2 grams of homogenized female
uterine contents.

TABLE B.9. Recovery of Arsenic from Spiked Samples of Rat Fetal Tissue? and
Pregnant Female Uterine Contents®.

Spiked Amount

Date Replicate (Kg) % Recovery * SD
10/5/89P 3 1.0 105 + 4
8/2/892 2 5,0 100 + 3
10/5/89% 3 10.0 89 + 1

Average: 98 + 8

agplked samples consisted of approximately 0.1 rat fetal tissue,

bgpiked samples consisted of approximately 1-2 grams of homogenized female
uterine contents.

TABLE B.,10. Recovery of Gallium from Spiked Samples of Rat Testes?,

Spiked Amount

Date Replicate (Lg) % Recovery * SD
10/18/89 2 0.5 103 £ 5
10/18/89 2 1.0 101 £ 3
9/21/89 3 1.0 113 + 2
9/21/89 3 10.0 111 + 2

Average: 107 * 6

4spiked samples consisted of approximately 0.5 - 1.0 gram of homogenized rat
testes, .
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TABLE B.1l., Recovery of Arsenic from Spiked Samples of Rat Testes?.

Spiked Amount

Date Replicate {(Lg) % Recovery & SD
10/18/89 2 0.5 gz + 14
10/18/89 2 1.0 78 £ 4
9/21/89 3 1.0 82 t 4
9/21/89 3 10.0 88 £ 2

Averaga: 83 * 4

agpiked samples consisted of approximately 0.5 -~ 1.0 gram of homogenized rat
testes.

TABLE B.12. Recovery of Zinc from Spiked Samples of Rat Testes?,

Spiked Amount

Date Replicate (Lg) % Reacovery * 8D
8/9/89 3 30.0 106 £ 2
8/11/89 3 30.0 107 4 6

Average: 106 + 5

dgpiked samples consisted of approximately 1.5 grams rat testls or rat testes
homogenate.,

IABLE B.13. Minimum Detectable Limits (MDL) for Gallium, Arsenic and Zinc.

Tigsue Type MDL Ga MDL As MDL 2Zn
(ULg) (Ug) {Lg)
Female Rat/Whole Blood 0.06 1,26 --a
Male Rat/Whole Blood 0.05 0.52 --a
Rat/Fetal Tissue 0.06 0.01 ~-a
Rat/Uterine Contents 0.43 0.47 -=a
Rat and Mouse/Testas 0.10 0.15 0.25

4zinc was only measured in testes.
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gsolution volume (liters)., The result is expressed in units of |g of each
element. MQL values were estimated for each element and tissue type and these
values are reported in Table B.14.

C. Results

Results of gallium and arsenic determinations in whole blood from male and
female rats are reported in Tables B,15 and B.16. Results of galllium and
arsenlc determinations in uterine contents and fetal tissues from female rats
are reported in Table B,17. Gallium, arsenic, and zinc determinations in
mouse and rat testes are reported in Table B,18.

Data reported in Table B.15 through Table B.l8 are not corrected for
endogerious amounts present in control animals., As discussed above, gallium
and arsenic determinations in whole blood with concentrations less than
1 Ug/g, as well as arsenic determinations in testes at all concentrations,
showad low recoveries. Data in Tables B.15 through B.18 are not corrected for
low recoveries of these elements,

Values reported in Table B.l1l5 through Table B.18 which indicate less than
a given value, are less than the indicated MDL. Values in parentheses were
between the MDL and MQL, Values less than the MQL are subject to a high
degree of uncertainty and must be interpreted accordingly.

During preliminary range-finding analyses in mouse blood, results
indicated that the amounts of these two elements were below the detection
limit in samples from all dose groups. Consequently, determinations of
gallium and arsenic in mouse blood were not performed.

J.ﬁ;/bill, Sr. Research Scientist " Date
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TARLE B.14. Minimum Quantifiable Limits for Gallium, Arsenic and 2Zinc.

Tissue 1Type MQL Ga MQL As MQL 2Zn
(1g) (Hg) (Ug)
Female Rat/Whole Blood 0.20 4,22 ~=a
Male Rat/Whole Blood 0.15 1.66 ~=a
Rat/Fetal Tissue 0.2 0.02 ~-wd
Rat/Uterine Contents 1.22 1.48 —-a
Rat and Mouse/Testes 0.29 0.45 0.97

dzinc was only measured in testes.

TABLE B.15. Results of Gallium and Arsenic Determinations in Whole Blood
from Male Rats.

Exposure Weeks Post Sample
Sample ID Group Exposure welght (g) ug/g Ga? ug/q As?
1091 Control 0 0,959 <0,05 11,0
1098 Control 0 1,282 <0,05 11.5
1089 Control 0 0.978 <0,05 12,5
1085 10 mg/m? 0 1.140 (0,08) 27.3
1087 10 mg/m3 0 1,009 {0,11) 30.3
1081 10 mg/m? 0 1.057 (0,14) 35,9
1079 37 mg/m3 0 0,872 0.52 91,7
1080 37 mg/m3 0 0,930 0.66 90,5
1084 37 mg/m3 0 0,878 0,72 80,9
1086 15 mg/m3 0 0.866 0,91 115,0
1090 75 mg/m3 0 1,006 1,16 137.7
1092 75 mg/m3 0 0,970 1,45 145,4
1097 75 mg/m? 0 0.963 0,96 106,9

dyalues reported as "less than" (<) were less than the MDL indlcated. Values in parentheses
are greater than MDL but less than MQL (0.15 ug Ga),
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' TAEBLE B.l6. Results of Gallium and Arsenic Determinations in Whole Blood
from Female Rats.

Exposure Time Point Sample
Sample ID Dose Group (dg) Weight (g) - ug/g Ga@ pug/g Asd
390 Control 7 1.032 <0.06 10.5
439 Control 7 0.950 <0.06 11.9
404 Control 7 0.987 <0.06 10.9
414 10 mg/m3 7 0.972 <0.06 13.8
385 10 mg/m3 7 0.992 <0.06 16.4
452 10 mg/m3 7 1.269 <0.06 13.1
365 37 mg/m3 7 0.996 (0.11) 30.4
408 37 mg/m3 7 0.998 (0.10) 26.9
485 37 mg/m3 7 0.947 (0.16) 26.9
383 75 mg/m3 7 1.006 0.26 44.6
386 75 mg/m3 7 0.961 0.27 41.9
406 75 mg/m3 7 1.040 0.29 37.8
489 Control 14 0.933 <0.06 9.8
455 Control 14 1.051 <0.06 8.8
168 Control 14 0.975 <0.06 10.3
479 10 mg/m3 14 0.973 (0.07) 30.5
568 10 mg/m3 14 0.988 (0.11) 39.6
453 10 mg/m3 14 1.010 (0.12) 20.0
669 37 mg/m3 14 0.990 0.40 79.7
636 37 mg/m3 14 0.997 0.42 73.8
o 613 37 mg/m3 14 0.977 0.51 77.5
409 75 mg/m3 14 0.979 0.52 115.7
449 75 mg/m3 14 0.982 0.56 116.5
567 75 mg/m3 14 1.022 0.44 111.8
704 Control 20 0.972 <0.06 11.5
688 Control 20 0.937 <0.06 9.6
730 Control 20 0.930 <0.06 7.1
611 10 mg/m3 20 1.018 (0.06) 49.0
664 10 mg/m? 20 0.981 (0.07) 50.7
665 10 mg/m3 20 1.000 0.28 60.1
690 37 mg/m3 20 1.010 0.41 91.0
681 37 mg/m3 20 0.962 0.53 75.4
590 37 mg/m? 20 0.983 0.38 41.4
595 75 mg/m3 20 0.972 9.46 162.8
622 75 mg/m? 20 0.959 0.59 164.7
675 75 mg/m3 20 1.014 0.52 170.5
ay .lues reported as "less than" (<) were less than the MDL indicated Values

in parentheses are greater .nan MDL but less than MQL (0.20 pg Ga).



_TABLE B.17. Results of Gallium and Arsenic Determinations on Uteyrine '
Contents of Female Rats.

Exposure Time Point Sample
Sample ID Group (dg) Weight (qg) Hg/g Ga? ug/g Asd
390 Control 70 0.038 <0.43 <0.47
439 ‘ Control 7 0.110 <0.43 <0.47
404 Control 7 0.054 -<0.43 <0.47
414 10 mg/m3 7 0.133 <N.43 <0.47
385 10 mg/m? 7 0.070 <0.43 <0.47
365 37 mg/m3 7 0.031 <0.43 <0.47
408 37 mg/m3 7 0.135 <0.43 <0.47
485 37 mg/m3 7 0.079 <0.43 <0.47
283 75 mg/m3 7 0.144 <0.43 <0.47
386 75 mg/m3 7 0.090 <0.43 <0.47
406 75 mg/m3 7 0.054 <0.43 <0.47
489 Control 140 2.768 <0.43 <0.47
455 Control 14 0.521 <0.43 <0.47
468 Control 14 2.528 <0.43 <0.47
479 10 mg/m? 14 3.521 <0.43 <0.47
568 10 mg/m3 14 2.445 (0.20) <0.47
453 10 mg/m3 14 2.845 0.19 <0.47
669 37 mg/m3 14 2.482 0.62 <0.47
636 37 mg/m3 14 3.924 0.55 (0.26)
613 37 mg/m3 14 2.674 0.62 (0.19)
409 75 mg/m3 14 2.895 ©1.05 (0.35) .
449 75 mg/m3 14 2.621 0.55 (0.26)
567 75 mg/m3 14 2.223 0.52 (0.11)
704 Control 20¢ 2.374 <0.43 <0.47
688 Control 20 2.056 <0.43 <0.47
730 Control 20 1.851 <0.43 <0.47
611 10 mg/m3 20 2.003 (0.46) (0.36)
664 ‘ 10 mg/m? 20 2.205 <0.43 ©(0.35)
680 37 mg/m3 20 2.108 1.14 2.52
681 37 mg/m3 20 1.948 0.95 1.27
690 37 mg/m3 20 1.799 1.03 1.04
595 75 mg/m3 20 2.170 1.1€ 2.70
622 75 mg/m3 20 1.810 1.20 1.92
675 75 mg/m3 20 2.204 1.08 1.86

4values reported as "less than" (<) were less than the MDL indicated. Values
in parentheses are g.eater than MDL but less than MQL (MQL for Ga is 1.22 Hg
and MQL for As is 1.48 ug).

bPsamples from the 7- and 14-dg time points were uterine contents.
Cgamples from the 20-dg time point were homogenized fetal tissue.
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' TZBLE B.18. Results of 2Zinc, Gallium and Arsenic Deteiminations in Rat and
Mouse Testes?.

Sample

Sample ID Dose Group Weight (g) Lg/g zn ug/qg GaP® ug/g As®

Mice:
1008 Control - 0.124 14.5 <0.10 <0.15
1014 Control 0.146 11.8 <0.10 <0.15
1015 . Control 0.130 15.4 <0.10 <0.15
1004 1 my/m? 0.160 14.5 <0.10 <0.15
1006 1 mg/m? 0.170 11.6 <0.10 <0.15
1021 1 my/m? 0.148 12.7 <0.10 <0.15
1009 10 mg/m3 0.150 15.4 <0.10 <0.15
1010 10 mg/m? 0.157 10.4 <0.10 <0.15
1017 10 mg/m3 0.119 12.0 <0.10 <0.15
1002 37 mg/m? 0.163 13.2 0.88 <0.15
1022 37 mg/m? 0.155 14.2 <0.10 <0.15
1012 37 mg/m? 0.158 --c --c --¢

Rats:
1091 . Control 1.784 12.9 <0.10 <0.15
1098 Control 1.710 13.2 <0.10 <0.15
1112 Control 1.470 10.9 <0.10 <0.15
1085 10 mg/m3 1.645 12.9 0.18 (0.17)
1087 10 mg/m? 1.638 12.5 0.26 (0.17)

’ 1094 10 mg/m’ 1.695 12.5 0.28 (0.22)

1079 37 mg/m? 1.551 14.3 0.86 0.43
1080 37 mg/m? 1.785 12.6 1.10 0.59
1084 37 mg/m? 1.523 12.2 1.11 0.67
10906 75 mg/m? 1.910 13.1 1.89 0.73
1092 75 mg/m’ 1.672 11.9 1.90 1.06
1097 75 mg/m> 1.697 . 12.3 1.31 0.68

2pll samples were taken immediately after exposure ended.

“Values reporired as '"less than" (<) were less than the MDL of =~ 10 pg Ga and
0.15 Mg As. Values in parenthesis are greater than MDL but less than the MQL
of 0.29 Hg Ga and 0.45 pg As.

CSample was lost during preparation. No data available.
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SUMMATION N

Mean: X =i E X,
n

Standard Deviatior: |

>t (),

i=1. i=1
n-1
where:
X, = individual reading of concentration, temperature or
relative humidity
n = number of individual readings

The weekly and study means and standard deviations for concénuaLion
were derived from the daily means and standard deviations using the
following equation.

i=1
Standard Deviation:
K
ol i
> G (s 2)
S = ‘ =1
e
|
2
j=1
where:
n i = number of daily readings
X j = daily mean
Sj = daily standard deviaiion
K = number of days included in summanons
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Concentration Data
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Datly Summation For Gallium Arsenide - [RT (Rats) From 29 Jul 1989 through 16 Aug 198¢

Summary Data for: GaAs - Room  /Concentration Range=0.00E+0 to 1.30E-2
Date Mean Std Dev Max imum Minimum N N_in AN n
29 Jul 1989 7.18E-03 2.345E-03 1.0SE-02 2.71€-03 9 9 - 100.0%
30 Jul 1989  1.94€-02 1.625€-02 6.89E-02 1.41€-03 13 5 38.5%
31 Jul 1989  2.39E-02 4.,836E-03 3.34€-02 1.46E-02 1 0 0.0%
l Aug 1989 2.73E-02 4,556E-03 3.68E-02 2.05E-02 11 0 0.0%
2 Aug 1989  2.66E-02 6.618E-03 3.62€-02 1.64E-02 14 0 0.0%
3 Aug 1989  2.06E-02 8.873£-03 5.61E-02 1.35€-02 33 0 0.0%
4 Aug 1989  3.18E-02 2.607E-02 1.27€-01 1.69E-02 16 0 0.0%
5 Aug 1989  2.79E-02 €.894E-03 4.99€-02 2.09€-02 14 0 0.0%
6 Aug 1989  3.90E-02 2.999€-02 1.28E-01 1.67€-02 16 0 0.0%
7 Aug 1989  2.30E-02 7.049€-~03 3.66E-02 1.48€-02 18 0 0.0%
8 Aug 1989  3.24€-02 6.631E~03 3.94€-02 1.87€-02 13 0 0.0%
9 Aug 1983 2.28E-02 8.171€E-03 4,55€-02 1.59€-02 34 0 0.0%
10 Aug 1989  2.65E-02 4,559€-03 3.23€-02 1.70€-02 13 0 0.0%
11 Aug 1989  3.22E-02 6.284E-03 4.09E-02 2.07€E-02 11 0 0.0%
12 Aug 1989  2.98E-02 5.128E-03 3.82E-02 2.12€E-02 12 0 0.0%
13 Aug 1989  3.67E-02 8.685€-03 5.81€-02 2,27€-Q2 12 0 0.0%
14 Aug 1989  3.93E-02 8.032€-03 5.33€-02 2.44€-02 13 0 0.0%
15 Aug 1989  3.81E-02 6.855E€-03 4.65€-02 2,68E-02 12 0 0.0%
16 Aug 1989  6.05£-02 4.933€-02 1.80€-01 2.72€-02 12 0 0.0%
Summary 2.88E~02 1.790€-02 1.80E-01 1.41E-03 287 14 4

9%

Gallium Arsenide - IRT (Rats)
Gafs - Room
Daily Mean & Standard Deviation
From 29 Jul 18838 through 16 Rug 1389
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Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 0 mg/m"3 /Concentration Range=0,00E+0 to 6,00E-3
Date Mean Std Dev Maximum Minimum N N in AN in
29 Jul 1989  3,39€-04 2.735€-04 8.67C-04 -3,37€-04 9 9 100.0%
30 Jul 1989 -3.61E-04 2.391E-04 {.65E-04 -7,03E-04 13 13 100.0%
31 Jul 1989 8.37E-03 5.296E-04 9.92E-03 7.93€-03 {1 0 0.0%
1 Aug 1989 &,75E-03 2.945E~04 9.33E-03 8,28€-03 11 0 0.0%
" 2 Aug 1989  9,85E-03 7.558E-04 1.21E~-02 9.04E-03 14 0 0.0%
3 Aug 1989 1.02E-02 7.439€E-04 1.15€-02 8.64E-03 33 0 0.0%
4 Aug 1989 9.17E-03 3.814E-04 9,84E-03 8.68E-03 16 0 0.0%
5 Aug 1989 9.80E-03 6.791E-04 1.19€-02 9,28E-03 14 0 0.0%
6 Aug 1989 1,03E-02 1.007€~03 1.31E-02 9.37€-03 16 0 0.0%
7 Aug 1989  1.02E-02 4,097€~04 1.11E-02 9.54€-03 18 Q 0.0%
8 Aug 1989 1.08E-02 1.340€-03 {.51E-02 9,80E-03 13 0 0.0%
9 Aug 1989 |.17E-02 1.277€-03 1.62E-02 1.03€-02 34 0 0.0%
10 Aug 1989 1.08E-02 6.668E-04 1.24€-02 1.00E-02 13 0 0.0%
11 Aug 1989 1.06E-02 4.499€-04 1.13€-02 1.01€E-02 11 0 0.0%
12 Aug 1989 1.03€-02 3,725E-04 1.13E-02 9.90E-03 12 0 0.0%
13 Aug 1989 1.03E-02 2.972€~04 1.07€-02 9.80E-03 12 0 0.0%
14 Aug 1989  1.02E-02 2.150E~04 1.06E-02 9.84E-03 13 0 0.0%
15 Aug 1989  1.03E-02 3.407E-04 1.12€-02 9.88E-03 12 0 0.0%
16 Aug 19§9 1.27€-02 4.614E-03 2.44E-02 9.76E-03 12 0 0.0%
Summary 9.56E-03 3.146E-03 2.44€-02 -7.03E-04 287 22 7.7%
Gallium Arsenide - IRT (Rats)
GafAs - ® mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1989 through 16 Rug 1988
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Natly Summation For Gallium Arsenide - (3T {Rats) From 29 Jul 1989 through 16 Aug 1939
Surmary Data for: GaAs - 10 mg/m"3  /Concentration Range=8 00E+) to |.20E+!
Date Mean % Target 5td Dev Y RS0 Maximum Minimym [l A in U Mn
23 Jul 1983 1.02€+01 102.0% 4.315E-01 4.2% 1.06E+0L 9.39€+00 8 ] 100.0%
30 Jul 1983  9.72E+00 37.2% 4.990€-01 5.1% 1.06E+01 8.97£+00 10 10 100.0%
31 Jul 1989 1.07€+01 106.9% 6.959E€-01 6.5% 1.18£+01 9.76E+00 10 10 100.0%
| Aug 1989  1.02E+01 102.1% 7.720€-01 7.6% 1.13E+01 8.95£+00 10 10 100.0%
2 Ayg 1989  9.89E+00 98.9% 6.282€-01 6.4% 1.09€+01 8.67E+00 10 10 100.0%
J Aug 1989 1.01E+01 100.5% 5.965E-01 5.9% 1.10€+01 9.29E+00 8 8 100.0%
4 Aug 1989 1.00£+01 100. 1% 4,549€-01 4.5% 1.0BE+01 9.31E+00 10 10 100.9%
5 Aug 1989 1.06E+01 106.3% 1.537€+00 14.5% 1.51E+01 9.37€+00 11 10 90,9%
6 Aug 1989 1.03€E+01 102.8% 4.392€-01 4.3% 1.11E+01 9.27€£+00 12 12 100,
7 Aug 1989  1.02€+01 102.4% 7.339E-01 7.8% 1.15E+01 9.2¢£+00 3 8. 100.0%
8 Aug 1989  9.92E+00 99.24 3.517€-01 3.5% 1.04€+01 9.35E+00 10 10 100.0%
9 Aug 1989  9.75E+00 97.5% 4,414€-01 4.5% 1.08E+0] 9.26€+00 10 10 100.0%
10 Aug 1989 1.00E+01 100.1% 4.980€-01 5.0% 1.07E+01 g.39€+00 10 10 100.0%
11 Aug 1989  9.94E+00 99.4% 3.701€-01 3.7% 1.04E+01 9.15€+00" 9 9 100.0%
12 Aug 1989 1.02€+01 101.9% 4.123€-01 4.0% 1.08E+01 9.51€+00 11 11 100.0%
13 Aug 1988 1.05€+01 105.2% 7.094E-01 6.7% 1.22€+01 9,65E+00 ] 8 88.9%
14 Aug 1989 1.12€+01 112.4% 4.351€-01 4.3% 1.20€+01 1.04E+01 10 10 169,0%
15 Aug 1989 1.05E+01 105.2% 1.018€E+00 9.7% 1.24E+01 9.29€+00 9 8 88.9%
16 Aug 1989  9.96E+00 99.6% 5.045€-0) B.1% 1.08€+01 9.25€+90 10 10 100.0%
Summary 1.02€+01 102.1% 7.456E-01 7.3% 1.51€+01 8.67€+00 185 182 98.4%
. Gallium Arsenide - IRT (Rats)
GaAs - 1@ mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1888 through 16 Aug 13988
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Daily Summation For Gallium Arsenide - [RT {Rats) From 29 Jul 1989 through |8 Auq !9%9
Summary Data for: Ga4As - 27 mg/m"3  /Conoentration Range=2 . 96E+] to 4.44€+]
Date Mean % Target Std Dev % RSO Max {mum Mintmum N H in % N in
29 Jul 1989  3.64E+01 98.34% 2.902E+00 8.0% | 1BE+01 3.33E+01 8 8 100.0%
30 Jul 1989  3.85E+01 104, 0% 4,76BE+00 12.4% 4.82€+01 3.39€+01 10 9 90.0%
31 Jul 1989  3,82E+01 103.3% 2.573E+00 8.7% 4,26E+01 3.43E+01 10 10 100, 0%
1 Aug 1989  3.75E+01 101.5% 3.491€+00 9.3% 4,55E+01 3.,20€+01 10 9 90.0%
2 Aug 1989  4,03E+01 108.9% 5.190E+00 12.9% 5.45E+01 3,61E+01 10 9 90.0%
3 Aug 1989  3.75E+01 101.2% 3.,343€E+00 8.9% 4, 08E+01 3,25E+01 8 8 100.0%
4 Aug 1989  3.96E+01 107.0% 4,997€+00 12.6% 5.21E+01 3.34E+01 10 9 90.0%
5 Aug 1989 4, 34E+01 117.2% 2.984E+01 68.8% 1.33E+02 2.87€+01 1 9 81.8%
6 Aug 1989  3.75E+01 101.4% 2.288E+00 6.1% 4,05€+01 3,39E+0! 12 12 100.0%
7 Aug 1989  3.87E+01 104.7% 3.342€+00 8.6% 4.,38E+01 3.48E+01 8 8 100.0%
8 Aug 1289  3.79E+01 102.5% 2.877E+00 7.6% 4,396+01 3.51E+01 10 10 100.0%
9 Aug 1989  3.77E+01 101.9% 2.549€+00 6.8% 4.13E+01 3.44E+0) 10 10 100, 0%
10 Aug 1989  3.71E+01 100.3% 4.013€+00 10.8% 4,356+01 3.16E+01 10 10 100,0%
{1 Aug 1989 3.86E+01 98.8% 2.686€+00 7.3% 3.99E+01 3.07E+01 9 9 100.0%
12 Aug 1989  3.82E+01 103.4% 3.283E+00 8.6% 4.26E+01 3.31E+01 11 t1 100.0%
13 Aug 1989  3.90E+01 105.3% 4.820E+00 12.4% 4,89€+01 3.42E+01 10 8 80.0%
14 Aug 1989  3.68E+01 99.5% 2,343E+00 6.4% 4,)5E+01 3,30€+01 10 10 100.0%
15 Aug 1989  3,50E+01 94.7% 3.500€+00 10.0% 4,06E+01 2.94€+01 9 8 88.9%
16 Aug 1989 5.03E+01 135.9% 4.089€+01 81.3% 1.686E+02 3.09€+01 10 8 80.0%
Summary 3.88€+01 104,9% 1,226E+01 31.6% 1.66E+02 2,87€+01 186 175 94.1%
Gallium Arsenide - IRT (Rats)
GaRAs - 37 mg/m~3
Daily Mean & Standard Deviation
From 29 Ju! 1889 through 16 Rug 1988
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Dally Summation For Galliym Arsenide =« {RT (Rats)

From 29 Jul 1999 through |8 Aug 1989

Summary Data for: GaAs - 75 mg/m*3  /Concentration Range=6.00E+1 to 9.00E+]
Date Mean % Tarqet Std ey % RSO Max i mum Minimym N N in Y H in
29 Jul 1989  7.50E+0! 100.0% 5,284E+00 7.0% 8, 48E+0] 6.92€+01 g ] 100.0%
30 Jul 1989 7.24E+01 96.6% 5,823E+00 7.8% 8.03E+01 8,04E+01 10 10 100.0%
31 Jul 1989  7.5BE+0fi 100. 8% 7.056€E+00Q 9.3% 9,48€+0! 7.05€+01 10 9 90.0%
| Aug 1989  7.63E+01 101.7% 4,182E+00 5.5% 8.305*0} 8.99E+01 10 10 100.0%
2 Aug 1988  7.26E+0t 96.9% 6.023E+00 8.34% 7.90E+01 8.07€+01 10 10 100,0%
3 Aug 1989  7.30E+01 97.4% 8.137€+00 11.1% 8,64E+01 6.25E+01 8 8 100.0%
4 Aug 1989  8,04E+01 107.2% 6.905€+00 8.6% 8.77€+01 6.70E+01 10 10 100, 0%
S Aug 1989  7.41E+01 98,8% 3.136E+00 4.2% 7.85€+01 6.99E+01 1 11 100.0%
8 Aug 1989 7,52E+01 100.3% 3.099E+00 4.1% 7.90E+01 6.87E+01 12 12 100.0%
7 Aug 1989  7.24E+0! 96.5% 4,092E+00 5.7% 7.92E+01 6.90€+01 8 8 100.0%
8 Aug 1989 7.51E+0! 100.2% 4,803€+00 6.1% 8.25€+01 6.85E+01 10 10 100.0%
9 Aug 1989  7.80F+0! 104.1% 1.026€E+01 13.1% 1.056+02 7.07€+01 10 9 90,0%
10 Aug 1989  7.04€+01 93.9% 4,911E+00 7.0% 7.70€+01 6.39E+01 10 10 100.0%
11 Aug 1989  7.82E+01 104,2% §.857£+00 7.5% 8.81E+0! 6. 71E+01 9 9 100.0%
12 Aug 1989 7.71E+01 102.8% 7.023E+00 9.1% | 8.68E+01 6.44E+01 i1 11 100.0%
13 Aug 1989  7.65E+01 102.0% 1.056E+01 13.8% 1.,01€+02 6.72€+01 9 8 88.9%
14 Aug 1989  8,23E+01 109.7% 5,568E+00 6.8% 9,06€+01 7.38E+01 10 9 90.0%
15 Aug 1989  7.42E+01 99.0% 8,585E+00 11.6% 9,23€+01 6.55€+01 9 8 88.9%
16 Aug 1989 7 71E+0] 102.9% 5.845E£+00 7.8% 8, 58E+01 6.82E+01 10 10 100,0%
Summary 7.58E+01 100.9% 6.719€+00 8.9% 1.05€+02 6,04€+01 185 180 97.3%
Gallium Arsenide - IRT (Rats)
GaRs = 75 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1988 through 16 RAug 19889
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Dally Sumpmation For 9411{um Argenide - [RT (M{ce) From 25 Jul 1989 through |8 Aug 1989

Summary Data for: QaAs - Room /Concentration Range=d, Q0E+0 to 1. 30E-2 0
Qate Mgan Std Day Max | mum Minimum il N in AN
25 Jul 1989 1,82€-02 7.484€-03 2.79€-02 3.39E-03 14 2 14.3%
26 Jul 1989  2,33E-02 8.868E-03 3. 73E-02 5.99€£-03 11 { 9.1%
27 Jul 1989 |.83€-02 3.,948€-03 2.78€-02 1. 39€-02 12 0 0.0%
28 Jul 1989  2,.5BE-02 2.012E-02 8,75€-02 9.51E-03 12 1 8.3%
29 Jul 198y  7.1BE-03 2,345€-03 {.05€-02 2.71€-03 9 g 100, 0%
30 Jul 1989 1,94E-02 1.625€-02 6.89E-02 1,41E£-03 13 5 38, 5%
31 Jul 1989  2,39E-02 4.836€-03 3.,34€-02 1. 46E~02 11 0 0.0%

1 Aug 1989 2.73E-02 4, 556E-03 3.68E-02 2.05€-02 1 0 0.0%

2 Aug 1989 2,66E-02 6.618€-03 3,62E-02 1. B4E-02 14 0 0.0%

3 Aug 1989 2,06E-02 8.873E-03 5,81E-02 1.35€-02 33 Q 0.0%

4 Aug 1989  3.18E-02 2.607E-02 1.27€-01 1.69E-02 16 0 0.0%

5 Aug 1989 2,79E-02 8.894E-03 4.99€-02 %, 09€-02 14 0 0.0%

6 Aug 1989  3,90€-02 ‘ 2.999€-02 1,28E-01 1.67E-02 16 0 0.0%

7 Aug 1989 2,30E-02 7.049€-03 3.686E-02 1.48E-Q2 18 0 0.0%

8 Aug 1989  3,24E-02 6.631E-03 3,94€-02 1,87€-02 13 0 0.0%

9 Aug 1989  2,28E-02 8.171€-03 4,55E-02 1,59€-02 34 0 0.0%
{0 Aug 1989 - 2,85E-02 4 ,559E-03 3.23E~02 1.70E-02 13 0 0.0%
11 Aug 1989 3,22E-02 6.284E~03 4.09€-02 2.07€-02 1 ] 0.0%
12 Aug 1989 2,98E-02 5.128E-03 3.82€-02 2.12€-02 12 0 0.0%
13 Aug 1989 3.87E-02 8.685E-03 5.81€-02 2.27E-02 12 0 0.0%
14 Aug 1989 3.93E-02 8.032E~03 5.33E-02 2.44E-02 13 0 0.0%
15 Aug 1989 3.81E-02 6.855E-03 4.65£-02 2.68E-02 12 0 0.0%
16 Aug 1989 §,05€-02 4.933£-02 1. 8UE-01 2. 72E-02 12 9 2.0%
Summary 2.77€-02 1.734€-02 1.80€-01 1.41€-03 336 18 S5.4%

Gallium Arsenide — IRT (Mice) ‘
GaAs - Room

Daily Mean & Standard Deviation
From 25 Jul! 1989 through 16 RAug 1988
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Datly Surmation For Galljum Arganide - [RT (Migy)

From 29 Jul 1989 through 18 Aud 1989

Summary NData for: GaAs -
Date

Maan

0 mg/m*3  /Concentration
9tel _Day

Range=0.00E+0 to 6,00E-3

Max { mum 4 nimym i N in $ N In
25 Jul 1989  7,51E£-03 3.019€-04 7.94€-02 7.08E-03 14 0 0.0%
26 Jul 1989  7.70£-03 3,501E-04 8,29€-03 7.19€-03 11 0 0.0%
27 Jul 1989 7.726-03 1. 6848E-04 8,10E-03 7,49E-03 12 0 0.0%
28 Jul 1989  7.88E-03 3. 194€-04 8,35€-03 7.20E-03 12 0 0,0%
29 Jul 1989  3,39E-04 2.735€-04 8.87€-04 ~3.37€-04 9 9 100.0%
30 Jul 1989 -3.81E-04 2.391E-04 1.85€-04 -7,03E-04 13 13 100.0%
31 Jul 1989 8.,37€-03 5,296E-04 9.92€-03 7.93E-03 11 0 0.0%
1 Aug 1989 8,75£-03 2.945€-04 9.33E-03 8,28€-03 11 0 0.0%
2 Aug 1989  9.85E-03 7 .558E-04" 1.21E~02 9,04€-03 14 ] 0.0%
3 Aug 1989  1,02E-02 7.439E-04 1.15E-02 8.64£-03 33 Q 0,0%
4 Aug 1989 9.17E-03 3,814E-04 9.84E-03 8.68E-03 18 0 0.0%
5 Aug 1989  9.80E-03 6.791E~04 1.19€-02 9.28E-03 14 0 0.0%
6 Aug 1989  1.03E-02 1.007€-03 1.,31€-02 9,37€-03 16 0 0,0%
7 Aug 1989 1.02E-02 4,097€-04 1.11€-02 9.54€-03 18 0 0.0%
8 Aug 1989  1.08E-02 1.340€-03 1.51€-02 9.80E-03 13 0 0.0%
9 Aug 1989 1.17€~02 1.277€-03 1.6826-02 1.03E-02 34 0 0.0%
10 Aug 198Y  1,08E£-02 6.686AE-04 1.24E-02 1.00€-02 13 0 0.0%
11 Aug 1989  1.06E-02 4,499E-04 1.13E-02 1.01€E-02 i 0 0.0%
12 Aug 1989  1,03E-02 3.,725E-04 1,13€~02 9,90E-03 12 ] 0.0%
13 Aug 1989 1.03E-02 2,972€E-04 1.07E-02 9,80£-03 12 0 0.0%
14 Aug 1989  1.02€-02 2.150€-04 1,08E-02 9.84E-03 13 0 0.0%
15 Aug 1989  1.03E-02 3.407E-04 1.12€-02 9.88E-03 12 0 0.0%
16 Aug 1989 _ |.27E-02 4.6814€-03 2.44€-02 9,76E-03 12 0 0.0%
Summary 9,28E-03 2.986E-03 2.44E-02 -7.03E-04 336 22 8.5%
Gallium Arsenide - IRT (Mice)
GaRs - @ mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 18839 through 16 Aug 1989
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Daily Summation For fGallium Arsenide - IRT (Mice)

From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 10 mg/m"3 /Concentration Range=8.00£+0 to 1.20E+!
Date Mean % Target Std Qev % RSD Maximum Minimum N N in AN in
25 Jul 1989  §.BBE+00 98.8% 5.122€-01 5.2% 1.07E+01 9.18E+00 10 10 100.0%
26 Jul 1989 9.96E+00 99.6% 3.343E-01 3.4% 1.07€E+01 9.63E+00 9 9 100.0%
27 Jul 1989  9.45E+00 94.5% 6.573E-01 7.0% 1.04E+01 8.32E+00 10 10 100.0%
28 Jul 1989  1.01E+01 101.0% 8.489€-01 8.4% 1.23E+01 9.42E+00 10~ 9 90.0%
29 Jul 1989  1.02E+01 102.0% 4.315E-01 4.2% 1.06E+01 9.39E+00 8 8 100.0%
30 Jul 1989  9.72E+00 97.2% 4.990€-01 5.1% 1.06E+01 8.97E+00 10 10 100.0%
31 Jul 1989  1.07E+01 106.9% 6.959€-01 6.5% 1.18E+01 9.76E+00 10 10 100.0%
1 Aug 1989  1.02E+01 102. 1% 7.720E-01 7.6% 1.13E+01 8.95E+00 10 10 100.0%
2 Aug 1989  9.89E+00 98.9% 6.282E-01 6.4% 1.09€+01 8.67E+00 10 10 100.0%
3 Aug 1939  1.01E+01 100.5% 5.965£~01 5.9% 1.10E+01 9.39E+00 8 8 100.0%
4 Aug 1989  1.00E+01 100.1% 4.549€-01 4.5% 1.06E+01 9.31E+00 10 10 100.0%
S Aug 1989  1.06E+01 106.3% 1.537€+00 14.5% 1.51E+01 9.37E+00 11 10 90.9%
6 Aug 1989  1.03E+01 102.8% 4.392E-01 4.3%  1.11E+01 9.27E+00 12 12 100.0%
7 Aug 1989  1.02E+01 102.4% 7.939E-01 7.8% 1.15E+01 9.22E+00 8 8 100.0%
8 Aug 1989  9.92E+00 99.2% 3.517E-01 3.5% 1.04E+01 8.35E+00 10 10 100.0%
9 Aug 1989 9.75E+00 97.5% 4.414E-01 4.5% 1.08E+01 9.26E+00 10 10 100.0%
10 Aug 1989  1.00E+01 100.1% 4.980E-01 5.0% 1.07E+01 - 9.39E+00 10 10 100.0%
11 Aug 1989  9.94E+00 99.4% 3.701E-01 3.7% 1.04€+01 9.15E+00 9 9 100.0%
12 Aug 1989  1.02E+01 101.9% 4.123€-01 4.0% 1.08E+01 9.51E+00 11 11 100.0%
13 Aug 1989  1.05E+01 105.2% 7.094E-01 6.7% 1.22E+01 9.65E+00 9 8 88.9%
14 Aug 1989  1.12E+01 112.4% 4.851€-01 4.3% 1.20E+01 1.04E+01 10 10 100.0%
15 Aug 1989  1.05E+01 105.2% 1.018€E+00 9.7% 1.24€+01 . 9.29€E+00 9 8 88.9%
16 Aug 1989 _ 9.96E+00 99. 6% 6.045€-01 6.1% 1.08€+0] 9.26E+00 10 10 100.0%
Summary 1.01E+01 101.5% 7.415€-01 7.3% 1.51E+01 8.32E+00 224 220 98.2%
Gallium Arsenide - IRT (Mice)
GaAs = 10 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 18838 through 16 Rug 1389
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Daily Summation For Gallium Arsenide - IRT (Mice) From 25 Jul 1983 through 16 Alig 1989

Summary Data for: GaAs - 37 mg/m"3 /Concentration Range=2.96E+1 to 4.44E+1
Date Mean % Target Std Dev % RSO Maximum Minimum N N _in %N in
25 Jul 1989  3.38E+0l 91.3% 2.388E+00 7.1% 3.58E+01 2.73E+01 10 ] 90.0%
26 Jul 1983  3.63E+01 98.1% 2.569E+00 7.1% 4.01E+01 3.20€+01 9 9 . 100.0%
27 Jul 1989  3.66E+01 99.0% 3.644E+00 9.9% 4.13E+01 2.85E+01 10 ] 80.0%
28 Jul 13983  3.59€+01 97.1% 4.149€+00 11.5% 4.24E+01 2.59E+01 10 9 90.0%
29 Jul 1989  3.64E+01 98.3% 2.902€+00 - 8.0% 4.,)8E+01 3.33E+01 8 8 100.0%
30 Jul 1989  3.85E+01 104.0% 4.766E+00 12.4% 4.82E+01 3.39E+01 10 9 80.0%
31 Jul 1989  3.82E+01 103.3% 2.573E+00 6.7% 4.26E+01 3.43E+01 10 10 100.0%
1 Aug 1989  3.75E+01 101.5% 3.491E+00 9.3% 4.55E+01 3.20E+01 - 10 9 90.0%
2 Aug 1989  4.03E+01 108.9% 5.130E+00 12.9% 5.45E+01 3.61E+01 S 10 9 90.0%
3 Aug 1989  3.75E+01 101.2% 3.343E+00 8.9% 4.08E+01 3.25€+01 3 8 100.0%
4 Aug 1989  3.96E+01 107.0% 4.997E+00 12.6% 5.21E+01 3.34E+01 10 9 90.0%
5 Aug 1989  4,34E+01 117.2% 2.984€+01 ‘ 68.8% 1.33E+02 2.87£+01 11 9 81.8%
6 Aug 1989  3.75E+01 101.4% 2.288E+00 6.1% 4.05E+01 3.39€+01 12 12 100.0%
7 Aug 1983  3.87E+01 104.7% 3.342E+00 8.6% 4.38E+01 3.48E+01 8 8 100.0%
8 Aug 1983  3.79E+01 102.5% 2.877E+00 7.6% 4.39€+01 3.51E+01 10 10 100.0%
9 Aug 1989 3.77g+01 101.9% 2.549€+00 6.8% 4.13E+01 3.44E+01 10 10 100.0%
10 Aug 1983  3.71E+01 100.3% 4.013E+00 10.8% 4. 35E+01 3.16E+01 10 10 100.0%
11 Aug 1989  3.66E+01 98.8% 2.B86E+00 7.3% 3.99€+01 3.07e+01 ] 9 100.0%
12 Aug 1989  3.82E+01 103.4% 3.283€+00 8.6% 4.26E+01 3.31€+01 11 11 100.0%
13 Aug 1989  3.90E+01 105.3% 4.820€+00 12.4% 4.88E+01 3.42€+01 10 8 80.0%
14 Aug 1989  3.68E+01 99.5% 2.343E+00 6.4% 4.15E+01 3.30€E+01 10 10 100.0%
15 Aug 1989  3.50£+01 84.7% 3.500€+00 10.0% 4.06E+01 2.94E+01 . 9 8 88.9%
16 Aug 1989 5.03E+01 135.9%  4.089E+0} ,81.3% 1. B6E+02 3.09€+0] 10 8 80.0%
Summary 3.83E+01 103.5% 1.129€+01 29.5% 1.66E+02 2.59€+01 225 211 93.8%
Gallium RArsenide - IRT (Mice)
GaAs = 37 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 13889 through 16 Aug 1989
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Daily Summation For Ga11iﬁm Arsenide‘- IRT (Mice) From 25 Jul 1989 through 16 Aug 1989

Summary Oata for: GaAs - 75 mg/m"3  /Concentration ) Range=6.00E+] to 9.00E+]
Date Mean % Target Std Dev % RSD Maximum Minimum N N in %N in
25 Jul 1989 7.13E+01 95.1% 6.591E+00 9.2% 8.26E+01 5.20E+01 10 10 100.0%
26 Jul 1989  7.56E+01 100.8% 3.463E+00 4.6% 8.23E+01 7.20€+01 9 9 100. 0%
27 Jul 1989  7.22E+01 96.3% 5.915E+00 8.2% 7.99€+01 6.13E+01 10 10 100.0%
28 Jul 1988  7.50E+01 100.0% 3.746E+00 5.0% 8.35E+01 - 6.89E+01 10 10 - 100.0%
29 Jul i989  7.50E+01 100.0% 5.284E+00 7.0% 8.46E+01 6.92E+01 8 8 100.0%
30 Jul 1983  7.24E+01 96.6% 5.623E+00 7.8% 8.03E+01 6.04E+01 10 10 100.0%
31 Jul 1989  7.56E+01 100.8% 7.056E+00 9.3% 9.48E+01 7.05E+01 10 9 90.0%
1 Aug 1989  7.83E+01 101.7% 4, 182E+00 5.5% 8.30E+01 6.99E+01 10 10 100.0%
2 Aug 1989  7.26E+01 96.9% 6.023E+00 8.3% 7.90E+01 6.07E+01 10 10 100.0%
3 Aug 1989  7.30E+01 97.4% 8.137E+00 11.1% 8.64E+01 6.25E+01 8 8 100. 0%
4 Aug 13989 8.04E+01 107.2% 6.905€+00 8.6% 8.77€+01 6.70E+01 10 10 100.0%
5 Aug 1989  7.41E+01 98.8% 3.136E+00 4.2% 7.85E+01 6.99E+01 11 11 100.0%
6 Aug 1389  7.52E+01 100.3% 3.099€E+00 4.1% 7.90€+01 6.87E+01 12 12 100.0%
7 Aug 1989  7.24E+01 96.5% 4.092€+00 5.7% 7.92E+01 6.90E+01 8 8 100.0%
8 Aug 1989  7.51E+01 100.2% 4 603E+00 6.1% 8.25€+01 6.85E+01 10 10 100.0%
9 Aug 1989  7.80E+01 104.1% 1.026€+01 13.1% 1.05E+02 7.07E+01 10 9 90.0%
10 Aug 1989  7.04E+01 93.9% 4 .911€E+00 7.0% 7.70E+01 6.39E+01 10 10 100.0%
11 Aug 1989  7.82E+01 104.2% 5.857E+00 7.5% 8.81E+01 6.71E+01 9 g  100.0%
12 Aug 1989  7.71E+01 112.8% 7.023E+00 9.1% 8.68E+01 6.44E+01 11 11 100.0%
13 Aug 1989  7.65E+01 102.0% 1.056€E+01 13.8% 1.01€+02 §.72E+01 9 8 88.9%
14 Aug 1989  8.23E+01 109.7% 5.568E+00 6.8% 9.06E+01 7.386+01 . 10 9 90.0%
15 Aug 1989  7.42E+01 99, 0% 8.585E+00 11.6% 9.23E+01 6.55€+01 9 8 48.9%
16 Aug 1888 7.7]1E+01 1072.9% 5.845€+00 7.6% 8.58E+01 6.82E+01 10 10 100.0%
Summary 7.53E+01 100.4% 6.531E+00 8.7% 1.05€+02 6.04E+01 224 219 97.8%
Gallium Arsenide — IRT (Mice)
GaRs = 75 mg/m~3
Dai'y Mean & Standard Deviation
From 25 Jul 1989 through 16 Aug 1983
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Temperature Data
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Daily Summation For Gallium Arsenide - [RT (Rats) From 29 Jul 1883 through 16 Aug 1989

Summary Data for: GaAs - Room /Temperature i Range= 69.0 to 75.0
Date Mean % Target Std Dev % RSD Maximum Minimum N N in %N in
29 Jul 1989 74.3 103.2% .28 . 4% 74.7 73.7 8 8 100.0%
30 Jul 1989 73.8 102.5% .38 5% 74.7 73.4 8 8 100.0%
31 Jul 1989 74.0 102.7% .26 4% 74 .4 73.6 8 8 100.0%
1 Aug 1989 72.1 100.2% ' .53 T% 72.9 71.5 8 8 100.0%
2 Aug 1989 68.3 94 .9% .76 1.1%4 69.3 67.4 8 2 25.0%
3 Aug 1989 69.5 96.6% .71 1.0% 70.5 68.5 8 5 62.5%
4 Aug 1989 70.3 97.7% 1.34 1.9% 72.0 68.2 9 7 77.8%
5 Aug 1989 69.2 96.2% 2.66 3.8% 71.8 65.7 6 3 50.0%
6 Aug 1989 68.2 94.7% 1.39 2.0% 69.3 65.4 7 2 28.6%
7 Aug 1989 39.4 96.4% .12 1.0%4 70.4 68.6 8 5 62.5%
8 Aug 1989 68.9 95.7% ' 1.32 1.9% 71.8 67.7 8 3 37.5%
9 Aug 1989 68.3 94.9% .32 5% . 68.8 67.8 8 0 0.0%
10 Aug 1989 87.7 94.0% .28 4% 68.1 67.4 8 0 0.0%
11 Aug 1989 65.7 91.2% 2.56 3.9% 71.1 63.4 8 1 12.5%
12 Aug 1989 70.2 97.4% 1.49 2.1% 73.1 69.1 6 6 100.0%
13 Aug 1989 69.6 96.6% 1.00 1.4% 70.6 67.6 8 6 75.0%
14 Aug 1989 69.6 96.7% .75 1.1% 70.6 68.3 7 6 85.7%
15 Aug 1989 70.1 97.4% .34 . 5% 70.6 69.6 7 7 100.0%
16 Aug 1389 71.1 98.7% 2.51 3.5% 73.9 87.4 8 6 75.0%
Summary 70.0 97.3% 2.52 3.6% 74.7 63.4 146 91 62.3%
Gallium Arsenide - IRT (Rats)
GaRs - Room .
Daily Mean & Standard Deviation
From 28 Jul 1889 through 16 Rug 18683
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Daily Summation For Galljum Arsenide - IRT (Rats)

From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs -~ 0 mg/m’3 /Temperature ‘ Range= 72.0 to 78.0
Date Mean % Target Std Dev % RSD Maximum Minimum N N in AN in
29 Jul 1989 75.4 100.5% .48 6% 76.1 74.7 8 8 100.0%
30 Jul 1989 76.4 101.9% .85 7% 77.0 75.3 8 8 100.0%
31 .Jul 1988 76.8 102.4% .64 .8% 17.7 75.9 8 8 100.0%
1 Aug 1988 77.2 102.9% .68 .9% 78.2 76.3 7 6 85.7%
2 Aug 1989 75.0 100.0% 1.23 1.6% 77.7 73.8 8 8 100.0%
3 Aug 1989 74.7 99.6% 1.43 1.9% 76.3 72.1 7 7 100.0%
4 Aug 1989 74.2 99.0% 1.06 1.4% 75.8 73.1 8 8 100.0%
5 Aug 1989 76.1 101.5% 1.08 1.4% 7.7 74.9 8 6 100.0%
6 Aug 1989 75.7 100.9% 1.32 1.7% 77.4 73.8 7 7 100.0%
7 Aug 1989 76.8 102.4% 1.02 1.3% 77.9 75.3 8 8 100.0%
8 Aug 1988 75.8 101.1% .87 1.1% 76.8 74.8 6 6 100.0%
9 Aug 1989 75.5 100.6% 1.43 1.9% 77.5 73.8 7 7 100.0%
10 Aug 1989 74.6 99. 4% 1.14 1.5% 76.4 73.2 8 8 100.0%
11 Aug 1989 74.3 89.1% .65 9% 75.3 73.5 7 7 100.0%
12 Aug 1989 76.6 102.1% .76 1.0% 77.3 75.6 6 6 100.0%
13 Aug 1989 76.0 101.4% 1.22 1.6% 77.4 74.7 7 7 100.0%
14 Aug 1989 75.6 100.8% .92 1.2% 77.3 74.7 6 6 100.0%
15 Aug 1989 74.8 99.7% .70 9% 75.4 73.9 6 B 100.0%
16_Aug 1989 74.6 99.5% 1.96 2.6% 76.7 1.7 8 7 87.5%
Summary 75.6 100.8% 1.35 1.8% 78.2 71.7 136 134 98.5%
Gallium Arsenide - IRT (Rats)
GaRs - 8 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1988 through 16 Rug 1989
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Daily Summation For Gallium Arsenide - [RT (Rats)

From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 10 mg/m"3 /Temperature ‘Range= 72.0 to  78.0
Date Mean % _Tarqet Std_Dev % RSO Max imum Minimym N N in %N in
29 Jul 1989 73.2 97.7% . 46 6% 73.8 72.3 8 8 -100.0%
30 Jul 1989 73.4 97.8% .60 .8% 74.2 72.3 8 8 100.0%
31 Jul 1989 76.0 101.3% .88 C11% 76.7 74.0 § 8 100.0%
1 Aug 1988 76.7 102.2% 1.0§ 1.4% 78.0 75.2 7 6 85.7%
2 Aug 1989 76.3 101.7% 1.07 1.4% 77.7 74.6 8 8 100.0%
3 Aug 1989 76.0 101.4% 1.16 1.5% 77.2 73.7 7 7 100.0%
4 Aug 1989 75.1 100.2% .41 .5% 75.5 74.5 8 8 100.0%
5 Aug 1989 75.7 101.0% 1.50 2.0% 78.3 74.1 6 5 83.3%
6 Aug 1989 76.4 101.9% 1.33 1.7% 78.1 74.5 7 6 85.7%
7 Aug 1989 77.2 102.9% 1.01 1.3% 28.2 75.6 8 6 75.0%
8 Aug 1989 75.9 101.2% 72 .9% 76.8 75.0 6 6 100.0%
9 Aug 1989 75.4 100.6% 1.24 1.6% 77.5 73.9 7 7 100.0%
10 Aug 1989 74.9 99.9% .92 1.2% 76.1 73.4 3 8 100.0%
11 Aug 1988 74.5 99.3% .70 9% 75.4 73.7 7 7 100.0%
12 Aug 1989 76.3 101.8% .63 8% 77.2 75.8 6 6 100.0%
13 Aug 1989 76.2 101.6% .79 1.0% 7.1 75.0 7 7 100.0%
14 Aug 1989 75.3 100.4% 1.10 1.5% 7.1 74.0 6 6 100.0%
15 Aug 1989 73.7 98.3% .45 6% 74.1 73.1 6 6 100.0%
16_Aug 1989 ‘ 73.5 98.1% 1.17 1.6%‘ 74.9 71.5 8 7 87.5%
Summary 75.3 100.4% 1.47 2.0% 78.3 71.5 136 130 95.6%
Gallium Arsenide - IRT (Rats)
GafAs - 18 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1889 through 16 Rug 1988
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Summary Data for: GaAs -

Daily Summation For Gallium Arsenide - TRT (Rats)

From 23 Jul 1989 through 16 Aug 1989

37 mg/m"3  /Temperature Range=
Date Mean % Target Std Dev % _RSD Max i mum Minimum N % N in
26 Jul 1989 73.4 97.8% .40 5% 74.0 72.7 8 8 100.0%
30 Jul 1989 74.2 98,9% .53 7% 74.6 73.0 8 8 100.0%
31 Jul 1989 16.7 102.2% .93 1.2% 77.5 74.5 8 8 100.0%
1 Aug 1989 17.2 102.9% 1.16 1.5% 78.5 75.7 7 4 57.1%
2 Aug 1989 76.6 102.2% 1.52 2.0% 79.1 74.6 8 7 ©87.5%
3 Aug 1989 17.3 103.0% 1.09 1.4% 78.4 75.8 8 5 62.5%
4 Aug 1988 77.3 103.1% 1.14 1.5% 78.9 76.0 8 5 62.5%
5 Aug 1989 78.1 104.1% 1.89 2.4% 80.0 74.5 B 2 33.3%
6 Aug 1989 75.8 101.1% ‘ 1.43 1.9% 77.6 73.7 7 7 100.0%
7 Aug 1989 76.9 102.5% 1.08 1.4% 78.0 75.5 8 7 87.5%
8 Aug 1989 75.4 100.6% .75 1.0% 76.1 74.3 6 6 100.0%
9 Aug 1989 75.5 100.7% .38 1.8% 77.0 73.7 8 8 100.0%
10 Aug 1989 75.2 100.2% .05 1.4% 76.7 73.5 8 8 100.0%
11 Aug 1989 74.8 99.7% .69 9% 75.9 73.8 7 7 100.0%
12 Aug 1988 76.2 101.6% .95 2% 77.2 74.8 6 6 100.0%
13 Aug 1988 76.1 101.5% .94 2% 7.1 74.8 7 7 100.0%
14 Aug 1989 74.9 99.8% .16 . 6% 77.1 73.8 6 6 100.0%
15 Aug 1989 73.6 98.2% .54 7% 74.2 72.8 6 6 100.0%
16 Aug 1989 73.5 98.0% 1.16 1.6% 74.8 1.4 8 7 87.5%
Summary 75.7 101.0% 1.71 2.3% 80.0 71.4 138 - 122 88.4%
Gallium RArsenide - IRT (Rats)
GaRs - 37 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 13883 through 16 Aug 1988
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Daily Summation For Gallium Arsenide - IRT (Rats)

From 29 Jul 1989 through 16 Aug 1989

15

Summary Data for: GaAs - 75 mg/m"3 /Temperature Range= 72.0 to 78.0
Date Mean % Tarqet Std Dev % RSO Maxinum Minimum N N in %N in
29 Jul 1989 73.8 98.1% .43 .B% 74.5 73.2 7 7 100.0%
30 Jul 1989 74.6 99.5% .35 .5% 75.1 74.3 7 7 100.0%
31 Jul 1989 76.8 102.4% 31 4% 77.2 76.5 7 7 100.0%
1 Aug 1989 77.7 103 6% .76 1.0% 78.6 77.0 6 4 66.7%
2 Aug 1989 76.7 102.3% 91 1.2% 78.6 75.8 8 7 87.5%
3 Aug 1989 76.3 101.8% .73 1.0% 77.2 75.2 7 7 100.0%
4 Aug 1989 -75.3 100.4% 1.06 1.4% 76.3 73.5 8 8 100.0%
5 Aug 1989 76.6 102.1% 2.11 2.8% 78.7 73.2 5 4 80.0%
6 Aug 1989 74.1 98.7% 1.31 1.8% 75.6 71.9 7 6 85.7%
7 Aug 1988 75.3 100.4% .67 .9% 76.1 74.5 8 8 100.0%
8 Aug 1989 74.4 99.2% .62 8% 75.4 73.4 7 7 100.0%
9 Aug 1989 73.6 98.2% .70 1.0% 74.5 72.7 7 7 100.0%
10 Aug 1989 73.1 97.4% .68 9% 73.7 72.0 7 7 100.0%
11 Aug 1989 72.7 96.9% .36 5% 73.3 72.3 6 6 100.0%
12 Aug 1989 74.6 99.5% .60 .8% 75.4 73.7 6 6 100.0%
13 Aug 1989 75.2 100.3% .64 .9% 76.3 74.3 7 7 100.0%
14 Aug 1989 74.7 9Y.6% .76 1.0% 76.1 73.9 6 6 100. 0%
Aug 1989 74 2 98.9% .69 9% 74.8 73.2 6 6 100.0%
16 Aug 1989 73.8 98 4% 1.52 2.1 15.6 7.7 7 8 85.7%
Summary 74.9 99.9% 1.56 2.1 78.7 7.7 129 123 95.3%
Gallium RArsenide - IRT (Rats)
GaAs - 7?5 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1989 through 16 Aug 1988
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Daily Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - Room /Temperature Range= 69.0 to 75.0
Date Mean % Target Std Dev_ % RSD Max i mum Minimum N N in % N in
25 Jul 1989 75.8 105.2% .97 1.3% 77.4 74.4 6 1 16.7%
26 Jul 1989 75.8 105.3% 1.03 1.4% 77.5 74.7 8 3 37.5%
27 Jul 1989 75.6 105.0% 1.13 1.5% 78.2 74.5 Q 3 33.3%
28 Jul 1989 74.5 103.5% 1.82 2.4% 17.7 72.4 7 5 71.4%
29 Jul 1989 74.3 103.2% .28 4% 74.7 73.7 8 8 100.0%
30 Jul 1989 73.8 102.5% .39 5% 74.7 73.4 8 8 100.0%
31 Jul 1989 74.0 102.74% .26 4% 74.4 73.6 8 8 100.0%
1 Aug 1989 72.1 100.2% .53 T% 72.9 71.5 8 8 100.0%
2 Aug 1989 68.3 94,9% .76 1.1% 69.3 67.4 8 2 25.0%
3 Aug 1989 69.5 96.6% At 1.0% 70,5 68.5 8 5 62.5%
4 Aug 1989 70.3 97.7% 1.34 1.9% 72.0 68.2 9 7 77.8%
§ Aug 1989 69.2 96.2% 2.66 3.8% 71.8 ' 65.7 6 3 50.0%
6 Aug 1989 68.2 94.7% 1.39 2.0% 69.3 65.4 7 2 28.6%
7 Aug 1989 89.4 96.4% 72 1.0% 70.4 68.6 8 ‘5 62.5%
8 Aug 1989 68.9 95.7% 1.32 1.9% 71.8 67.7 8 3 37.5%
9 Aug 19839 68.3 94.9% .32 5% 68.8 67.8 8 0 0.0%
10 Aug 1989 67.7 94.0% .28 .4% 68.1 67.4 8 0 0.0%
11 Aug 1989 65.7 91.2% 2.56 3.9% 71.1 63.4 8 1 12.5%
12 Aug 1989 70.2 97.4% 1.49 2.1% 73.1 69.1 6 6 100.0%
13 Aug 1989 69.6 96.6% 1.00 1.4% 70.8 67.6 8 6 75.0%
14 Aug 1989 69.6 96.7% .75 1.1% 70.6 68.3 7 6 85.7%
15 Aug 1989 70.1 97.4% .34 5% 70.6 69.6 7 7 100.0%
16 Aug 1988 1.1 98.7% 2.51 3.5% 73.9 87.4 8 8 75.0%
Summary 71.0 98.6% n 4.4% 78.2 63.4 176 103 58.5%
Gallium Arsenide - IRT (Mice)
GaRs - Room
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 Aug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice)

Summary Data for: GaAs -

From 25 Jul 1989 through 16 Aug 1989

0 mg/m*3  /Temparature Range= 72.0 to 78.0
Date Mean % Target Std Dev % RSO Max{imym Minimum N N in %N _in
25 Jul 1989 75.4 100.6% .83 1.1% 76.5 74.5 6 "B 100.0%
26 Jul 1989 75.9 101.1% .87 1.1% 76.9 74.8 8 8 100.0%
27 Jul 1989 76.1 101.5% 1.08 1.4% 78.2 74.8 8 7 87.5%
28 Jul 1989 75.4 100.6% .81 1.1% 76.9 74.8 8 8 100.0%
29 Jul 1989 75.4 100.5% .48 6% 76,1 74.7 8 8 100.0%
30 Jul 1989 76.4 101.9% .55 % 77.0 75.3 8 8 100.0%
31 Jul 1989 76.8 102.,4% .64 .8% 77.7 75.9 8 8 100.0%
1 Aug 1989 77.2 102.9% .68 9% 78.2 76.3 7 [ 85.7%
2 Aug 1989 75.0 100.0% 1.23 1.6% 77.7 73.8 8 8 100.0%
3 Aug 1989 74.7 99.6% 1.43 1.9% 76.3 72.1 7 7 100, 0%
4 Aug 1989 74.2 99.0% 1.06 1.4% 75.8 73.1 8 8 100.0%
5 Aug 1989 76.1 101.5% 1.09 1.4% 7.7 74.9 6 6 100.0%
6 Aug 1989 75.7 100.9% 1.32 1.7% 77.4 73.8 7 7 100.0%
7 Aug 1989 76.8 102.4% 1.02 1.3% 77.9 75.3 8 8 100.0%
8 Aug 1989 75.8 101.1% .87 1.1% 76.8 74.8 6 6 100.0%
9 Aug 1989 75.5 100.6% 1.43 1.9% 77.5 73.8 7 7 100.0%
10 Aug 1989 74.6 99, 4% 1.14 1.5% 76.4 73.2 8 8 100.0%
11 Aug 1989 74.3 99.1% .65 9% 75.3 73.5 7 7 100.0%
12 Aug 1989 76.6 102.1% .76 1.0% 77.3 75.6 6 6 100.0%
13 Aug 1989 76.0 101.45 1.22 1.6% 77.4 74.7 7 7 100.0%
14 Aug 1989 75.6 100.8% .92 1.2% 77.3 74.7 6 6 100.0%
15 Aug 1989 74.8 99.7% .70 9% 75.4 73.9 6 ] 100.0%
16 Aug 1989 74.6 99, 5% 1.96 2.6% 76.7 71.7 8 7 87.5%
Summary 75.6 100.8% 1.28 1.7% 78.2 .7 166 163 98.2%
Gallium Arsenide - IRT (Mice)
Gafs @ mg/m~3
Daily Mean & Standard Deviation
, From 25 Jul 1988 through 16 Rug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1989 through 16 Augq 1989

Summary Data for: GaAs - 10 mg/m"3 /Temperature Range= 72.0 to 78.0
Date Mearn % Target Std_Dev % RSO Maximum Hinimum N N {n %N in
25 Jul 1989 73.3 97.7% .96 1.3% 74.5 72.3 6 6 100, 0%
26 Jul 1989 73.5 97.9% .86 1.2% 74.7 72.3 8 8 100, 0%
27 Jul 1989 73.4 97.8% 1.04 1.4% 75.2 72.3 8 8 100.0%
28 Jul 1988 73.1 97 .4% .54 % 73.9 72.2 8 8 100.0%
29 Jul 1989 73.2 a7.7% .46 6% 73.8 - 72.3 8 8 100, 0%
30 Jul 1989 73.4 97.8% .60 8% 74,2 72.3 8 8 100.0%
31 Jul 1989 76.0 101.3% .86 1.1% 18.7 74.0 8 8 100,0%
1 Aug 1989 76.7 102.2% 1.05 1.4% 78.0 75.2 7 8 85.7%
2 Aug 1989 78,3 101.7% 1.07 1.4% 7.7 74.6 8 8 100.0%
3 Aug 1989 76.0 101.4% 1.16 1.5% 77.2 73.7 7 7 100.0%
4 Aug 1989 75.1 100.2% 41 ,5% 75.5 74.5 8 8 100.0%
5 Aug 1989 75.7 101.0% 1.50 ©2.0% 78.3 74,1 6 5 83.3%
6 Aug 1989 76.4 101.9% 1.33 1.7% 78.1 74.5 7 6 85.7%
7 Aug 1989 77.2 102.9% 1.01 1.3% 78.2 75.6 8 6 75.0%
8 Aug 1989 75.9 101.2% 72 9% 76.8 75.0 6 6 100.0%
9 Aug 1988 75.4 100.6% 1.24 1.6% 77.5 73.9 7 7 100.0%
10 Aug 1989 74.9 99.9% .92 1.2% 76.1 73.4 8 8 100.0%
11 Aug 1989 74.5 99.3% .70 9% 75.4 73.7 7 7 100.0%
12 Aug 1989 76.3 101.8% .83 .8% 7.2 : 75.8 6 ) 100.0%
13 Aug 1989 76.2 101.6% .79 1.0% 77.1 75.0 7 7 100, 0%
14 Aug 1989 75.3 100.4% 1.10 1.5% . 7.1 74.0 6 6 100.0%
15 Aug 1989 73.7 98.3% .45 . 6% 74.1 73.1 6 6 100.0%
16 Aug 1989 73.5 98.1% 117 1.6% 74.9 _71.5 8 7 _87.5%
Summary 75.0 99.9% 1.59 2.1% 78.3 71.5 166 160 96.4%
Gallium Arsenide - IRT (Mice)
GaAs - 18 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 Rug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice) From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 37 mg/m°3 /Temperature Range= 72.0 to 78.0
‘ Dace Mean % Target Std Dev % RSD Maximum Minimum N N in %N in
25 Jul 1889 72.8 87.2% 1.01 1.4% 74.2 71.7 ‘6 5 83.3%
26 Jul 1989 72 5 98.0% 1.08 1.5% 75.0 71.5 8 7 ~ 87.5%
27 Jul 1989 73.8 98.5% 1.14 1.5% 75.6 72.6 8 8 100.0%
28 Jul 1989 73.4 97.9% : .83 1.1% 75.1 72.8 8 8 100.0%
29 Jul 1988 73.4 97.8% .40 . 5% 74.0 72.7 8 8 100.0%
30 Jul 1983 74.2 98.9% .53 % 74.6 73.0 8 8 100.0%
31 Jui 1989 76.7 102.2% .93 1.2% 77.5 74.5 8 8 100.0%
1 Aug 1989 77.2 102.9% 1.16 1.5% 78.5 75.7 . 7 4 57.1%
2 Aug 1989 76.6 102.2% 1.52 2.0% 79.1 74.6 8 7 87.5%
3 Aug 1989 77.3 103.0% 1.08 1.4% 78.4 75.8 8 5 62.5%°
4 Aug 1989 77.3 103.1% 1.14 1.5% 78.9 76.0 8 5 62.5%
5 Aug 1889 /8.1 104.1% 1.89 2.4% 80.0 74.5 6 2 33.3%
6 Aug 1989 ©75.8 101.1% 1.43 1.9% 77.6 73.7 7 7 100.0%
7 Aug 1989 76.9 102.5% 1.05 1.4% 78.0 75.5 8 7 87.5%
8 Aug 19889 75.4 100.6% .75 1.0% 76.1 74.3 6 6 100.0%
9 Aug 1989 75.5 ©100.7% 1.38 1.8% 77.0 73.7 8 8 100.0%
10 Aug 1989 75.2 100.2% 1.05 1.4% 76.7 73.5 8 8 100.0%
11 Aua 1989 74.8 99.7% .69 9% 75.9 73.8 7 7 100.0%
12 Aug 1989 76.2 101.6% .95 1.2% 77.2 74.8 B 8 100.0%
13 Aug 1989 76.1 101.5% 94 1.2% 77.1 74.8 7 7 100.0%
14 Aug 1989 74.9 99.8% 1.16 1.6% 77.1 73.8 B 6 100.0%
15 Aug 1989 73.6 98.2% .54 % 74.2 72.8 8 6 100.0%
16 Aug 1989 73.5 98. 0% 1.16 1.6% 74.8 71.4 8 7 87.5%
Sunmary 75.3 100.4% 1.83 2.4% 80.0 71.4 168 150 89.3%
‘ ‘ Gallium Arsenide - IRT (Mice)
GaAs - 37 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 RAug 13883
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Daily Summation For Gallium Arsenide - IRT (Mice) From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 75 mg/m"3 /Temperature Range= 72.0 to 78.0
Date Mean % Target Std Dev % RSD Max imum Minimum N N in %N in
25 Jul 1989 73.5 97.9% 1.08 1.5% 74.8 72.2 6 6 100.0%
26 Jul 1989 74.2 98.9% .88 1.2% 75.1 72.9 7 7 100.0%
27 Ju) 1989 73.9 98.5% 1.23 1.7% 75.8 72.5 8 8 100.0%
28 Jul 1989 73.1 97.5% : .92 1.3% 75.0 72.4 7 7 100.0%
29 Jul 1989 73.6 98.1% .43 6% 74.5 73.2 7 7 100.0%
30 Jul 1989 74.6 99.5% .35 5% 75.1 74.3 7 7 100.0%
31 Jul 1988 76.8 102.4% W31 4% 77.2 76.5 7 7 100.0%
1 Aug 1989 77.7 103.6% .78 1.0% 78.6 77.0 6 4 66.7%
2 Aug 1989 76.7 102.3% .91 1.2% 78.6 75.8 8 7 87.5%
3 Aug 1989 76.3 101.8% ‘ .73 1.0% 77.2 75.2 7 7 100.0%
4 Aug 1989 75.3 100.4% 1.06 1.4% 76.3 73.5 8 8 100.0%
5 Aug 1989 76.6 102.1% 2.11 2.8% 78.7 73.2 5 4 80.0%
6 Aug 1989 74.1 98.7% 1.31 1.8% 75.6 71.9 7 8 85.7%
7 ‘Aug 1989 75.3 100.4% .67 9% 76.1 74.5 8 8 100.0%
8 Aug 1989 74.4 99.2% .62 .8% 75.4 73.4 7 7 100.0%
8 Aug 1989 73.6 98.2% .70 1.0% 74.5 72.7 7 7 100.0%
10 Aug 1989 73.1 97.4% .68 9% 73.7 72.0 7 7 100.0%
11 Aug 1989 72.7 96.9% .36 5% 73.3 72.3 [ 6 100.0%
12 Aug 1989 74.8 99.5% .60 8% 75.4 73.7 6 6 100.0%
13 Aug 1989 75.2 100.3% .64 .9% 76.3 74.3 7 7 100.0%
" 14 Aug 1983 74.7 99.6% .76 1.0% 76.1 73.9 6 6 100.0%
15 Aug 1988 74.2 98.9% .69 9% 74.8 73.2 6 6 100.0%
16 Aug 1989 73.8 98.4% 1.52 2.1% 75.6 1.7 7 [ 85.7%
Summary 74.7 99.6% 1.55 2.1% 78.7 71.7 157 151 96.2%

Gallium Arsenide = IRT (Mice)
GaRAs - 75 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 RAug 139889
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Da

il

ummation For Gallium Arsenide - [RT (Rats)

From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 0 mg/m"3 /Relative Humidity Range= 40.0 to 70.0
Date Mean % Target Std Dev % RSD Max i mum Yinfimum N N in % N in
29 Jul 1989 55.2 100.5% 3.1l 5.6% 60.0 50.0 8 8 100.0%
30 Jul 1989 55.7 101.4% 2.82 5.1% 59.0 51.0 8 8 100.0%
31 Jul 1989 58.5 106.4% 2.56 4.4% 64.0 56.0 8 8 100.0%
1 Aug 1989 8.9 107.0% 3.29 5.6% 63.0 54.0 7 7 100.0%
2 Aug 1989 61.8 112.3% 1.58 2.6% 64.0 59.0 8 8 100.0%
3 Aug 1989 60.3 109.5% 2.25 3.7% 63.0 57.0 8 8 100.0%
4 Aug 1989 62.3 113.2% 1.91 3.1% 64.0 59.0 8 8 100, 0%
5 Aug 1988 61.2 111.2% 5.49 9.0% §9.0 53.0 6 6 100.0%
6 Aug 1989 58.9 107.0% 3.29 5.6% 62.0 £2.0 7 7 100.0%
7 Aug 1989 61.8 112.3% 2.55 4.1% 65.0 58.0 8 8 100. 0%
8 Aug 1989 60.2 109.4% 4.26 7.1% 66.0 55.0 6 6 100, 0%
9 Aug 1989 61.8 112.3% 4.27 6.9% 69.0 57.0 8 8 100.0%
10 Aug 1989 61.0 110.9% 3.63 5.9% 66.0 56.0 8 8 100.0%
11 Aug 1989 61.9 112.5% 4.10 6.6% 66.0 57.0 7 7 100.0%
12 Aug 1989 59.5 108.2% 4.18 7.0% 64.0 53.0 6 6 100.0%
13 Aug 1989 60.9 110.6% 2.79 4.6% 64.0 56.0 7 7 100.0%
14 Aug 1989 53.0 96.4% 5.92 11.2% 66.0 48.0 7 7 100.0%
15 Aug 1989 49.0 89.1% 2.45 5.0% 52.0 45.0 6 6 100.0%
16 Aug 1989 50.0 90.9% 1.51 3.0% 53.0 48 .0 8 8 100. 0%
Summary 58.6 106.5% 5.02 8.6% 69.0 45.0 139 139 100.0%
Gallium RArsenide — IRT (Rats)
GaAs - 8 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 13883 through 16 Rug 1988
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" Daily Summation For Gallium Arsenide - [RT (Rats) From 29 Jul 1989 through 16 Aug 1989
Summary Data for: GaAs - 10 mg/m"3 /Relative Humidity Range= 40,0 to 70.0
Date Mean % Target Std Dev % RSD Maximum Minimum N N_in AN in
29 Jul 1989 63.8 115.9% 2.82 4. 4% 67.0 59.0 8 8 100:0%
30 Jul 1989 67.0 121.8% 2.56 3.8% - 69.0 61.0 8 8 100.0%
31 Ju' 1989 . 58.9 107.0% 5.41 9.2% 71.0 54.0 8 7 87.5%
1 Aug 1989 56.3 107 3% 3.77 6.7% 61.0 51.0 7 7 100.0%
2 Aug 1989 57.9 105.2% 3.09 5.3% 61.0 53.0 8 8 100.0%
3 Aug 1988 60.23 109.5% 3.73 6.2% 64.0 53.0 8 8 100.0%
4 Aug 1989 60.6 110.2% 7.33 12.1% 69.0 52.0 8 8 100.0%
5 Aug 1989 61.7 112.1% 5.28 8.6% 70.0 55.0 6 6 100.0%
6 Aug 1989 55.7 101.4% 4.30 7.7% 62.0 48.0 8 8 100.0%
7 Aug 1989 55.5 100.9% 4.00 7.2% 60.0 50.0 8" 8 100.0%
8 Aug 1989 55.3 100.6% 3.56 6.4% 60.0 51.0 6 6 100.0%
9 fug 1989 54.9 99.8% 4.67 8.5% 64.0 50.0 8 8 100.0%
10 Aug 1989 54.7 99.5% 4,27 7.8% 60.0 49.0 8 8 100.0%
11 Aug 1989 58.1 105.7% 4.22 7.3% 62.0 51.0 7 7 100.0%
12 Aug 1989 56.8 103.3% 3.54 6.2% 60.0 52.0 6 6 100.0%
13 Aug 1989 57.0 103.6% 4.47 7.8% 62.0 50.0 7 7 100.0%
14 Aug 1489 57.4 104.4% 2.76 4.8% 61.0 53.0 .7 7 100.0%
15 Aug 1983 54.0 '98.2% 2.31 4.3% 57.0 51.0 7 7 100.0%
16 Aug 1989 53.9 98.0% 3.04 5.7% 99.0 50.0 8 8 100.0%
Summary 57.9° 105.3% 5.19 9.0% 71.0 48.0 141 140 99.3%
Gallium RArsenide — IRT (Rats)
GaAs - 18 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 19839 through 16 Aug 19893
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Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 through 16 Aug 1989

Summéry Data for: GaAs - 37 mg/m"3  /Relative Humidity Range= 40.0 to 70.0
Qate _Mean % Target Std Dev % RSD Max imum Minimum N N in AN in
29 Jul 1989 58.0 105.5% 9.50 16.4% 66.0 43.0 8 8 100,0%
30 Jul 1989 59.9 108.9% 9.08 15.2% 67.0 44 .0 8 8 100.0%
31 Jul 1989 60.0 109. 1% 6.50 10.8% 68.0 48.0 8 8 100.0%
1 Aug 1989 57.9 105.2% 5.93 10.2% 64.0 49.0 7 7 100.0%
2 Aug 1989 58.5 106. 4% 6.52 11.2% 63.0 47.0 8 8 100.0%
3 Aug 19898 57.9 105.2% 5.36 9.3% 63.0 49.0 8 8 -100.0%
4 Aug 1989 55.5 100.9% 6.55 11.8% 61.0 47.0 8. 8 100.0%
5 Aug 1989 57.2 103.9% 6.55 11.5% 65.0 47.0 6 6 100.0%
6 Aug 1989 59.8 108.6% 6.48 10.8% 68.0 47.0 8 8 100.0%
7 Aug 1989 58.1 105.7% 6.58 11.3% 64.0 48.0 8 8 100.0%
8 Aug 1989 58.7 108.5% 6.86 11.5% 66.0 '50.0 6 6 100.0%
9 Aug 1988 58.9 107.0%° ' 5.36 9.1% 67.0 50.0 ‘8 8 100.0%
10 Aug 1989 55.9 101.6% 6.22 11.1% 62.0 45.0 . 8 8 100.0%
11 Aug 1989 56.1 102.1% 8.78 15.6% 63.0 43.0 7 7 100.0%
12 Aug 1989 55.8 101.9% 5.98 10.7% © 63.0 45.0 6 6 100.0%
13 Aug 1989 54,1 98.4% 8.63 15.9% 61.0 39.0 7 6 85.7%
14 Aug 1989 52.9 96.1% 8.45 16.0% 62.0 39.0 7 6 85.7%
15 Aug 1989 S51.4 93.5% 7.21 14.0% 58.0 39.0 7 6 85.7%
16 Aug 1989 51.7 94.1% 6.43 12.4% 60.0 41.0 8 8 100.0%
Summary 56.9 103. 4% 7.13 12.5% 68.0 39.0 141 138 97.9%
Gallium Arsenide - IRT (Rats)
GaAs = 37 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1983 through 16 Aug 1988
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Daily Summation For Gallium Arsenide - IRT {Rats)

From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 75 mg/m"3 /Relative Humidity Range= 40.0 to  70.0
Date Mean % Target Std Dey % RSD Max imum Minimum _ N N in %N in
29 Jul 1989 57.0 103.6% 10.56 18.5% 65.0 40.0 8 8 100.0%
30 Jul 1989 58.0 105.5% 7.39 12.7% 65.0 44.0 8 8 100.0%
31 Jul 1989 57.9 105.2% 7.66 13.2% 66.0 44.0 8 8 100.0%
1 Aug 1989 55.9 101.6% 7.97 14.3% 63.0 43.0 7 7 100.0%
2 Aug 1989 57.0 103.6% 6.00 10.5% 62.0 47.0 8 8 100.0%
3 Aug 1989 56.9 103.4% 6.83 12.0% 62.0 45,0 8 8 100.0%
4 Aug 1989 57.3 104.1% 6.11 10.7% 64.0 50.0 8 8 100.0%
S Aug 1989 59.2 107.6% 5.81 9.8% 64.0 49.0 6 6 100.0%
6 Aug 1989 56.8 103.2% 6.M2 10.6% 62.0 45.0 8 8 100.0%
7 Aug 1989 54.6 99.3% 6.74 12.3% 62.0 44.0 8 8 100.0%
8 Aug 1989 53.0 96.4% 7.95 15.0% 60.0 42.0 6 6 100.0%
9 Aug 1989 54.5 99.1% 8.19 15.0% 66.0 42.0 8 8 100.0%
10 Aug 1989 53.4 97.0% 6.76 12.7% 61.0 43.0 8 8 100.0%
11 Aug 1989 55.0 100.0% 9.54 17.3% 84.0 41.0 7 7 100.0%
12 Aug 1989 56.0 101.8% 5.87 10.5% 61.0 45.0 ] 6 100.0%
13 Aug 1989 56.1 102.1% 6.07 10.8% 61.0 44.0 7 7 100.0%
14 Aug 1989 53.4 97.1% 8.98 16.8% 63.0 41.0 7 7 100.0%
15 Aug 1989 49.6 90.1% 5.86 11.8% 55.0 39.0 7 6 85.7%
16_Aug_ 1989 48.6 88.4% 6.41 13.2% 55.0 38.0 8 6 75.0%
Summary '85.3 100.5% 7.35 13.3% 66.0 38.0 141 138 97.9%
Gallium Arsenide — IRT (Rats)
GaRs - 75 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1983 through 16 Rug 1889
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Daily Summation For Gallium Arsenide - [RT (Mice)

From 25 Jul 1989 through 16 Aug 1988

Summary Data for: GaAs - 0 mg/m’3 /Relative Humidity Range= 40.0 to 70.0
Date Mean. % Tarqet Std Oev % RSD Maximum M1 nimum N M in % N in
25 Jul 1989 47.7 86.8% 1.1l 2.3% 49.0 46.0 7 7 100,0%
26 Jul 1989 48,1 87.5% 2.03 4.2% 51.0 46.90 8 8 100.0%
27 Jul 1988 48.9 88.8% 5.61 11.5% 54.0 42,0 7 7 100.0%
28 Jul 1989 54.2 98.6% 3. 5.7% 57.0 49.0 8 8 100, 0%
29 Jul 1989 55.2 100.5% 3.1l 5.6% 60.0 50.0 8 8 100.0%
30 Jul 1989 S8.7 101.4% 2.82 5.1% 59.0 51.0 8 8 100.0%
31 Jul 1989 58.5 106.4% 2.56 C4.4% 64.0 56.0 8 8 100.0%
1 Aug 1989 58.9 107.0% 3.29 5.6% 63.0 54.0 7 7 100.0%
2 Aug 1989 61.8 112.3% 1.58 2.6% 64.0 59.0 8 8 100.0%
3 Aug 1989 60.3 109, 5% 2.25 3.7% 63.0 57.0 8 8 100.0%
4 Aug 1989 62.3 113.2% 1.91 3.1% 64.0 59.0 8 8 100.0%
5 Aug 1989 61.2 111.2% 5.49 9.0% 69.0 53.0 6 6 100.0%
6 Aug 1989 58.9 107.0% 3.28 5.6% 62.0 53.0 7 7 100.0%
7 Aug 1989 61.8 112.3% 2.55 4.1% 65.0 58.0 8 8 100.0%
8 Aug 1989 60.2 109. 4% 4.26 7.1% 66.0 55.0 6 6 100.0%
9 Aug 1989 61.8 112.3% 4,27 6.9% 69.0 57.0 8 8 100.0%
10 Aug 1989 61.0 110.9% 3.63 5.9% 66.0 56.0 8 8 100.0%
11 Aug 1988 61.9 112.5% 4.10 6.6% 66.0 57.0 7 7 100.0%
12 Aug 1989 59.5 108.2% 4,18 7.0% 64.0 53.0 8 6 100.0%
13 Aug 1989 60.9 110.6% 2.79 4.6% 64.0 56.0 7 7 100.0%
14 Aug 1989 53.0 96.4% §5.92 11.2% 66.0 48.0 7 7 100.0%
15 Aug 1989 49.0 89.1% 2.45 5.0% 52.0 45.0 6 6 100.0%
16 Aug 1989 50.0 90.9% 1.51 3.0% 53.0 439.0 8 8 100.0%
Summary 57.0 103.6% 5.91 10.4% 69.0 42.0 169 169 100.0%
Gallium Arsenide - IRT (Mice)
GaRs - 8 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 18989 through 16 Rug 1888
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Datly Summation For Gallium Arsenide - [RT (Micel

From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 10 mg/m°3 /Relative Kumidity Ranges 40.0 to 70.0
Date Mean % Target Std Oev % RSO Max {mum Minimum N N in AN in
25 Jul 1989 59,5 108.2% 2.26 3.8% 63.0 | 57.0 6 6 100.0%
26 Jul 1989 57.9 105.2% 1.81 3.1% 60.0 55.0 8 8 100.0%
27 Jul '989 57.0 103.6% 4,47 7.8% 61.0 51.0 7 7 100, 0%
28 Jul 1989 60.5 110.0% 3.66 6.1% 65.0 55.0 8 8 100.0%
29 Jul 1989 63.8 115,04 2.82 4.4% 67.0 59.0 8 8 100.0%
30 Jul 1989 67.0 121.8% 2.56 3.8% 69.0 61.0 8 8 100.0%
31 Jul 1989 58.9 107.0% 5.41 9.2% 71.0 54.0 8 7 87.5%
1 Aug 1989 56.3 102.3% San 8.7% 61.0 51.0 7 7 100,0%
2 Aug 1989 57.9 105.2% 3.09 5.3% 61.0 53.0 8 8 100.0%
3 Aug 1989 60.3 109, 5% 3.73 6.2% 64.0 53.0 8 8 100.0%
4 Aug 1989 60.6 110.2% 7.33 12.1% 69.0 52.0 8 8 100.0%
5 Aug 1989 61.7 112.1% 5.28 8.6% 70.0 55.0 6 6 100.0%
6 Aug 1989 55.7 101.4% 4.30 1.7% 62.0 48,0 8 8 100.0%
7 Aug 1988 55.5 100.9% 4.00 7.2% 60.0 50.0 8 8 100.0%
8 Aug 1989 55.3 100.6% 3.56 6.4% 60.0 51.0 6 6 100.0%
9 Aug 1989 54.9 99.8% 4.67 8.5% 64.0 50.0 8 8 100.0%
1C Aug 1989 54.7 99, 5% 4.27 7.8% 60.0 49.0 8 8 100.0%
11 Aug 1989 58.1 105.7% 4.22 7.3% 62.0 51.0 7 7 100.0%
12 Aug 1989 56.8 103.3% 3.54 6.2% 60.0 52.0 8 6 100.0%
13 Aug 1989 57.0 103.6% 4,47 7.8% 62.0 50.0 7 7 100.0%
14 Aug 1989 57.4° 104.4% 2.76 4,8% 61.0 53.0 7 7 100.0%
15 Aug 1989 54.0 98.2% 2.31 4.3% 57.0 51.0 7 7 100.0%
16 Aug 1989 53.9 98. 0% 3.04 5.1% 59.0 50.0 8 8 100.0%
Summary 58.1 105.6% 4.92 8.5% 71.0 48.0 170 169 99.4%
Gallium RArsenide - IRT (Mice)
GaAs - 10 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 Aug 13889
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Daily Summation For Gallium Arsenide - [RT (Mice)

Summary Data for: GaAs -

From 25 Jul 1989 throu- 16 Aug 1989

37 mg/m"3

/Relative Humidity iange= 40.0 to  70.0
Date Mean %_Target Std Dev % RSO Max i mum Minimum N M in %N in
25 Jul 1989 51.1 93.0% 7.06 13.8% 58.0 41.0 7 7 100.0%
28 Jul 1989 54.2 98.6% 9.02 16.6% §1.0 39.0 8 7 87. 5%
27 Jul 1989 54.3 98.7% 8.81 16.2% §0.0 41.0 7 7 100, 0%
28 Jul 1989 54.0 98.2% 8.00 14.8% 60.0 39.0 8 7 87.5%
29 Jul 1989 58.0 105.5% 9.50 16.4% §6.0 43.0 8 8 100.0%
30 Jul 1988 59.9 108.9% 9.08 15.2% 87.0 44.0 8 8 100.0%
31 Jul 1989 60.0 109, 1% 6.50 10.8% §8.0 48.0 8 8 100, 0%
| Aug 1989 57.9 105.2% 5.93 10.2% §4.0 49.0 7 7 100.0%
2 Aug 1989 58.5 106. 4% 6.52 11.2% §3.0 47.0 8 8 100.0%
3 Aug 1989 57.9 105.2% 5.36 9.3% §3.0 49.0 8 8 100.0%
4 Aug 1989 55.5 100.9% 6.55 11.8% 61.0 47.0 8 8 100.0%
5 Aug 1989 §7.2 103.9% 6.55 11.5% 85.0 47.0 6 6 100.0%
6 Aug 1989 59.8 108.6% 5.48 10.8% 8.0  47.0 8 8 100.0%
7 Aug 1989 58.1 105.7% 6.58 11.3% §4.0 48.0 8 8 100, 0%
8 Aug 1989 59.7 108.5% 6.86 11.5% 86.0 50.0 § 6 100.0%
9 Aug 1389 58.9 107.0% 5.36 9.1% §7.0 50.0 8 8 100.0%
10 Aug 1989 55.9 101.6% §.22 11.1% 62.0 45.0 8 8. 100.0%
11 Aug 1989 56.1 102.1% 8.78 15.6% 83.0 43.0 7 7 100.0%
12 Aug 1989 55.8 101.5% 5.98 10.7% §3.0 45.0 § 8 100.0%
13 Aug 1989 54.1 98. 4% 8.63 15.9% 81.0 39.0 7 8 85.7%
14 Aug 1989 52.9 96.1% 8.45 16.0% 82.0 39.0 7 6 85.7%
15 Aug 1989 51.4 93.5% 7.21 14.0% 58.0 39.0 7 6 85.7%
16 Aug 1989 §1.7 94.1% §.43 12.4% 0.0 - 41.0 8 8 100.0%
Summary 56.3 102.3% 7.37 13.1% 68.0 39.0 17 166 97.1%
Gallium RArsenide - IRT (Mice)
GaRs 37 mg/m~3
Daily Mear 8 Standard Deviation
From 25 Jul 1883 through 16 Rug 139893
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Datly Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1989 through |6 Aug 1989

Summary Data for: GaAs - 75 mg/m"3 /Relative Humidity Raiige= 40.0 to 70.0
Date Mean % Jarget Std Dev % RSD Max {mym Minimum N N in AN in
25 Jul 1989 55.1 100,3% 8.97 16.3% 65.0 42,0 7 7 100.0%
26 Jul 1989 57.1 103.9% 10.82 18.9% 65.0 38.0 8 7 87.5%
27 Jul 1989 56.0 101.8% 11.72 20.9% 66.0 39.0 7 5 71.4%
28 Jul 1989 56.2 102.3% 10.36 18.4% 68.0 40.0 8 8 100.0%
29 Jul 1989 57.0 103.6% 10.56 18.5% 65.0 40.0 8 8 100.0%
30 Jul 1989 58.0 105.5% 7.39 12.7% 65.0 4.0 8 8 100.0%
31 Jul 1989 57.9 105.2% 7.66 13.2% 66.0 44,0 8 8 100.0%
1 Aug 1989 55.9 101.6% 7.97 14.3% 63.0 43.0 7 7 100.0%
2 Aug 1983 57.0 103.6% 6.00 10.5% 62.0 47.0 8 8 100.0%
3 Aug 1989 56.9 103.4% 6.83 12.0% 62.0 45.0 8 8 100.0%
4 Aug 1989 57.3 104.1% 6.11 10.7% 64.0 50.0 8 8 100.0%
5 Aug 1989 59.2 107.6% 5.81 9.8% 64.0 49.0 6 6 100.0%
6 Aug 1989 56.8 103.2% 6.02 10.6% 62.0 45.0 8 8 100.0%
7 Aug 1989 54.6 99.3% 6.74 12.3% 62.0 44.0 8 8 100.0%
8 Aug 1989 53.0 96.4% 7.95 15.0% 60.0 42.0 6 6 100.0%
9 Aug 1989 54.5 99.1% 8.19 15.0% 66.0 42.0 8 8 100. 0%
10 Aug 1989 53.4 97.0% 6.76 12.7% 61.0 43.0 8 8 100.0%
11 Aug 1989 55.0 100.0% 9.54 17.3% 64.0 41.0 7 7 100.0%
12 Aug 1989 56.0 101.8% 5.87 10.5% 61.0 45,0 6 8 100.0%
13 Aug 1989 56.1 102.1% 6,07 10.8% 61.0 44.0 7 7 100.0%
14 Aug 1989 53.4 97.1% 8.98 16.8% 63.0 41.0 7 7 100.0%
15 Aug 1989 49.8 90.1% 5.86 11.8% 55.0 39.0 7 6 85.7%
16 Aug 1989 48.6 88.4% 6,41 13.2% 55,0 38.0 8 8 75.0%
Summary 55.4 100.8% 7.85 " 14.2% 68.0 38.0 171 165 9€.5%
Gallium Arsenide - IRT (Mice)
GaRs - 7?5 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1888 through 16 Aug 13988
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Exhaust Airflow Data
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Daitly Summation For_Gallium Arsenide - 1RT_(Rats) From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 0 mg/m"2 /Exraust Air Flow Range= 12.0 to 18.0
Qate Mean _ % Target Std ey % RSO daximum Minimum_ N N oin % H_in
29 Jul 1989 16.2 107.8% [ A% 18.2 16.1 9 9 100, 0%
30 Jul 1989 16.1 107.7% LL04 .34 16.2 16.1 9 9 100.0%
31 Jul 1989 16.1 107.5% § .04 2% 16,2 16,1 8 8 100.0%
1 Aug 1989 16.1 107.4% .08 5% 16.2 15.9 9 9 100, 0%
2 Aug 1989 15.9 105.9% .08 4% 16.0 15.8 9 g 100. 0%
3 Aug 1989 15.0 99.7% | .1 4.8% 15.9 14.4 9 9 100. 0%
4 Aug 1989 13.9 92.7% Y 5% 14.0 13.8 7 7 100, 0%
5 Aug 1983 14.9 99.1% I 44 2.9% 15,1 13.9 7 7 100.0%
6 Aug 1989 15.0 100.1% T .3% 15.1 15.0 8 8 100.0%
7 Aug 1989 15.0 100, 0% .06 4% 15,1 14.9 8 8 100. 0%
8 Aug 1989 15.0 100. 1% .08 5% 15.1 14.9 8 8 100. 0%
9 Aug 1989 14.9 99.6% .30 2.0% 15.2 4.2 8 8 100. 0%
10 Aug 1989 15.1 100.5% .08 5% 15.2 15.0 8 '8 100.0%
11 Aug 1989 15.1 100.6% L7 5% 15.2 15.0 9 ] 100, 0%
12 Aug 1989 15.0 100.3% C04 .3% 15.1 15.0 8 6 100.0%
13 Aug 1983 15.0 100.3% .08 .5% 15,2 15.0 8 8 100. 0%
14 Aug 1989 15.0 100. 0% 13 8% 15.2 14.9 7 7 106.0%
15 Aug 1989 14.9 99.6% .06 4% 15.1 14.9 7 7 100, 0%
16 Aug 1989 14.0 93.1% 60 4.3% 15.0 13.6 8 8 100.0%
Summary 15.2 101.4% .69 4,5% 16,2 13.6 152 152 100. 0%
Gallium Arsenide - IRT (Rats)
GaRs - 8 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1889 through 16 Rug 1989
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Jaily Summation For Gallium Arsenide - [RT (Raty)

From 29 Jul 1989 through |8 Aug 1989

Summary Data for: GaAs - 10 mg/m"3 /Exhaust Air Flow Range= 12.0 to 18.0
Date Mean % Target Std Dev % RSO Maximum Minimum N N in %N in
29 Jul 1989 13.8 90,9% .22 1.6% 13.8 13.4 9 9 100.0%
30 Jul 1989 14.0 93.6% .09 6% 14,2 13.9 9 9 100.0% .
31 Jul 1989 14.2 94, 4% 07 . 5% 14,3 14.1 8 8 100.0% P
1 Aug 1989 14.2 94, 5% .08 . 6% 14.3 14.0 9 9 100.0% s
2 Aug 1989 14.2 94,9% .16 1.1% 14.4 14.0 9 9 100.0% f )
3 Aug 1989 14.4 95,9% .16 1.1% 14.5 14.1 9 9 100, 0% (
4 Aug 1989 13.8 91.9% .22 C1.6% 14.1 13,6 7 7 100.0%
5§ Aug 1989 14.6 97 1% .98 6.6% 16.0 13.5 7 7 100.0%.
6 Aug 1989 15.1 100.5% .65 4,3% 16.0 13.8 8 8 100.0%
7 Aug 1989 14.7 98.2% .27 1.8% 15.3 14,5 8 8 100.0%
8 Aug 1989 14.6 97.5% .49 3.4% 15.1 13.9 8 8 100, 0%
9 Aug 1989 14.8 98, 6% .60 4,1% 15.7 13.6 9 9 100.0%
10 Aug 1989 14.6 ©97.6% .34 2.4% 15.0 14.1 8 8 100.0%
11 Aug 1989 14.6 97.5% .35 2.4% 14.8 14.0 9 9 100.0%
12 Aug 1989 14,7 97.9% .39 2.6% 14.9 13.9 ] 8 100.0%
13 Aug 1989 14.7 97.9% .40 2.7% 15.2 14.0 8 8 100.0%
14 Aug 1989 14.6 97.1% 12 .8% 14.8 14.4 7 7 100.0%
15 Aug 1989 14.2 94.,8% .39 2.8% 14.5 13.5 7 7 100.0%
16_Augq_1989 14.3 95 3% /186 1.1% 14.5 14.0 8 8 100.0%
Summary 14.4 96.1% .51 3.5% 16.0 13.4 153 153 100.0%
Gallium Arsenide - IRT (Rats) '
GaRs - 1@ mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1989 through 16 RAug 19893
RS
Ll
-~
b
L @
O R
3 o
o 7
L 5
(8]
L | @
2] i s _
T I O A AT :
o [ | [ “u z
" -
2 :
m ¢
L L0 "
X ot
"
-1,"'
RO T T T T T T T L T T T T T T \ T T
@ ) " % »? S 7 S i e
) 18 K s @ @ @ [4d X
'Ly-,-, ; v h o ? @ 2 b




Daily Summation For Gallium Arsenide - IRT (Rats)

From 29 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 37 mg/mf3 /Exhaust Air Flow ; Range= 12.0 to 18.0
Date Mean % Target Std Dev % RSD Maximum Minimum N N in % N in
29 Jul 1989 13.4 89.3% .41 3.1% 13.7 12.4 9 9 100.0%
30 Jul 1989 13.4 89.4% .B5 4.9% 14.2 12.3 9 9 100.0%
31 Jul 1989 13.6 90.8% .32 2.4% 13.9 13.2 8 8 100.0%
1 Aug 1988 13.5 90.1% .31 2.3% 13.9 12.8 ] 9 100.0%
2 Aug 1989 13.8 91.9% .47 3.4% 14.2 13.1 9 ] . 100.0%
3 Aug 1989 13.8 90.4% .41 3.0% 14.2 12.8 9 9 100.0%
4 Aug 1989 13.2 88.3% .24 1.8% 13.5 12.9 7 7 100.0%
5 Aug 1988 14.9 99.4% 1.08 7.2% 16.3 13.4 8 8 100.9%
‘6 Aug 1989 14.7 88.2% 1.18 8.0% 16.3 12.8 8 8 100.0%
7 Aug 1989 14,0 93.6% .49 3.5% 15.1 13.5 8 8 100.0%
8 Aug 1988 14.0 93.4% .38 2.7% 14.4 13.3 8 8 100.0%
9 Aug 1989 13.7 91.5% .70 5.1% 15.4 12.9 ] 9 100.0%
10 Aug 1989 13.6 - 90.6% .32 2.3% 13.9 - 13.0 8 8 100.0%
11 Aug 1988 13.6 91.0% .32 2.4% 13.9 13.0 9 9 100.0%
12 Aug 1989 13.9 g2.4% 27 1.9% 14.0 13.3 6 3 100.0%
13 Aug 1989 13.8 92.1% .32 2.3% 14.2 13.5 8 8 100.0%
14 Aug 1989 13.7 91.4% .64 4.7% 14.2 12.9 7 7 100.0%
15 Aug 1989 13.7 91.5% .60 4.4% 14.1 12.6 7 7 100.0%
16 Aug 1989 14.0 93.1% .63 4.5% 14.5 12.9 8 8 100.0%
Summary 13.8 92.0% .67 4.9% 16.3 12.3 154 154 100.0%
Gallium Arsenide - IRT (Rats)
GaRs = 37 mg/m~3
Daily Mean & Standard Deviation
From 28 Jul 1883 through 16 Rug 1989
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Daily Summation For Galliuym Arsenide - IRT (Rats)

From 28 Jul 19838 through 16 Aug 1989

Summary Data for: GaAs - 75 mg/m"3  /Exhaust Air Flow Range= 12.0 to 18.0
Date Mean % Target Std Dev % RSD Maximum Minimum N N in % N in
29 Jul 1989 . 13.8 91.7% .15 1.1% 14.1 13.6 9 9 100.0%
30 Jul 1989 13.7 91.2% .08 6% 13.8 13.6 9 9 100,0%
31 Ju) 1989 14.1 93.7% .46 3.3% 14.5 13.5 8 8 100.0%
1 Aug 1989 14.1 94.1% .51 3.6% 14.8 13.2 9 9 100.0%
2 Aug 1988 14.6 97.7% .85 5.8% 15.4 13.3 9 ] 100.0%
3 Aug 1989 14.4 96.1% .B5 4.5% 15.4 13.2 9 9 100.0%
4 Aug 1989 14.1 93.9% .72 5.1% 14.7 13.2 7 7 100.0%
S Aug 1988 15.0 100.1% 1.02 6.8% 16.5 "13.4 8 8 100.0%
A Aug 1989 15.2 101.3% .58 3.8% 18.5 14.5 8 8 100.0%
7 Aug 1989 14.7 97.8% .64 4.3% 15.3 13.6 8 8 100.0%
8 Aug 1989 14.7 97.8% .65 4.4% 15.2 13.8 8 8 100.0%
9 Aug 1989 14.5 96.9% 1.10 7.6% 17.0 13.3 9 9 100.0%
10 Aug 1989 14.3 95.1% .58 4.0% 14.7 13.2 8 8 100.0%
11 Aug 1989 14.3 95.4% .45 3.1% 14.8 13.3 9 9 100.0%
12 Aug 1989 14.4 95.9% .47 3.3% 14.8 13.4 6 6 100.0%
13 Aug 1989 14.3 - 85.6% .42 2.9% 14.9 13.8 8 8 100.0%
14 Aug 1989 13.8 92.1% .31 2.2% 14.5 13.5 7 7 100.0%
15 Aug 1988 13.4 89.3% .28 2.1% 13.9 13.2 7. 7 100.0%
16 Aug 1989 13.0 87.0% .43 3.3% 13.8 12.7 8 8 100.0%
Summary 14.2 94.,9% 77 5.4% 17.0 12.7 154 154 100.0%
Gallium Arsenide — IRT (Rats)
GaAs - 75 mg/m~3
Daily Mean & Standard Deviation
From 29 Jul 1889 through 16 Aug 1988
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Daily Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1983 through 16 Aug 1989

Summary Data for: GaAs - 0 mg/m"3 /Exhaust Afr Flow Range= 12.0 to 18.0
Date Mean % Target Std Dev % RSO Maximum Minimum N N in % N in
25 Jul 1989 14.9 99.4% .08 4% 15.0 14.9 6 [ 100.0%
26 Jul 1989 14,2 94.,9% L3 2.3% 14.9 14.0 8 8 100.0%
27 Jul 1989 14.9 99.1% .44 3.0% 15.4 14.5 8 8 100.0%
28 Jul 1989 15.8 105.2% .40 2.5% 16.2 15.4 3 8 100.0%
29 Jul 1989 16.2 107.8% .02 A% 16.2 16.1 9 9 100.0%
30 Jul 1989 16.1 107.7% .04 3% 16.2 16.1 9 9 100.0%
31 Jul 1989 16.1 107.5% .04 2% 16.2 16.1 8 8 100.0%
1 Aug 1988 16.1 107.4% .08 .5% 16.2 15.9 9 9 100.0%
2 Aug 1988 15.8 105.9% .06 4% 16,0 15.8 9 9 100.0%
3 Aug 1989 15.0 99.7% Tl 4.8% 15.9 14,4 9 9 100.0%
4 Aug 1988 13.9 92.7% .07 5% 14.0 13.8 7 7 100.0%
5 Aug 1989 14.9 98.1% .44 2.9% 15.1 13.9 7 7 100.0%
6 Aug 1989 15.0 100.1% .04 L3% 15.1 15.0 8 8 100.0%
7 Aug 1988 “15.0 100.0% .08 4% 15.1 14.9 8 8 100.0%
8 Aug 1989 15.0 100.1% - .08 5% 15.1 14.9 8 8 100.0%
9 Aug 1989 14.9 99.6% .30 2.0% 15.2 14.2 8 8 100.0%
10 Aug 1989 15.1 100.5% .08 5% 15.2 15.0 8 8 100.0%
11 Aug 1989 15.1 100.6% .07 5% 15.2 15.0 9 9 100.0%
12 Aug 1989 15.0 100.3% .04 3% 15.1 15.0 6 6 100.0%
13 Aug 1989 15.0 100.3% .08 5% 15.2 15.0 8 8 100.0%
14 Aug 1989 15.0 100.0% .13 8% 15.2 14.9 7 7 100.0%
15 Aug 1989 14.9 99.6% .06 4% 15.1 14.9 7 7 100.0%
16 Aua 1989 14.0 93.1% _.60 4.3% 15.0 13.6 8 8 100.0%
Summary 15.2 101.1% .69 4.6% 16.2 13.6 182 182 100.0%
Gallium Arsenide — IRT (Mice)
GaRs - @ mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1889 through 16 RAug 13988
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Daily Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs.- 10 mg/m"3

/Exhaust Air Flow

Range=

12.0 to

18.0

Date Mean % Target Std Dev % RSD Maximum Minimum N N in % N in
25 Jul 1989 15.4 102.5% A7 1.1% 15.7 15.3 6 6 100.0%
26 Jul 1989 14.3 95.1% .58 4.0% 15.3 13.8 8 8 100.0%
27 Jul 1989 14.8 98.6% .15 1.0% 15.0 14.5 8 8 100.0%
28 Jul 1989 13.9 92.8% .70 5.0% 14.9 13.3 8 8 100, 0%
29 Jul 1988 13.6 90.9% .22 1.6% 13.8 13.4 9 9 100.0%
30 Jul 1989 14.0 93.6% .09 .B% 14.2 13.9 9 9 100.0%
31 Jul 1989 14.2 94.4% .07 5% 14.3 14.1 8 8 100.0%
1 Aug 1988 14.2 94.5% .08 .B% 14.3 14.0 9 ] 100.0%
2 Aug 1989 14.2 94.9% .16 1.1% 14.4 14.0 9 ] 100.0%
3 Aug 1388 14.4 95.9% .16 1.1% 14.5 14.1 9 9 100.0%
4 Aug 1989 13.8 91.9% .22 1.6% 14.1 13.6 7 7 100.0%
5 Aug 1989 14.6 97.1% .96 6.6% 16.0 13.5 7 7 100.0%
6 Aug 1989 15.1 100.5% .65 4,3% 16.0 13.8 8. 8 100.0%
7 Aug 1389 14.7 98.2% .27 1.8% 15.3 14.5 8 8 100.0%
8 Aug 1989 14.6 97.5% .49 3.4% 15.1 13.9 8 8 100.0%
9 Aug 1989 14.8 98.6% .60 4.1% 15.7 13.6 9 9 100.0%
10 Aug 1989 14.6 97.6% .34 2.4% 15.0 14.1 8 8 100.0%
11 Aug 1989 14,6 97.5% .35 2.4% 14.8 14.0 9 9 100.0%
12 Aug 1989 14.7 97.9% .39 2.6% 14.9 13.9 6 6 100.0%
13 Aug 1989 14.7 97.9% .40 2.7% 15.2 14.0 8 8 100.0%
14 Aug 1989 14.6 97.1% .12 .8% 14.8 14.4 7 7 100.0%
15 Aug 1989 14.2 94.8% .39 2.8% 14.5 13.5 7 7 100.0%
16 _Aug 1989 14.3 95.3% .16 1.1% 14.5 14.0 8 8 100. 0%
Summary 14.4 96.2% .54 3.8% 16.0 13.3 183 183 ., 100.0%
Gallium Arsenide - IRT (Mice)
GafAs - 18 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 Aug 19883
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Daily Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1983 through 16 Aug 1989

Summary Data for: GaAs - 37 mg/m’3 /Exhaust Air Flow Range= 12.0 to 18.0
Date Mean % Target Std Dev % _RSD Max i mum Minimum N N in % N in
25 Jul 1989 13.9 92.9% 1.00 7.2% 14.6 12.3 6 6 100.0%
26 Jul 1989 13.4 89.5% .49 3.7% 14.6 12.8 8 8 100.0%
27 Jul 1989 13.8 92.1% .62 4,5% 14 .4 13.0 8 8 100.0%
28 Jul 1989 13.3 88.8% .46 3.4% 14.4 13.0 8 8 100.0%
29 Jul 1989 13.4 89.3% 41 3.1% 13.7 12.4 ] 9 100.0%
30 Jul 1989 13.4 89.4% .65 4.9% 14.2 12.3 9 9 100.0%
31 Jul 1988 13.6 90.8% .32 2.4% 13.9 13.2 8 8 100.0%
1 Aug 1988 13.5 90.1% .31 2.3% 13.9 12.8 9 9 100.0%
2 Aug 1989 13.8 91.9% .47 3.4% 14.2 13.1 ] 9 100.0%
3 Aug 1988 13.6 90.4% .41 3.0% 14.2 12.8 9 9 100.0%
4 Aug 1989 13.2 88.3% .24 1.8% 13.5 1?2.9 7 7 100.0%
5 Aug 1989 14.9 99.4% 1.08 7.2% 16.3 13.4 8 8 100.0%
6 Aug 1989 14.7 98.2% 1.18 8.0% 16.3 12.8 8 8 100.0%
7 Aug 1988 14.0 93.6% .49 3.5% 15.1 13.5 8 8 100.0%
8 Aug 1989 14.0 93.4% .38 2.7% 14.4 13.3 8 8 100.0%
9 Aug 1989 13.7 91.5% .70 5.1% 15.4 12.9 9 9 100.0%
10 Aug 1989 13.6 90.6% .32 2.3% 13.9 13.0 8 8 100.0%
11 Aug 1989 13.6 91.0% .32 2.4% 13.9 13.0 9 9 100.0%
12 Aug 1988 13.9 92.4% .27 1.9% 14.0 13.3 6 6 100.0%
13 Aug 1989 13.8 92.1% . .32 2.3% 14.2 13.5 8 8 100.0%
14 Aug 1989 13.7 g1.4% .64 4.7% 14.2 12.9 7 7 100.0%
15 Aug 1989 13.7 91.5% .60 4.4% 14.1 12.6 7 7 100.0%
16 Aug 1989 14.0 93.1% .63 4.5% 14.5 12.9 8 8 100, 0%
Summary 13.8 91.8% .67 4.9% 16.3 12.3 184 184 100.0%
Gallium Arsenide - IRT (Mice)
GaAs - 37 mg/m~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 Aug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice)

From 25 Jul 1989 through 16 Aug 1989

Summary Data for: GaAs - 75 mg/m"3  /Exhaust Air Flow Range= 12.0 to
Qate Mean % Target Std Dev % RSD Maximum Minimum N N in 4N in
25 Jul 1989 14.7 38.1% .86 5.8% 15.3 13.3 B 6 100.0%
26 Jul 1989 13.9 92.5% .60 4.3% 15.2 13.2 8 8 100.0%
27 Jul 1989 14.3 95, 5% .28 1.9% 14.6 . 13.9 8 8 100.0%
28 Jul 1989 13.8 92.0% .33 2.4% 14.6 13.8 8 8 100.0%
29 Jul 1989 13.8 91.7% .15 1.1% 14.1 13.6 9 9 100.0%
30 Jul 1989 13.7 91.2% .08 6% 13.8 13.6 9 9 100.0%
31 Jul 1989 14.1 93.7% .46 3.3% 14.5 13.5 8 8 100.0%
1 Aug 1989 14.1 94.1% 51 3.6% 14.8 13.2 9 9 100.0%
2 Aug 1988 14.6 97.7% .85 5.8% 15.4 13.3 ] 9 100.0%
3 Aug 1989 14.4 96.1% .65 4,5% 15.4 13.2 9 9 100.0%
4 Ang 1989 14.1 93.,9% g2 5.1% 14.7 13.2 7 7 100.0%
5 Aug 1989 15.0 100.1% 1.02 6.8% 16.5 13.4 8 8 100.0%
6 Aug 1989 15.2 101.3% .58 3.8% 16.5 14.5 8 8 100.0%
7 Aug 1989 14.7 97.8% .64 4,3% 15.3 13.6 8 8 100.0%
8 Aug 1989 14.7 97.8% .65 4.4% 15.2 13.6 8 8 100.0%
9 Aug 1989 14.5 96.9% 1.10 7.6% 17.0 13.3 9 9 100.0%
10 Aug 1989 14.3 95.1% .58 4.0% 14.7 13.2 8 8 100.0%
.1 Aug 1989 14.3 95.4% .45 3.1% 14.6 13.3 9 9 100.0%
12 Aug 1989 14.4 95.9% .47 3.3% 14.6 13.4 6 6 100.0%
13 Aug 1989 14.3 95.6% .42 2.9% 14.9 13.6 8 8 100.0%
14 Aug 1989 13.8 92.1% .31 2.2% 14.5 13.5 7 7 100.0%
15 Aug 1989 13.4 89.3% .28 2.1% 13.9 13.2 7 7 100.0%
16 Aug 1989 13.0 87.0% .43 3.3% 13.8 12.7 8 8 100.0%
Summary 14.2 94.8% 75 5.3% 17.0 12.7 184 184 100.0%
Gallium Arsenide = IRT (Mice)
GaAs - 75 mg/mA~3
Daily Mean & Standard Deviation
From 25 Jul 1989 through 16 RAug 19889
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Exposure Operation Discussion Sheets
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Study: GaAs IRT
Month/Year: Jul/Aug, 1989
Page: 1

EXPOSURE OPERATION DISCUSSION SHEET

INCLUDES DISCUSSIONS AND/OR EXPI,ANATIONS OF PROBLEMS AFFECTING ANIMAL
ENVIRONMENT AND EXPOSURES. EXPLANATIONS ARE INCLUDED FOR DATA IN WHICH THERE
WERE EXCURSIONS OF DAILY MEAN OR STANDARD DEVIATION BEYOND ALLOWABLE
OPERATING LIMITS OR EXCURSIONS OF INDIVIDUAL DATUM BEYOND CRITICAL LIMITS,

. STUDY: Gallium Arsenide Developraental Toxicity Study

REPORTING PERIOD:

NOTE: 24 Hour Data Collection Period extends from ~5:00 a.m. to ~5:00 a.m.

COMPILED BY; B.J. Greenspan /ﬂf/faﬁb@lﬁiﬂ’/\— DATE:_ ¥/ _/;P/Q

-

CHAMBER CONCENTRATION

DATE DISC I R EXP N
7/25 - 27/89 No concentration excursions.
7/28/89 37 mg/m3 chamber; 8:11. Critical low limit exceeded. A concentration of 25.9 mg/m? was

recorded. No action was taken and subsequent readings were within acceptable limits, The
%RSD for the day for that chamber was an acceptable 12%,

7/29/89 No concentration excursions, A computer timimg problem resulted in the RAM readings being
corrected for the small offset voltage. This procedure was not indicated for these exposures
because of the calibration scheme. The effect of this correction is imperceptable in the data and
so no changes will be made other than to circumvent the timing problem of simultancous HP16
prestart chacks and HP85 RAM zero checks.

7/30/89 37 mg/m3 chamber; 9:26. Critical high limit cxceeded. A concentration of 48.2 mg/m?3 was
recorded. A maunal measurement at 9:28 indicated that the chamber was once again within
normal limits, The %RSD for the exposure day was an acceptable 12% for that chamber,

7/31/89 No ¢oncentration excursions.
8/1/89 No concentration cxcursions,
8/2/89 37 mg/m?3 chamber; 10:27. Critical high limit exceeded. A concentration of 54.5 mg/m3 was

recorded. A reading at 10:28 indicated normal chamber concentration, This transient resulted in
a4 %RSD of 13% for the day for that chamber.

8/3/89 No concentration excursions.,

8/4/89 37 mg/m? chamber; 12:57. Critical high limit exceeded. A concentration of 52.1 mg/m? was
recorded, A manual reading taken at 12:08, after the automatic RAM cycle, was witin acceptable
limits. The %RSD for the day for the 37 mg/m3 chamber was an acceptuble 13%.
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8/5/89

8/6-8/89
8/9/89

8/10/89

8/11 - 12/89
8/13/89

8/14 - 15/89
8/16/89

Study: GaAs IRT
Month/Year: Jul/Aug, 1989
Page: 2

37 mg/m? chamber; 12:01, Critical high limit exceeded. A concentration of 133 mg/m? was
recorded. Subscquent readings were 61,3 at 12:02, 47.1 at 12:03 and 39.6 at 12:03. (Two
readings at 12:03, ~30 scconds apart). This rapid décay is probably indicative of a piece of
material entrained in the RAM sample line and valve system, Most excursions occurring within
the chamber have a longer duration. The mean concentration for that chamber was 117% of
target with an RSD of 69%,

10 mg/m3 chamber; 11:09, Critical high limit exceeded. A concentration of 15.1 mg/m3 was
recorded. Subsequent readings were within acceptable limits,

No concentration excursions.

75 mg/m3 chamber; 13:04, Critical high limit exceeded. A concentration of 105 mg/m3 was
recorded. A manual reading at 13:07 was within acceptable limits. This excursion was likely
duc to the release of some material from the Air-Vac pump supplying the chamber, The RSD
was an acceptable 13% for that chamber,

1.0 mg/m? chamber; 13:31. Critical high limit exceeded. A concentration of 1.52 mg/m? was
recorded. A manual mcasurement taken at 13:33 indicated normal concentration again, The
%RSD for the chamber was 17%.

No concentration excursions.

75 mg/m3 chamber; 9:51, Critical high limit exceeded. A concentration of 101 mg/m3 was
recorded. Other exposure chambers exhibited increased concentrations suggesting that the
distribution line concentration was elevated. Manual measurements at 9:54 indicated all
chambers within normal limits.

37 mg/m3 chamber; 12:55. Critical high limit exceeded. A concentration of 48.9 mg/m? was
recorded. Manual readings at 12:58 indicated normal concentration in the chamber,

The %RSD values for all chambers were within acceptable limits, with a maximum of 14% for
the 75 mg/m3 chamber,

No concentration excursions.

37 mg/m3 chamber; 13:17, Critical high limit exceeded. A concentration of 166 mg/m3 was
recorded. This value likely represented the release of some material from the Air-Vac pump.,
Manual measurements takne at 13:27 indicated a concentration of 42.5 mg/m?3. It is important
to consider, also, the calibration curve for that RAM. A second-order polynomial is used with
the 75 mg/m3 chamber defi mmg the upper portion of the curve, Rcadmgs far in excess of 75
mg/m? are not as reliable, and in the case of this RAM where the curve is concave up, the
concentration is likely an overestimate. Nevertheless, a relatively bricf excursion occurred, The
%RSD for the day was 81% with an overall mean concentration at 136% of target. NTP should
consider utilizing time-weighted averages to deal with the occasional brief excursions which
occur in these studics.

Control chamber; 12:01. A concentration of 0.024 mg/m? was recorded. This is slightly above

the MDL of 0.02 mg/m? and probably represents a slight drift in the zero offsct voltage for the
RAM,

C.45



Study: GaAs IRT
Month/Year: Jul/Aug, 1989
Page: 3

TEMPERATURE & RELATIVE HUMIDITY

DATE
7/25/89

7/26/89

7/27/89

7/28/89

7129 - 8/4/89
8/5/89

8/6/89

8/7 - 16/89

DISCUSSION OR EXPLANATION

Room; 17:32. Critical high temperature limit exceeded. A value of 77.4°F was recorded.
Chamber temperatures were within accéptable limits, No action taken,

Room; 8:41. Critical high temperature limit exceeded. A value of 77.5°F was recorded.
Chamber temperatures were within acceptable limits, Manaul measurements were also made to
sce if a temperature imbalance could be discerned in the chambers (port 3B). Less than 1°F
difference was found, The room alarm limits were increased to 78.5°F for the remainder of the
day.

Room; 19:06. Critical high temperature limit exceeded (limit reset to 77°F). A value of 78.2
was recorded. The room temperature was adjusted downward. A manual measurement at 19:30
indicated a temperature of 75,2°F. Manual measurements indicated all chamber temperatures
within normal limits, ‘

Room; 14:04, Critical high temperature limit exceeded. A value of 77.0°F was recorded, No
action was taken as the chamber temperatures were within acceptable limits.

No Temperature or Relative Humidity excursions.

37 mg/m3 chamber; 19:51, Critical high temperature limit exceeded. A value of 80°F was
recorded. After several hours of manual measurement and attempts to adjust the temperature in
the room and in the exposure chambers, it was decided that the location for the measurement of
the temerature was inappropriate for the load of animals present. When the study was first
brought on-line, there were only 10 animals in the front of some chambers on one level.
Measurement of the temperature at Port 2-Back consistently yielded low readings. The RTD was
moved to level 3 to be closer to the animals and, therefore, more representative of the
temperature that they experienced, However, as more animals came on study, the RTD was not
repositioned to Port 2-Back. This should have been done because the readings taken in the
vicinity of high animal loading tend to represent radiant heat rather than the actual chamUzr air
temperature. The excurslon has not been cdited from the data, but the manual readings obtained
during the night while investigating the problem have not been included in the summary.

Room; 6:18. Criticai .ow temperature limit exceeded. A value of 65.4°F was recorded. All
chamber temperatures were within specifications. The room thermostat was increased by 1°,

No Temperature or Relative Humidity excursions.

CHAMBER FLOW & VACUUM

DA

DISC I E NATI

No Chamber Air Flow or Vacuum excursions,
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Animal Health Screen Reports
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ARS RODENT HEALTH SCREEN REPORT

Lab no: 5-110

Investigator: Mast ‘ ' Animal/Shipment no: 8950063
Study: Ga As - Teratology Date rc’d: 6/20/89
Building: LSL II ‘ Source: CR RO1

Room: 530 " N Species/Strain:Rat/CD
Date initiated: 7/10/89 Sex: M/F  Age: BD 4/25/89 .

Status: Ten rats (#1-5,males; 6-10, females) received for pre-
exposure health screen to include gross necropsy, nasophsryngeal
wash for culture, serology and histopathology

o

3/10% Spleen Portions of spleuic capsule are thickened
and have rough appearance to surface (#1 &
2). Splenic capsule is slightly thickened
over small portions of lateral surface in
#5, but is not as prominent as in other two
rats affected.

*Number affected/number examined

Serology: Rat
0/10 Mvcoplasma pulmonis

0/10 Sendai virus

0/10 Pneumonia virus of mice
0/10 RCV/SDAV

0/10 KRV/H1

*Number of positive tests/number tested

Nasopharvnegeal culture
2/10 % Beta hemolytic streptococci, Lancefield Group G
(#8,9)
0/10 Bordetella bronchiseptica
0/10 Citrobacter
7/10 Coagulase positive staphylococci
0/10 Klebsiella oxvtoca
2/10 Klebsiella pneumoniae(#2,10)
0/10 Pasturella sp.
0/10 Pseudomonas aeruginosa
0/10 Streptococcus pneumoniae
0/10 Corvnebacterium kutscheri

*Number of positive cultures/number cultured

Culture: Spleen Rat #5
Growth of Proteus mirabilis from the breth culture

e
io



2/10 % Spleen Subacute to chronic inflammation on splenic
capsule. In some areas the inflammation
extends into the splenic parenchyma to a
maximum depth of 10 cell diameters. (#1,2)
No microscopic lesions were seen in the
splenic sections submitted from #5.

1/10 . Hard.gl. Moderate inflammation, predominant cell

types are lymphocytes and macrophages; is
unilateral. (#6)

1/10 Hard.gl. Occasional focus of necrosis with
associated inflammation (#8)

*Number affected/number examined

Special stains have been ordered on the splenic lesions to
look for micro organisms. The Proteus isolate is presumed to be
a contaminant unless there is correlation with the tissue stain
findings. The splenic lesion is of some concern but at this

point is not considered significant enough to warrant rejecting
"the animals for this study.

Tnflammation in Harderian gland is seen on occasion in
the a.ownce of sialodacryoadenitis virus (SDAV) or any other
detected pathogen. Since the SDAV tests are negative, the
Harderian gland lesions are considered insignificant.

The bacterial isolates from the nasopharyngeal cultures
are opportunistic organisms which are not expected to cause
significant infection in the animals for this study.

These rats arce approved for use in the Gallium Arsenide
Teratology study. Some follow-up on the splenic lesions at the
terminal sacrifice is recommended.

Released Jfor Study on T7/18/88.

Released from Quarantine on 7/18/89 (i\ji\ (;7
IR/ A / /

Techriologist Veterivérian

Mast
Brown

P.2(5-110)
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ARS RODENT HEALTH SCREEN REPORT

Investigator: Mast Lab no: 8-110 (Addendum)
Study: Ga As - Teratology Animal/Shipment no: 890063
Building: LSL II _ Date rc’'d: 6/20/89

Room: 530 Source: CR RO1

Date initiated: 7/10/889 Species/Strain:Rat/CD

Sex: M/F Age: BD 4/25/88

SL;LQ;: Additional histological stains were done on splenic
lesions as a follow-up on the pre-exposure health screen

2/10 % Spleen GMS stain: No organisms seen (#1,2)

m = .

The etiology of the inflammation in the splenic capsule
remains unknown. Unless the inflammation becomes more extensive,
it would not be expected to significantly affect the health of an
animal or the uterine environment. The rats should be examined
for this lesion at the terminal necropsy to determine incidence
and to provide confirmation that there was no significant
progression of the lesion in affected animals.

W/m 7

Veteft arian

Mast
Brown

3]
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ARS RODENT HEALTH SCREEN REPORT

Lab no: S-145

Investigator: Mast ‘ Animal/Shipment no: 890063
Study: GaAs Teratology ‘ . Date rc’d: 6/20/89
Building: LSL II ‘ Source: CR RO1

Room: 1428 Species/Strain: Rat/CD
Date initiated:8/14/89 Sex: F Age: BD 4/25/89

Status: Blood specimen was received on rat #618 (control) at
necropsy for serologic testing

Serology: Rat :
0/1 % Mycoplasma pulmonis
0/1 Sendal virus
0/1 Pneumonia virus of mice
0/1 RCV/SDAV
0/1 KRV/H1

*Number of positive tests/number tested

Correlation/Summary
None of the tests were positive.

gﬁ%ﬁﬂ/ﬁ | /</ ae//i nari a% ?/((/ﬁ

Mast
Brown
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ARS RODENT HEALTH SCREEN REPORT

Lab no: S-1560

Investigator: Mast Animal/Shipment no: 880063
Study: GaAs Teratology Date ro'd: 6/20/89
Building: ULSL II Source: CR RO1

Room: 1428 Species/Strain: Rat/CD
Date initiated:8/16/89 Sex: F Age: BD 4/25/89

Status: Blood specimens were received on rats #443, 446, and 649
at necropsy for serologic testing

Serology: Rat :
0/3 «x Mvcoplasma pulmonis
0/3 Sendal virus
0/3 Pneumonia virus of mice
0/3 RCV/SDAV

' 0/3 KRV/H1

*Number of positive tests/number tested

Correla tion/Summary

None of the tests were positive.

Lo Goacte 15 /%%2? 7/ef7
Technologist C¥é¥'rinarian

Mast
Brown

i



ARS RODENT HEALTH SCREEN REPORT

Lab no: $5-147

Investigator: Mast Animal/Shipment no: 8890063
Study: GaAs Teratology . Date ro'4: 6/20/89
Building: LSL II Source: CR ROl

Room: 1428 Species/Strain: Rat/CD
Date initiated: 8/16/89 Sex: F Age: BD 4/25/89

Statug: Spleen from animal # 561 submitted for culture at

~ necropsy

Gross Necropsy.

Spleen Spleen was presented removed from the animal. There
is what appears to be thickened omentum or possibly
mesentery firmly attached to the splenic capsule over
more than 50% of its surface and less firmly to
loosely attached to most of the remainder.

Culture results:

Spleen culture
Direct smear: 3+ cellular material
1+ PMN's
No organisms seen

Culture: Growth of a lactobacillus sp. out of the broth
only

Correlation/Summary

The lactobacillus is prebably a contaminant. Although the
appearance of the lesion suggests it might be caused by
infection, we have not been able to identify an infectious agent

in this animal or in others examined previously which had similar
lesions. .

Gt fusr_a/eh1 //% Z C%V C}// % 77

ecHnologist w/nybk}ﬂarian

Mast

D.7



ARS RODENT HEALTE SCREEN REPORT

Lab no: 5-151

Investigator: Mast n, Animal/Shipment no: B8900€3
Study: GaAs T\ ratology Date rc'd: 6/20/89
Building: LSL II ‘ Source: CR RO1

Room: 1428 Species/Strain: Rat/CD
Date initiated:8/17/89 Sex: F Age: BD 4/25/89

A
Siniun Blood specimens were received on rats #41 482, 366,
and 472 at necropsy for serologic testing

379,

&.mlszzz Rat

0/86
0/6
0/6
0/6

0/6 .

Neace R4 AL

Mmm:mamlmm
Sendai virus

Pneumonia virus of mice
RCV/SDAV

KRV/H1

*Number of positive tests/number tested

None of the tests were positive.

L Goctroh 7 7/% 2\%— W/’ 57

Technologist 1nar1an

Mast
Brown
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ARS RODENT HEALTH SCREEN REPORT

Lab no: £-109

Investigator: Mast Animal/Shipment no: 890064
Study: Ga As ~ Teratology Date rc'd: 6/20/89
Building: LSL II : Source: CR RO3

Room: 530 Speclies/Strain: Mice/CD-1
Date initiated: 7,/10/89 Sex: M/F Age: BD 5/1/89

4O o
Status: Ten mice (#1-F, male; ﬂgllﬂ, female) for pre-exposure
health screen to include gross necropsy, nasopharyngeal wash for
culture, serology and histopathology
O Uacd sty ¥ imickia i ally, Atisin, Goce T AharTipe of mrrels prrece. <

W ’//?04
Grogs Necropsy

No significant lesions

0/10 % Beta hemolytic streptococel

0/10 Bordetella bronchiseptica

0/10 Citrobacter freundii

0/10 Coagulase positive staphylococci
0/10 Klebsiella oxvtoca

0/10 Klebsiella pneumoniae

0/10 Pasturella sp,

0/10 Pseudomonas aerugirnsa

0/10 Streptococcus pneunoniae

0/10 Corvnebacterium kutscheri

*Number of positive cultures/number cultured

Serology: Mouse
0/10 x Mvcoplasma pulmonis

0/10 Sendai wvirus

0/10 Pneumonia virus of mice
0/10 Mouse hepatitis virus
0/10 GD VII wvirus

0/10 Minute virus of mice

¥Number of positive tests/number tested

2/10 Liver Occasional tiny focus of hepatocellular
necrosis with associated inflammation
(#7,9)

1/10 Lung Rare small focus of pneumonitis (#10)

D.9



Liver lesions like those described in 2 of the mice
examined are often seen in mioce at the initial health soreen at
BNW. The cause of those lesions has not been determined but
soreening for pathogens has been oconsistently negative, In these
animals, serological tests, inoluding those for mouse hepatitis
virus, have been negative, Special stains on liver tissue
sections have been ordered to look for mioro organisms. This
report will follow but findings are expected to be negative,

The lung lesion seen in one mouse is considered an

incidental finding and not an indication of significant infeotion
or other disease.

Released for Study on 7/18/89.

Released from Quarantine on 7/18/ ,

s M QZ«, Tk
Tec nolog;st 2 /Véﬁj’lnarian jy

Mast
Brown

P.2 (5-109)
D.10C



ARS RODENT HEALTH SCREEN REPORT

Lah no! 8-112

Investigator! Mast Animal/Shipment no: 880064
Study: Ga As - Teratology Date ro'd: 6,/20/89
Building: LSL II Source: CR RO3

Room: 530 Bpeclies/Strain: Mice/CD-1
Date initiated: 7/10/88 Sex: M Age: BD 6/1/89

fitatus: Three prestudy mice rejected for study because of

apparent poor health status were submitted for examination to ARS
lab.

#1 Bite wounds are evident; haircoat is rough. Large amount
of dry cheesy exudate in the subcutis extending along
dorsal midline from between the eyes to base of tail,
11/2 cm to 2 cm wide., Overlying skin is neorotio. There

appears to be erosion of bone overlying dorsal portion of
brain. See culture results,

Spleen is pale, enlarged.

#2 A 3cm diameter, roughly cirocular area over dorsal pelvis;
overlying tissue necrotio, purulent material in

suboutis(same as #1), bite wounds evident. See culture
results.

Spleen is pale, enlarged,

#3 Similar to #1 & 2, l.e. rough haircoat, bitewounds
apparent, enlarged spleen. See culture results. Right
preputial gland distended with purulent material.

Culture results:

#1 Budboutis oulture: 4+ Group G beta hemolytic streptococous

3+ coagulase positive staphylococcus
2+ Proteus gp,

#2 Buboutis oulture: 4+ Group G beta hemolytic streptoccus
3+ ocoagulase positive staphylococous

#3 guboutis culture! 4+ Group G beta hemolytic streptococcus

3+ coagulase positive staphyleococous
2+ Proteus sp,

D.11



The lesions seen in these animals apparently originated as
bite wourds and were secondarily infeoted by Group G streptoooi
and Staph, aureugs. This oan be avoided by single housging

sexually mature male mice,
I Qﬁw: e fes

._ﬂigamz_ﬂﬁ,lﬂ / (2N
Technologist ferinarian

-

Mast
Brown

p.2 (5-112)
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ARS RODENT HEALTH SCREEN REPORT

Investigator: Mast

Study: Ga As - Teratology
Building: LSL II

Room: 630

Date initiated: 7/10/89

Lab no: $-109 (Addendum)
Animal/Shipment no: 890064
Date ro'd: 6/20/89

Source: CR RO3
Specles/Strain: Mice/CD-1
Sex! M/F Age: BD 5/1/89

Statug: Additional histological stains were done on lung and
the pre-exposure health soreen

liver lesions as a follow-up on

-42
2/10 Liver PAS stain:
GMS stain:
1/10 Lung PAS stain:
GMS stain:

No organisms seen (
No organisms seen (

No organisms seen (
No organisms seen (

*Number affected/number examined

Correlation/Summ

ALy
No pathogens have been associated with the lesions. The
lesions are presumably insignificant.

DA g4ty

W@kiy@narian

D.13
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ARS RODENT HEALTH SCREEN REPORT

Lab no: $-137

Investigator: Mast | Animal/Shipment no: 890064
Study: Ga As Teratology Date ro'd: 6/20/89 ‘
Building: LSL II Source: CR RO3

Room: 1428 Species/Strain: Mice/CD-1
Date initiated: 8/9/89 Sex: F Age: BD 5/1/89

Slatus: Ten female mice were submitted for sero}ogy testing at

the teirulnal sacrifice necropsy

¢ Mouse' |,
0/10 x% Mvooplagma vulnonis
0/10 Sendai vyirus
/10 Prieumonja virus of mice
6/10 Mouse hg¢patitis virus
0/10 GD VII virus
0/10 Minute virus of mice

*Number of positive tests/number tested

None of the tests for pathogens were positive,

Qe 9157 //I%éé% 7514

Technologist ;}ﬁarian
Mast

, Brown

D.14
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Calendar of Events
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Inhalation Developmental Toxicity Study of Gallium Arsenide in Rodents:
CALENDAR OF EVENTS OF FEMALE RATS

Received rats (ARS#890063)
Health screen

Tail tattoo females
Released from quarantine
Weighed female rats

0dg (# positive)
welghed, randomized, individually caged

Moved to exposure room (4dg)

Exposure (6 hours/day; 7 days/week; 4-19dqg)

Weighed (4dg) started exposure
Weighed (6dg)
Weighed (10dg)
Weighed (14dg)
Weighed (17dg)

Distribution sacrifice (7dg)
(14dq)
(20dqg)

Teratology sacrifice (20dg)

Virgins - exposed
Selected and individually caged
Weighed and randomized
Weighed (exposure day 1) started exposure
Welghed (exposure day 3)
Weighed (exposure day 7)
Welghed (exposure day 11)
Welghed (exposure day 14)
Sacrificed

Fetal specimen exams completed

E.2

6/20/89
7/10/89
7/13 to 7/14/89
7/18/89
7/24/89 .
(A) 7/25/89 (33)
(B) 7/26/89 (48)
2

B-dist) 7/26/89 (36)
C) 7/27/89 (41)

(A) 7/29/89
(B) 7/30/89
(B-dist) 7/30/89
(C) 7/31/89

(A) 7/29 to 8/13/89
(B) 7/30 to 8/14/89
(R-dist) 7/30 to 8/14/89
(c)y 7/31 to 8/15/89

(A-C) 7/29 to 7/31/89
(A-Cc) 7/31 to 8/2/89
(A-C) 8/4 to 8/6/89

(A-C) 8/8 to 8/10/89
(A-C) 8/11 to 8/13/89

(B-dist, 8/2/89
(B-dist) 8/9/89
(B-dist) 8/15/89

(p) 8/14/89
(B) 8/15/89
(C) 8/16/89

8/1 to 8/16/89
7/24/89
7/21/89
8/1/89
8/3/89
8/7/89
8/11/89
8/14/89
8/17/89

12/20/89



Inhalation Developmental Toxicity Study of Gallium Arsenide in Rodents:
CALENDAR OF EVENTS OF MALE RATS

Received male rats (ARS#890063) , ‘ 6/20/89
Health screen 7/10/89
Tail tattoo males 7/13/89
Released from quarantine 7/18/89
Initiated breeding 7/24 to 7/26/89
Acclimated in exposure caging 7/28/89
Weighed and randomized 8/3/89
Moved to exposure room 8/5/89
Exposure (6 hours/day; 7 days/week) 8/5 to 8/16/89
Weighed 8/5/89
Weighed _ 8/17/89
Sacrifice, tissue distribution and 8/17/89

sperm evaluation

E.3



Inhalation Developmental Toxicity Study of Gallium Arsenide in Rodents:

CALENDAR OF EVENTS OF FEMALE MICE

Received mice (ARS#890064)
Health screen

Tail tattoo females
Released from quarantine
Weighed femalé mice

0dg (# positive)

weighed, randomized and individually caged

Moved to exposure room (4dg)
Exposure (6 hours/day; 7 days/week; 4-17dg)

Weighed (4dg) started exposure
Weighed (6dg)
Weighed (9dg)
Weighed (l2dg)
Welghed (15dg)

Teratology sacrifice (18dg)

Virgins - exposed
Selected, randomized, and individually caged
Weighed (exposure day 1) started exposure
Weighed (exposure day 3)
Weighed (exposure day 9)
Weighed (exposure day 12)
Sacrificed .

Fetal specimen exams completed

E.4

6/20/89
7/10/89
7/11/89
7/18/89
7/20/89

(A) 7/21/89 (28)
(B) 7/22/89 (38)

(C) 7/23/89 (27 on study)

(A) 7/25/89
(B) 7/26/89
(c)y 1/27/89

(A) 7/25 to 8/7/89
B) 7/26 to 8/8/89
(CY 7/27 to 8/9/89

(A-C) 7/25 to 7/27/89
(A-C) 7/27 to 17/29/89
(A-C) 7/30 to 8/1/89
(A-C) 8/2 to B8/4/89
(A-C) 8/5 to 8/7/89

(A)
(B)
(C)

8/8/89
8/9/89
8/10/89

7/25 to 8/7/89
7/20/89
7/25/89
7/27/78

8/2/89

8/5/89

8/8/89

10/23/89



'

Inhalation Developmental Toxicity study of Gallium Arsenide in Rodents:
CALENDAR OF EVENTS OF MALE MICE

Recelived male mice (ARS#890064f
Health screen

Tail tattooc males

Released from quarantine

Initiated breeding

Acclimated in exposure caging
Weighed and randomized

Moved to exposure room

Exposure (6 hours/day; 7 days/week)

Weighed
Weighed

Sacrifice, tissue distribution and
sperm evaluation

E.5

6/20/89.
7/10/89

7/11/89

7/18/89

7/20 to 7/22/89
7/23/89

8/3/89

8/5/89

8/5 to 8/16/89

8/5/89
8/17/89

8/18/89



Maternal Body and Organ Weights

E.b
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Inhalation Developmental Toxicity Study of

Gallium Arsenide in Mice and Rats
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Dr. Bernard Schwetz
Dr. Richard Morrissey
National Toxicology Program

National Institute Environmental Health Sciences
Research Triangle Park, NC

Submitted by:
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Richland, WA 99352

June 26, 1989
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INHALATION DEVELOPMENTAL TOXICOLOGY STUDY PROTOCOL
GALLIUM ARSENIDE

I. IITLE:
TERATOLOGY STUDY OF GALLIUM ARSENIDE IN MICE AND RATS
II. ANTRODUCTION

Gallium arsenide (GaAs) is a crystalline compound with semiconductor
properties that is being used extensively in electro-optical devices,
microwave telecommunication systems, and computers (Table 1).

This study will determine the potential for inhaled GaAs to cause
developmental toxicity in the CD (Sprague-Dawley) rat and in the CD-1
(Swiss) mouse. Although arsenicals are known to interfere with various
aspects of reproduction little is known regarding the toxic properties of
gallium or GaAs.

Table 1. Summary of Physical and Chemical Properties Gallium Arsenide

Synonym: gallium monoarsenide MWw: 144.64
Mclecular Formula: GalAs CAS No,: 1303-00-0
Melting Point: 1238°C RTECS No.: LW8800000

Solubility: soluble in 0.1 M phosphate buffer, pH 7.4
Dark gray crystalline solid with a metallic sheen
TLV: None established

III. SPONSOR AND SPONSOR'S REPRESENTATIVE
A. Sponsox:

National Institute of Environmental Health Sciences
National Toxicology Program (NTP)

P.O. Box 12233;

Research Triangle Park, N.C. 27709

B. Sponsor's Represepntatives:

Dr. Richard Morrissey
Dr. Bernard Schwetz

F.4
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Iv. IESTING _LABORATIOQORX

A. Facility

Battelle - Pacific Northwest Laboratory (PNL)
P.0.Box 999; Richland, wWashington 99352

B. Principle Investigatox:

Dr. Terryl J. Mast

V. PROPOSED SCHEDULE OF EVENTS (THIS PROPOSED SCHEDULE MAY BE
ALTERED. ALL CHANGES WILL BE APPENDED TO THE PROTOCOL. )

A, Order animals: : ‘ 4/4/89

B. Animals arrive week of: 6/19/89

c. Identification of females week of: 7/10/89

D. Health screen: 7/10/89

E. Prestart audit for GLP compliance: ‘ 7/10/89

F. Initiate breeding procedures?: [F413489 F17469
7/20/89 7/24/89]¢8A

G. Initiate exposure; dg 42: (438469 F+22+469
7/25/89 7/29/89] A

H. Complete exposure?: [F433469 846469
8/7/89 8/13/89]¢4A

I. Initiate necropsy?: (843489 69
8/8/89 8/14/89]%A

J. Complete fetal specimen evaluation: (+644+489 12/15/89]5B .

K. Submit draft report: (334343489 3/1/89]¢B

L. Submit final report: 45 days after receipt of reviewers comments

3These dates are for the first gestational group per species
(gestational group A), there may be up to five gestational groups.

VI. IEST _SXSTEM

A. Species: mice and rats

B. Strain:
Mice: CrI:CD-1(ICR)BR;
Rats: Sprague-Dawley [CrI:CD(SD)BR]

C. Number of Animals and Supplier:

Mice from Charles River Breeding Laboratories, Raleigh, NC,.
Mice: 90 males
350 females

Rats from Charles River Breeding Laboratories, Raleigh, NC,
Rats: 90 males
350 females

¢A Changed 7/24/89 by Ammendment A.
‘B Changed 2/5/90 by Ammendment B. F.5

BATTELLE - PACIFIC NORTHIWWEST LABORATORY
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D. Age of Animals Upon Arrival: Mice: 7-8 weeks

Rats: 7-8 weeks

E. Experimental Animals: 40 virgin female mice or rats will be randomly

selected and assigned to four dose groups (10/group) from the total
female pool (@B~DT-3B@B). The remaining females will be available
for breeding.

(E F.)¢ Mating Procedure: (@B-DT-3B@D) The breeding females (mice, 10-
11 weeks; rats, 11-12 weeks of age) will be mated by placing 1 to 4
females with one male overnight. The day that copulation is
established will be designated as 0 days of gestation (dg).

(F G.]A Number of Animals in Study:

Treatment
Species Sex Animals Groups Total
Sperm-positive
Teratology 2 X 1 X 25-30 X 4 = 200-240
Distribution 1 x 1 x 9 X 4 - 36
Yirgin 2 X 1 X 10 ¥ 4 - 80

Total = 316-356

Note:There will also be [%# 20)¢M males per species in each exposure
chamber from the same shipment. These males will be used for a

sperm toxicity study [defined—under—a—separate—proteooed: defined by
Ammendment A.)%A

VII. EXPERIMENTAL DESIGN AND DOSE LEVELS

A. Develgopmental Toxicology Study: Four groups of mated female mice
will be exposed to the test chemical on 14 consecutive days

(4-17 dg). The mice will be killed on 18 dg for maternal and fetal
evaluations.

Four groups of mated female rats will be exposed to the test chemical
for 16 consecutive days (4-19 dg). The rats will be killed on 20 dg
for maternal and fetal evaluations.

Virgin females of each species will be added to each exposure group
to assess toxic effects which may result solely from the state of
pregnancy. These animals will be exposed, 14 consecutive days for
mice and 16 consecutive days for rats, concurrently with the mated
females, and killed one day after their last exposure period.

B. Ristribution Study: A distribution study will be conducted to
determine the distribution of gallium and arsenic in maternal rat
blood and fetal tissue following gestational exposure to gallium
arsenide. The tissues to be analyzed will be maternal blond (whole)
and homogenized fetal tissue (whole),

¢4 Changed 7/24/89 by Amendment A.
F.6
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1. Tissues will be analyzed at three time points during the study:;
7, 14 and 20 dg. Three females per time point,

F.7
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2. The "fetal" sample will be an aliquot taken from a homogenous
mixture of the entire litter at 7 and 14 dg, and from four
homogenized fetuses per litter on 20 dg.

3. All samples will be frozen and the 20 dg samples from the
highest exposurc group will be analyzed first, If no analyte is
present in these tissues then tissues firom the lower exposure
groups as well as from earlier gestation days for the high group
will not be analyzed. If analyte is present in the 20 dg
samples from the highest exposure group then the next earller
sampling date will be analyzed as well as samples from the last
day of the next lower group, and so forth until no further
analyte is found in the samples.

4. Maximim number of samples:
4 groups x 3 sampling dates x 3 rats x 2 tissues = 72 samples
72 samples x 2 elements/sample = 144 analyses

C. Exposure Regimen: Exposure concentrations of gallium arsenide will

be 0, 10, 37, and 75 mg/m3, 6 hr per day, 7 days per week.

D. Selection of Atmospheric Concentrations: Exposure chamber

concentrations were selected by NTP based on results of the l4-day
repeated dose and the 90~-day subchronic inhalation toxicology studies
of gallium arsenide conducted at PNL.

(E.Sperm Toxicity Study: Individually identified proven-breeder male

rats and mice will be exposed to gallium arsenide for 12 days to
assess the short~term effects of gallium arsenide exposureée on the
male reproductive system and to determine the distribution of gallium
and arsenic in the blood and testes of the animals. Zinc levels will
also be determined in the testes.

Males will be exposed in whole~body exposure chambers
(concurrent with the females) at target concentrations of 0, 10, 37,
and 75 mg/m® for rats and 0, 1, 10, and 37 mg/m3 for mice, 6 hours
+Tg90 per day, 7 days/week for 12 consecutive days. Exposures will
run from 8/5/89 through 8/16/89, Males will be welghed during the
week prior to exposure start and randomly assigned to one of four
exposure groups using body weight as the blocking variable. Males
will be welghed on exposure day 1 and the day after theilr last
exposure day.

Male rats will be killed on 8/17/89 and mice on 8/18/89. Males
will be transported to room 303, killled by inhalation of CO;, shaved,
placed in plastic bags, and taken immediately to room 1428 for
evaluation. Blood will be collected from the caudal vena cava and
placed into a 7-ml vacutainer tube for storage until analyses for
gallium and arsenic are performed. The left testis and epididymis
will be removed and weighed. Epididymal sperm motility and
concentration will be evaluated (@B-TX-3F@l). The testis will be
placed into a pre-washed scintillation vial (nitric acid soaked
followed by an ultrapure water rinse) and frozen for gallium and
arsenic analyses. The rat testis will also be analyzed for zinc.
The right testis will be fixed in Bouin's solutilon for 24 hours then
transferred to 70% ethanol. PAS-stained slides will be prepared for

F.8
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VIII,

shipment to NIEHS for histological evaluation by Dr. Robert Chapin at
NIEHS,)*A

TEST _SysTEM _HBOUSING, HANDLING  AND ENVIRONMENTAL CONDITIONS
Quarantine (@B-AR-3F@3)

1,

Animal shipping ¢rates will be examined upon arrival for
evidence of conditions likely to permit exposure to pithogens
(solled, wet or otherwise damaged). |

The uncrating will be conducted at the door of the quarantine
room. While being removed from the crates the animaljs will be
examined by the staff veterinarian for evidence of shipping
streas,

The animals will be quarantined and acclimatized in the LSL-II
Bullding for 3~4 weeks prior to the start of the study.

During the quarantine/acclimatization period the animals will be
housed by sex, approximately 10 mice or 6 rats per cage in wire
cages on flush racks. The cage space will meet the requirements
stated in the NIH "Guide for Care and Use of Laboratory
Animals"®,

During the breeding period the animals will be housed in the
quarantine room. Males will be singly caged, Females will be
group housed. During the breeding hours (1530 to 0700 hrs), 1-4
females will be placed in the male's cage.

Room temperature during the quarantine and exposure periods will
be maintained at 75%3°F and relative humidity at [&0dH-5

554£15%)&A, These measurements will be recorded at least twice
daily.

*h ndded 7/24/89 by Amendment A.
‘A changed 7/24/89 by Amendment A.

F.9
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C.

7. Twelve h&urs light and twelve hours dark will be maintained
with light starting at 0600.

8., At least ten animals from each shipment will be randomly
selected for pre-exposure health screening (@B-AR-3F@2),
They will be examined by gross necropsy, histopathology and
nasopharyngeal culture for evidence of disease and the
presence of potentially pathogenic organisms,

9. The clinical veterinarian will make a visual inspection of
the animils to be used in the study just prior to their
release {for the study (documented on the
quarantipe/acclimatization record).

10. As an added screen for viral infection, 10 females will be
tested al PNL promptly after sacrifice for viral pathogens
(2B-AR-331R) .

11, Females hot mselected for the study or health screen will be
discarded during the first exposure week, The disposition of
these females will be recorded con the Animal Disposition
Record and retained in the study flles,

Exnmanxn.ﬁ&uﬂ&xu;Jﬂu&aina_nnd_ﬂnxiznnmsnnﬁ1~Jhmmiiniana

The exposure‘chamber foors will be closed throughout the exposure
and non-expofiure pericds, except during animal care procedures,

Exposure chamber temperatures will be maintained at 75 % 3°F and
relative humidities at 55 % 15%.

Air flow will be maintained at 15%3 CFM and the chamber pressure
at approximately 1" water negative with respect to room pressure.

Fead (@B-AR-3F@S5)

1. NTP pre-approved NIH-07 Open Formula Diet (pellets) from
Ziegler Bros., Inc., Gardners, PA will be used during the
gquarantine/acclimatization periods and throughout the
duration of the experiment.

2, Feed will be provided ad libitum in slot feeders during the
experiment, except during exposure hours.

Water

1, Fraesh sq¢ftened water (ion exchange softener, Illinois Water
Treatment Cornpany, Model 2R-2240, Rockford, IL) will be
supplied ad libitum at all times. The hardness of the water
will be checked approximately once every week. Records will
be retajned in the LSL-II Building Engineer's office.

2. The automatic watering system (Edstrom Industries, Waterford,
WI) will. be used throughout the duration of the study.

3. A repregyentative sample of animal drinking water from one of
the NTP study rooms will be analyzed for contaminants at
least ofhice each calendar year (@B-AR-3B1S),

F.10
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D .

F.

Identificatdion:

1. All animals, male and female will be individually identified
by tail tattoos (AIMS®, Inc.,, Pascatawny, NJ) during the
first weighing session (@B-AR-3F@F),

[0

Males used for breeding will be individually identified and
the identity will be used to maintain paternity recoxds.

3. Cage maps (@B-DT-3B@3) showing placement of individual
animals in each cage unit of the exposure chamber will be
prepared and updated as needed. Each exposure chamber will
be identified by ¢hamber number and exposure level. The
proposed arrangement of the exposure chambers in the room 1is
included in Figure 1.

Bandomization: (B-DT-3B@B) Females outside the weight range of
mean t 20% on the first weighing (at the time of identification)
will be discarded prior to selection of virgins. Forty virgin
females will then be randomly selected and assigned to treatment
groups by means of a computer-assisted randomization program which
is based on a single blocking factor, body weight.

The remaining females will be mated and assigned to exposure

groups as described above on the day of plug or sperm detection
(0 dg).

Chamber, Cage, Feeder, and Automatldc water Line Sanitation
Brocedures

(NOTE: Due to the Health and Safety concern of this chemical,
there will be special cleaning requirements,

1. Daily Sanitation Procedures (@B-AR~3F@A)

The excreta pans will be changed every day. The soiled pans
will be hosed and washed in the exposure room.

Automatic watering systems will be checked‘daily during
animal care procedures to ensure they are functioning
properly.

2. Weekly Sanitation Procedures (@B-AR-3HOl, @B-AR-3B@3, @B-AR~-
3G@1)

Chamber and cage units in use will be changed and washed
every 7 days.

Each exposure chamber will be changed and washed weekly on a
rotational basis starting with the low chamber and rotating
each day from the low concentration tc the high concentration
chamber. The dirty chamber will be disconnected and the
animals removed and placed into a clean chamber and cage
units. The control chamber will be changed with a clean
chamber and will not be part of the rotational scheme
described above.

F.11
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The automatic water lines in the cage racks and chamber will
be flushed with 180-190°F water for a minimum of 1 minute.

The dirty chamber will then be thoroughly cleaned in the
exposure room and to be used the next day as the 'clean'
chamber for change-out of the next higher concentration

chamber.

The individual cage waterers will be checked before the

chamber is used.

when the high concentration chamber is cleaned, it will be

thoroughly decontaminated,

moved to the cage washer and

cleaned. The dirty excreta pans designated for cleaning will
be moved to the cage washer inside of the dirty chamber. The
clean pans will then be returned to the gallium arsenide

room.

Ix. IEST ARIICLE

A. Test Article

q

-

2.

Chemical: Gallium arsenide
Formula: GaAs

CAS No: 1303-00-0

MRI Lot No.:

PNL Assigned Lot No.:

Manufacturer:

The vehicle coatrol:

Storage conditions:

MZ51988, Batch 06
12248-123

Johnson Matthey Inc.
Eagles Landing

P.0O. Box 1087
Seébrook, NH 03874
Filtered air

The test article is stored
in a cabinet at room temp
(~20°C) in room 311 of the
LSL-II Building. To
provide more convenient
containers for day to day
usage, the test article was
subdivided intu 27, 32 oz
jars. A nitrogen blanket
was introduced to each jar.

F 12
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B. Bulk Assay Procedure

1.

Midwest Research Institute (MRI) Assay Conclusions:

Bulk material (MRI Lot No. M051988, Batch 06) was identified
as gallium arsenide. Cumulative analytical data indicated a
purity of >98%.

Elemental analysis results for gallium agreed with
theoretical values; however, the results for arsenic were
slightly high. The elemental analysis results for gallium
were good; 48.1% compared to a theoretical value of 48.2%. A
significant amount of oxygen was not found and no organic
impurities were found to be present by elemental analysis.
Spark source mass spectrometry indicated gallium and arsenic
as the major components, with no impurities greater than 100
ppm observed. All other impurities totaled less than 170 ppm
by spark source mass spectrometry.

Weight loss upon drying indicated 0.02+0.01% water.
Chelometric titration indicated a purity of 98t1%.

PNL Assay Conclusions (@B-AC-3AlR):

Identity of the bulk chemical was confirmed upon receipt by
elemental analysis. Subsequent chemical analysis were
performed using chelometric titration. The bulk material
purity was found to be 99.9% as compared to the MRI provided
reference standard.

C. Analysis Scheilule

1.

The identity and purity of the test material was determined
upon receipt. The purity will be performed at a 4-month
interval thereafter. An analysis will also be performed
within one month of shipment of surplus chemical to the
repository.

The stability of the test material in the generator hopper
was characterized prior to the start of the study.

The stability of the test material in the highest and the
lowest concentration exposure chambers was characterized
prior to the start of the study. This characterization will
be repeated with occupied chambers following the initiation
of animal exposures.

D. On-Line Real-Time Aerosol Chamber Monitors (@B-BE-3B3L)

Monitoring of gallium arsenide aerosol within the exposure
chambers will be accomplished with Real-time Aerosol Monitors
(Model RaM-1, MIE, Inc., Bedford, MA).

1A

c
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On-Line Standard: There will be no on-line standard used for
this study. Humidity equilibrated, tared, glass fiber grab
filters will be used to collect gallium arsenide from chamber
atmospheres every exposure day and weighed as a check of the
exposure calibration. At least one sample will be taken for
each of the three RAMS used.

Calibration Frequency: Besides weighing the glass fiber
filters mentioned above, one set of filters (duplicates from
each expcsure chamber) will be submitted every two weeks for
chemical specific analysis using graphite furnace atomic
absorption spectrophotometry. These results will be used to
calibrate the RAM-1 on-line monitors.

Control Range: Target concentration £20%.

Critical Limits: Target concentration *30%, alarmed (shut
off gas flow to the chamber).

Monitoring Frequency: Each chamber and the room will be
monitored approximately once every 30 minutes.

X. RESCRIPTION OF INHALATION EXFOSURE SYSTEM

The inhalation chambers will be located in room 404 of the LSL-II
building. A detailed description of the inhalation exposure
system to be used in this study is included in Attachment 2 of
this protocol. The location of the exposure room and chamber
layout are shown in Figure 1.

A. Enviropmental Monitoring

1.

Air filtration: HEPA and charcoal £ilters will be used for
intake air, and a HEPA filter will be used for exhaust air.
New exhaust and intake filters will be installed prior to the
start of the study.

Temperatures will be monitored by resistance thermal
detectors (RTDs) multiplexed to a digital thermometer with
computer data acquisition at approximately 4-hour cycles for
24 hours per day (minimum of 3 measurements per day). The
control range is 75x3° F with critical limits, <70 or >B80° F.
Any chamber temperature excursion beyond the critical limits
will be recorded and alarmed automatically.

Relative humidity will be monitored by a single dew point
hvgrometer in conjunction with a multiplexed sampling system
with computer data acquisition at approximately 4-hour
cycles, 24 hours per day (minimum of 3 measurements per day).
The control range is 55%15% with critical limits of <35% or
>75%. Any relative humidity excursion beyond the critical
limits will be recorded and alarmed automatically.

Chamber air flow will be monitored at an exhaust orifice
using a multiplexed Validyne pressure transducer system with
computer data acquisition at approximately 4-hour cycles, 24

hours per day (minimum of 3 measurements per day). The
control range is 15%3 air changes/hour (153 CFM) with
F-lS
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XI.

LLE - PHUIFIC WNORTHIDEST LW

critical limits of <10 CFM or >20 CFM. Any chamber flow
excursion beyond critical limits will be recorded and alarmed
automatically. A critically low flow will result in
automatic termination of the exposure. Gallium arsenide
concentrations in the chambers may be controlled in part by
the adjustment of chamber air flow,.

5. Chamber vacuum will be monitored using a multiplexed Validyne
pressure transducer system with computer data acquisition at
approximately 4-hour cycles, 24 hours per day (minimum of one
measurement per day). The control range is -0.2 to -1.5
inches of water pressure with critical limits set at the same
values. Any chamber vacuum excursion beyond the critical
limits will be recorded and alarmed automatically. If
chamber vacuum exceeds the limits of -0.2 inch of water, the
exposure will be automatically terminated.

6. Uniformity of the concentration of the test chemical in each
of the chambers was established during the 90-day subchronic
study. Uniformity measurements will be made at the beginning
of the study with the ‘animals in the chambers. A between
port and within port variability of < 5% relative standard
deviation (RSD) is considered acceptable.

7. ‘Build up and decay times were established during the 90-day
subchronic study. Buildup and decay measurements will also
be made at the beginning of this study with the animals in
the chamber.

8. Particle size distribution of the aerosol in the exposure

chambers will be measured once during the study.

. Effluent Treatment (@B-AC-3Al8) Chamber exhaust will be HEPA

filtered to remove all aerosol. The building exhaust stack will
be monitored once to during the study to prove efficiency of the
effluent treatment.

EXRERIMENTAL _ORSERVATIONS

. Clinical Observations: (@B-DT-3B23) Study females will be observed

twice daily for mortality, morbidity, and signs of toxicity. The
date and time of death or euthanasia of moribund animals will be
recorded and the animals will be necropsied (@B-DT-3B@F).

. Body Weights: All females will be weighed at the time of

identification (within one week of mating). Plug-positive mice
will be weighed on 0, 4, 6, 9, 12, 15, and 18 dg. Sperm=-positive
rats will be weighzdi ¢n 0, 4, 6, 10, 14, 17, and 20 dg. Virgin
mice will be weighed on exposure days 1, 3, 6, 9, 12, and at
sacrifice. Virgin rats will be weighed on exposure days 1, 3, 7,

.11, 14, and at sacrifice.

. Scheduled Necropsy (@R-DT-3BgG): Animals will be weighed in the

exposure room the morning of sacrifice. They will then be
transported in solid bottom cages to room 303, killed by
inhalation of 70% COj, shaved, placed in plastic bags and taken

immediately to room 1428 for evaluation.

F.16
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1. At necropsy maternal animals will be weighed and examined for
gross tissue abnormalities. In order to document the
presence of lesions which may be due to chemical exposure, ‘
any organs or tissues with lesions will be preserved in
neutral buffered formalin (NBF). In this case, comparable
organs or tissues from approxlmately 20% of the control
animals will be preserved in NBF. Liver and kidneys will b=
weighed and tissues discarded unless abnormal.

The gravid uteri will be weighed, opened and the number,
position and status of implants will be recorded. Any
apparently non-gravid uteri will be weighed and stained with
10% ammonium sulfide to detect possible implantation sites.
The placentas will be examined and preserved in neutral
buffered formalin (NBF) if abnormal. Ovarian corpora lutea
counts will be obtained for both gravid and non-gravid
females. Ovaries (gravid and non-gravid) will be fixed for
24 hr in Bouin's fluid then transferred to 70% ethanol and
sent to NTP Archives. (@B-DT-3F@2)

2. Virgin mice and rats will be killed on the day after the the
last exposure day. Liver and kidney weights will be taken and
tissues discarded unless abnormal. Ovaries will be fixed for
24 hr in Bouin's fluid then transferred to 70% ethanol and
sent to NTP Archives. (@B-DT-3F@2)

D. Fetal Examination (@B-DT-3B@G):

1. The identity of live fetuses (by study, dam number and
implant number) will be retained throughout all examinations.
Live fetuses will be examined for gross defects and weighed
(@S-SI-5E@2). Following euthanasia, a complete visceral
examination will be performed on 50% of all live fetuses.
Fetal livers will be removed and weighed individually. Sex
will be determined on all live fetuses by internal
examination of gonads.

2. Approximately 50% of the fetal heads will be removed and
examined by razor-blade sectioning of the fixed preparations
(2B-DT-3B@I). All carcasses, with and without heads, will be
double-stained and examined for cartilage and centers of
ossification (@B-DT-3B@Y). Records of morphologic lesions
observed during examinations will include photographs of
representative lesions. All fetal specimens will be double
bagged and sent to NTP Archives. (@B-HI-3G@9, @B-DT-3F02)

F. Indices of Effects: The following parameters will be expressed as
mean * %TD, when appropriate.

. Number of dead animals, animals removed from the study and
reason for removal

. Summary of observed toxicity, including incidence of changes
detected during clinical observations

. Number and percent pregnant

. Maternal body weights:
Mice on 0, 4, 6, 9, 12, 15 and 18 dg (sacrifice)
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XIT.

Rats on O, 4, 6, 10, 14, 17,and 20 dg (sacrifice)
Weight of gravid uterus
Maternal liver and kidney weights
Extragestational weight and weight gain
Number of implantatioﬁ sites/litter
Number of litters with live fetuses
Number and percent of live fetuses/litter
Body weight of male and female fetuses/litter
Liver weight of male and female fetuses/litter
Sex ratio of fetuses/litter
Number and percent éf early and late resorptions/litter
Number and percent of dead fetuses/litter

Number and percent of non-live/litter (early and late
resorptions and dead fetuses)

Listing of malformations and variations observed in
fetuses/litters

Number and percent fetuses/litter with malformations
(variations)

Number and percent of litters with malformations (variations)

Gallium and arsenic levels in maternal blood and fetuses of
rats

Virgin body weights:
Mice on exposure day 1, 3, 6, 9, 12, and at sacrifice
Rats on exposure day 1, 3, 7, 11, 14, and at sacrifice

Virgin liver and kidney weights

RROPQSED STATISTICAL METHODS

The methods proposed for the statistical analyses of representative

maternal,

reproductive and fetal indices of effects are: summary

statistics, N, mean, standard deviation, with accompanying ANOVA based on
multiple comparisons where appropriate. Arc sin transformations will be
performed on proportional incidence data. Further statistical analyses
will be performed as necessary. .

XITIT.

RECORDS RETIENTION

Records that accumulate during the study will be retained at PNL until
requested and shipped to NTP archives. Some of these records may be
presented as part of the protocol or reports. These will include but not
be limited to the following records:

F.18
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A. Personnel Recoxds

1.
2.
3.

List of PNL personnel participating in the study.
Name, address, and function of any outside consultant (s).

Record of removal of any individual from direct contact of
the test system due to illness.

B. Health and Safety Recards (original records and five copies of
microfiche will be submitted to NTP within approximately two
months after the end of each fiscal year). Chemical specific
records will be submitted with the study. Facility specific
records will be submitted annually.

1. Medical records of all personnel participating in the study.
These records will be retained by Hanford Environmental
Health Foundation (HEHF), P.O. Box 100, Richland, WA 99352
for a minimum of 40 years. A letter verifying this
arrangement will be retained for each test material file.

2. Records and results of any bioloygical monitoring on
labeoratory personnel (if applicable).

3. NTP Health and Safety package for gallium arsenide.

4. PNL biohazard protocols and PNL Health and Safety Plah.

5. Chemical specific health and safety training records.

6. Waste disposal records.

7. Respiratory protection program with documentation of user
training (specific fit testing if needed) for each type of
respirator. :

8. Building ventilation system, hoods and exhausting system
monitoring records (pertinent to NTP studies).

9. Health and safety section of the monthly progress reports.

10. Accident/injury reports for personnel involved in this study.

11. NTP site visit reports, attention items and related
correspondence on health and safety.

C. Rrotocols

1. Approved and dated PNL study protocol.

2. Protocol amendments including NTP technical contract
modifications which affect the study.

3. Documentation of any deviation from the protocol.

4. Documenting any unforeseen circumstances that may affect the

integrity of the study and corrective actions taken.

F.19
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b, {al F ’

1,

10.
11.
12.
13.

14.

15.

16.

17.

Test material identity records including manufacturer,
quantity, lot number(s), purity grade and date(s), etc.

NTP analytical contractor characterization reports.

NTP analytical contractor bulk stability reports.

NTP analytical contractor shipment records (if available).
PNL test‘chemical receipt records.

PNL storage records including storage conditions.

PNL bulk analysis and degradation records.

PNL method development records.

Chemical exposure generation system description and
procedures,

Chamber concentration monitoring records.
Uniformity (chamber balance) records,

Generation and chamber degradation study records.
PNL test material inventory and usage records.

Records of shipment to NTP repository cf any unused test
material.

Aerosol determination records.

Chamber concentration buildup, decay, and overnight
monitoring records.

Exposure generation operating parameter records.

E. Animal Records - Pretest

1.

BATTELLE -

Animal receiving records including supplier, species, strain,
birth week, sex, number of animals for each sex, receiving
date and receiving conditions (photocopy of a representative
animal shipping crate label).

Quarantine records.

Pretest health screening records and animal health notebook.
Randomization records.

Animal identification records.

Written release records from clinical veterinarian.

Disposal of excess animals.

F.20
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8. Bedding type.

F. Andmal Records - On Test

I.

1. Exposure room location and chamber layout reccrds,
2. Chamber cage map.

3. Cage type, rack type during study.

4, Cageboard type.

5. Type of watering aystem.

6. Body weight records.

7. Daily observation records

8. Clinical signs of toxicity records.

9. Serology data and reports.

10, Inventory list of archived specimens

Eeed
1. Feed tags with manufacturer, lot numbers and milling dates.

2. Feed analysis records as provided by NTP analytical contract

laboratory.
Rater
1. Annual water analysis,
2. Weekly water hardness check (records will be maintained in

builaing engineer and/or building manager's office).

Records

1. Exposure chamber description.

2. Exposure suite control center description.

3. Temperature raw data and daily and monthly summation reports.

4, Relative humidity raw data and daily and monthly summation
reports.

5. Airflow raw data and daily and monthly summation reports,

6. Chamber vacuum raw data and daily and monthly summation
reports.

7. Exposure system monitors calibration and maintenance records,

8. Description of the lighting system and light/dark regimen.

9., Sanitation procedures and pest control program,

F.21
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J. All Relevant Correspondenas
K. Reports .

XIVv.

xv.

1., Monthly Progress Report,

2, Special study reports (if any).

3. Incident reports (1f applicable).

4, Final Report.

Internal Computer Generated Forms and Tables

1, Developmental toxicology results and statistical analyses,
2. Analytical chemistry results,

3. Exposure suite control center computer printouts,

4. XYBION printouts (if any).
QIHER _SPECIFICATIONS

This study will be performed in compliance with the FDA Good
Laboratory Practice Regulations for nonclinical laboratory studies
(21 CFR 58) excep: where deviations are required by the NTP April,
1987 General Statement of Work and subsequent modifications.

This protocol will be the controlling document in case of
discrepancies between the protocol and SOPs. If this occurs the
Principal Investigator is to be notified immediately for
clarification.

A list of all relevant sandard operating procedures (SOPs) for
this study are present in Attachment I.

HEALTH AND SAFRITX:

PNL's Health and Safety Plan (@B-HS-3S1C) has been approved by NTP, 1In
addition, a respiratory program is instituted. This is supplemented by
using supplied-ailr respirators (@B-HS-3S19) which will be worn by personnel
at all times when they are in exposure rooms and by having availlable sel-
contained breathing apparatus (@B-HS-3S1A) for use when entering a room
under emergency conditions following a leak.

F.22
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Richard E., Mocrrissey, PhD
Co=-Study Officer

Bermard A S

Bernard A. Schwetz, DVM, Ph
Co=-Study Officer

AMMENDMENTS /REVISIONS

XVIII.

See the following page.
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XVIII. AMENDMENTS/REVISIONS

7/24/89

2/5/90

11/29/90

Amendment A:

Pg. 27 Section V. Change dates on schedule of events due to
l-week study delay.

Pg. 3¢ Section VI, Correot typing errors and definition of

. sperm toxioity study.

Pg. 4: Section VII, Addition subsection defining sperm toxicity
study. '
Section VII, Correct error in relative humidity.

Amendment B!
Pg.2 Section V, Change dates on schedule of events to reflect
actual submission of study report,

Amendment C:

Attachment II, Pg, II-19: Figure 5. Correct error in ports and
RAM used for calibration purposes.

F.24
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v, IESTING LABQRATORY
A, Fagcllity

VI.

Battelle - Pacific Northwest Laboratory (PNL)
P.O.Box 999; Richland, Washington 99352

B. Brinciple Investigatox:

Dr, Terryl J. Mast

PROPOSED SCHEDULE OF EVENTS  (THIS PROPOSED SCHEDULE MAY BE

ALTERED ., ALL CHANGES WILL BE APPENDED TO THE PRO’L‘OCOL.)
Mice Rats

Order animals: 4/4/89

. Animals arrive week of: 6/19/89
Identification of females week of: 7/10/89
Health screen: 7/10/89
Prestart audit for GLP compliance: 7/10/89
Initiate breeding procedures?; 7/13/89 7/17/89
Initiate exposure; dg 48: 7/18/89 7/22/89
Complete exposured: 7/31/89 8/6/89
Initiate necropsy?: 8/1/89 8/7/89
Complete fetal specimen evaluation: 10/1/89
Submit draft report: 11/11/89

Submit final report: 45 days after recelpt of reviewers comments

8These dates are for the first gestational group per species
(gestational group A), there may be up to five gaestational
groups.

LIEST SYSTEM
Species: mice and rats

. Strain:

Mice: Crl:CD~1(ICR)BR;

Rats: Sprague-Dawley (CrI:CD (SD)BR]
. Number of Animals and Suppliex:

Mice from Charles River Breeding Laboratories, Raleigh, NC.
Mice: 90 males
350 females

Rats from Charles River Breeding Laboratories, Raleigh, NC.
Rats: 90 males
350 females

F.25
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A. Tam 13+

Battelle - Pacific Northwest Laboratory (PNL)
P.O.Box 999; Richland, Washington 99352

B. Bcinciple Investigator:
Dr. Terryl J. Mast

v. PROPOSEDR SCHEDULE OF EVENTS (TEIS PROPOSED SCHEDULX MAY BE
ALTIRED. ALL CEANGES WILL BE APPEEDED TO THE PROTOCOL.)
, ‘ Mice Rats

A. Crder animals: 4/4/89

B. Animals arrive week of: 6/19/89

c. Identification of females week of: '7/10/89

D. Health screen: 7/10/89

E. Prestart audit for GLP compliance: 7/10/89

F. Initiate breeding procedures?: [FAE3+B89 Ft T80
7/20/89 7/24/89)&A

G. Initiate exposure; dg 42: [FA8-~80 FHE2485

- 17/25/89 7/29/89] %A

H. Complete exposured: [FAS2HE5 86783
8/7/89 B/13/B9]&A

I. Initiate necropsy2: [S+7-89 B85
8/8/89 8/14/893 %A

J. Complete fetal specimen evaluation: 10/1/89

K. Submit draft report: ’ 11/11/89

L. Submit final report: 45 days after receipt of reviewers comments

aThese dates are for the first gestational group per species
(gestational group A), there may be up to five gestational groups.
vI. SEST __SYSTEM

A. Species: mice and rats

B. Strain:
Mice: CrI:CDh-1(ICR)BR;
Rats: Sprague-Dawley [CrI:CD(SD)BR]

(@]

. Number of 2nimals and Supnliex:

Mice from Charles River Breeding Laboratcries,
Mice: 90 males
350 females

Rats from Charles River Breeding Laboratories,
Kats: 90 males
350 females

“A Changed 7/24/89 by Ammenament A.

. F.26
BRTTELLE - PACIFIC NORTHWEST LABORATORY

ZB-DT-1F21-3246
Page: 2 of 18

Raleigh, NC.

Raleigh, NC.



GALLIUM ARSENIDE STUDY PROTOCOL ¢B-DT-1F2I-0246
MOUSE AND RAT TERATOLOGY ‘ 'Page: 3 of 18

VII.

Age of Animals Upon Arrival: Mice: 7-8 weeks
Rats: 7-8 weeks

E. Experimental Animalg: 40 virgin female mice or rats will be
randomly selected and assigned to four dose groups (10/group) from
the total female pool (gB-DT-3B@B). The remaining females will be
available for breeding.

E. Mating Procedure: (@B~DT-3B@ZD) The breeding females (mice, 10-11
weeks; rats, 11-12 weeks of age) will be mated by placing 1 to 4
females with one male overnight. The day that copulation is
established will be designated as 0 days of gestation (dg).

F. Number of Animals in Study:

Treatment
Species Sex Animals Groups Total
Sperm-positive
Teratology 2 b4 1 x . 25-30 X 4 = 200-240
Distribution 1 X 1 b4 9 X 4 = 36
Yirgin 2 X 1 % 10 X 4 = 80

Total = 316-356

Note:There wil also be 10 males per species in each exposure chamber

from the same shisment. These males will be used for a sperm
toxicity study defined under a separate protocol.

EXPERIMENTAL DESIGN AND DOSE LEVELS

A. Developmental Toxicology Study: Four groups of mated female mice

B.

will be exposed to the test chemical on 14 consecutive days
(4-17 dg). The mice will be killed on 18 dg for maternal and
fetal evaluations.

Four groups of mated female rats will be exposed to the test
chemical for 16 consecutive days (4-19 dg). The rats will be
killed on 20 dg for maternal and fetal evaluations.

Virgin females of each species will be added to each exposure
group to assess toxic effects which may result solely from the
state of pregnancy. These animals will be exposed, 14 consecutive
days for mice and 16 consecutive days for rats, concurrently with
the mated females, and killed one day after their last exposure
period.

Distribution Study A distribution study will be conducted to
determine the distribution of gallium and arsenic in maternal rat
blood and fetal tissue following gestational exposure to gallium
arsenide. The tissues to be analyzed will be maternal blood
(whole) and horogenized fetal tissue (whole).

1. Tissues will be analyzed at three time points during the
study; 7, .4 and 20 dg. Three females per time point.
F.27

BATTELLE - PACIFIC MORTHWEST LABORATORY

A
L 4



b

GALLIUM ARSENIDE STUDY PROTOCOL

ZB-DT-1F2I~2246

MOUSE AND RAT TERATOLOGY Page: 4 of 18

VIII.

The "fetal" sample will be an aliquot taken from a homogenous
mixture of the entire litter at 7 and 14 dg, and from four
homogenized fetuses per litter on 20 dg.

All samples will be frozen and the 20 dg samples from the
highest exposure group will be analyzed first. If no analyte

'is present in these tissues then tissues from the lower

exposure groups as well as from earlier gestation days for
the high group will not be analyzed. 1If analyte is present
in the 20 dg samples from the highest exposure group then the
next earlier sampling date will be analyzed as well as
samples from the last day of the next lower group, and so
forth until no further analyte is found in the samples.

Maximim number of samples:
4 groups x 3 sampling dates x 3 rats x 2 tissues = 72 samples
72 samples x 2 elements/sample = 144 analyses

C. Exposure Regimen: Exposure concentrations of gallium arsenide
will be 0, 10, 37, and 75 mg/m3, 6 hr per day, 7 days per week.

D.

A.

Selection of Atmospheric Concentrations: Exposure chamber
concentrations were selected by NTP based on results of the l4-day
repeated dose and the 90-day subchronic inhalation toxicology
studies of gallium arsenide conducted at PNL.

IEST SYSTEM HOUSING, HANDLING AND ENVIRONMENTAL
CONDITIONS ‘ ‘

Quarantine (@B-AR-3F@3)

1.

Animal shipping crates will be examined upon arrival for
evidence of conditions likely to permit exposure to pathogens
(sciled, wet or otherwise damaged) .

The uncrating will be conducted at the door of the quarantine
room. While being removed from the crates the animals will
be examined by the staff veterinarian for evidence of
shipping stress.

The animals will be quar-ntined and acclimatized in the LSL-
II Building for 3-4 weeks prior to the start of the study.

During the quarantine/acclimatization period the animals will
be housed by sex, approximately 10 mice or 6 rats per cage in
wire cages on flush racks. The cage space will meet the
requirements stated in the NIH "Guide for Care and Use of
Laboratory Animals™.

During the breeding period the animals will be housed :n the
quarantine room. Males will be singly caged. Females will
be group housed. During the breeding hours (1530 to 0700
hrs), 1-4 females will be placed in the male's cage.

Room temperature during the quarantine and exposure periods
will be maintained at 75%x3°F and relative humidity at 50%15%.
These measurements will be recorded at least twice daily.

F.28

BATTELLE - PACIFIC NORTHWEST LABORATORY



@B-DT-1F21-00-3246
ATTACHMENT II
PAGE 1II-19

PORT

1 Not ‘ 78 *37
Used mg/mA3 | mg/mA3
RAM
AEROSOL
MONITOR E
10 37
poosmmmmemTTee Cantrol Line é 2 Room mg/mA3 | mg/m*3
| FOUR-WAY
SAMPLELINE BALL VALVE
| : —t
g ROO:RAIR 3 0 *1.0 %(.1
A A
: CONTROL CHAMBER : - mg/m*3 | mg/mA3 | mg/mA3
EXPOSURE EXPOSURE * Monitored for calibration procedures only.
CHAMBER CHAMBER

= =

Figure 5. Schematic of the Exposure Chamber Concentration Monitoring System.
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DEVELOPMENTAL

@B-DT-3B@3
ZB-DT-3B@B
@B-DT-3B@D
ﬂBfDT-3BZF
ZB~DT-3B@G
PB-DT-3B@I
@B-DT-~3B@Y
@B-DT-3F@2
@B-HI-3G@9
@S-SI-5E@2

@S-SI-3E@3

' @B-DT-1F2I1-20-0246
ATTACHMENT I
pPage: 1 of 3

STANDARD OPERATING PROCEDURES
FOR DEVELOPMENTAL TOXICOLOGY STUDIES

TOXICOLOGY

Cage Location Maps‘and Daily Observations
Randomization of Animals

Rodent Mating Procedures

Necropsies of Dead or Moribund Animals

Developmental Evaluations for Teratology Studies
Examination of Fetal Heads Fixed in Bouin's Solution
Examination of Double~Stained Fetal Rat and Mouse Skeletons
Shipping Developméntal Toxicology Materials
Operation of Sealer k

Macintosh Weighing Programs

Data Transfer from Macintosh to VAX Using MacTerminal

ANIMAL FACILITIES

ZB-AR-3B@3
ZB-AR-3B@8
@B-AR-3BRG
@B-AR-3B1R

@B-AR~3B1S

ZB-AR-3F@2
ZB-AR-3F@3
ZB-AR-3F@5
@B-AR-3FQA
ZB-AR-3F@F

@B-AR-3GZ1

ZB-AR-3G@gH

ZB-AR-3H@1

BATTELLE

‘Handling and Changing Out Exposure Chambers and Cage Units

Handling Escaped Small Animals
Barrier Procedures for LSL-II Animal Facility
Pathogen Monitoring

Monitoring for Bacterial Contamination in Animal Drinking
Water

Pre-Exposure Health Screening of Rodents

Quarantine of Animals

Management of Animal Feed

Daily Care of Bioassay Animals and Cleaning of Exposure Rooms
Rodent Identification by Tail Tattooing

Pre-Clesning Equipment and Operation of Cage-Bottle and
Rack Weshers

Roden’. Weighing using Toledo 8142 Automatic System

Bi-¥eekly Deep Cleaning of Exposure Rooms and Occupied Animal
Roo'ns ‘
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INHALATION EXPOSURE AND BIOENGINEERING

ZB~-BE-3B1X

@B-BE-3B24
gB-BE-3B3H

@B-BE-3B3L
@B-BE-3B32

PB-BE-3C@J
@B-BE-3CQ@L

2B-BE-3C@V

ZB-BE-3D@6
@B-BE-3DQE

@B-BE-3D@W

ZB-BE-3EZB
' gB-BE~-3EQE
ZB-BE-3G@4
@B-BE-3HOZ1

ZB--BE-35027

@B-DT-1F21-B@2-B246
ATTACHMENT I
Page: 2 of 3

Relative Humidity Determination Via Use of Dewpoint

Hygrometer

Inhalation Exposure Chamber Balance
Build-up and Decay and Overnight Concentration Monitoring

Operation and Calibration of the RAM Sampling System For
Rerosol Studies

Gallium Arsenide IRT Exposure System Daily Operating

Procedure

EG&G Hygrometer: Operation, Maintenance, and Calibration

RTD Thermometer Calibration

Calibration and Check of Chamber Airflow Using Digital

Anemometer

Chamber Leak Test

Exposure Suite QC, Maintenance, and Calibration

Gallium Arsenide Exposure System QC, Maintainance and

Calibration

Exposure Suite Data Analysis Program Operation

Exposure Suite Data Editing Program Operation |

Exposure Suite Routine Computer Operation

Chamber Changeout and Cleaning Procedures for Aerosol Studies

Aerosol Exposure Suite Entry and Exit Procedurc

ANALYTICAL CHEMISTRY

ZB-AC-3A1R
ZB-AC-3A1S

ZB-AC-3C15

BATTELLE

Bulk Analysis of Gallium Arsenide

Gallium Arsenide:Analysis of Building Exhaust

Gallium Arsenide;Calibration of Chamber Monitor
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SAFETY

@B-HS~3519

@ZB-HS-3S1A
ZB-HS~-3S1B
@B-HS-351C
PB-HS-3521

@B-HS~352J7
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INHALATION EXPOSURE SYSTEM DESCRIPTION

L. ANIMAL EX ] R

The animals will be exposed and maintained in inhalation exposure chambers developed at BNW
(U.S. Patent No. 4,261,741, August 12, 1980; Moss, 1980; Brown and Moss, 1981; Moss
etal., 1982) and now commcrmally produced by the Harford Division of Lab Products, Inc.,
Aberdcen, MD. The chamber (Figure 1) facilitates multiple-tier exposures of various laboratory
rodent species to aerosol- and vapor-laden atmospheres. The total volume of the chamber is

2.3 m3 with an active mixing volume of 1.7 m3, the remainder being the inlet and exhaust
volumes where animals are not placed. There are three levels of caging, each level split into two
tiers which are offset from each other and from the chamber walls (Figure 1), Drawer-like
stainless steel cage units composed of individual animal cages are suspended in the space above
each tier. Stainless steel catch pans for the collection of urine and feces are suspended below each
cage unit, Catch pans are left in position during each exposure period.

The chamber is designed so that uniform aerosol or vapor concentrations can be maintained
throughout the chamber when the catch pans are left in position. Incoming air containing a
uniform mixture of test material is diverted so that it flows vertically along the inner surfaces of
the chamber, Eddies are formed (Figure 1) at each tier as the aerosol or vapor flows past the catch
pans. Stagnant zones that would normally exist above each pair of catch pans ar= cleared by
exhaust flow through the space between the tiers. Aerosol or vapor reaching the lowest level is
deflected across the bottom tiers by metal strips in the space between the catch pan and the wall.
Tests have shown that aerosol or vapor concentration homogeneous to within 8% throughout the
chamber can be obtained repeatedly provided the aerosol or vapor is uniformly mixed before
passing through the chamber inlet (Griffis er al. 1981).

II.  EXPOSURE SUITE SYSTEM DESCRIPTION

The exposures will be conducted using an automated data acquisition and control system in an
exposure suite (Figure 2) consisting of three exposure rooms, a dose preparation room, and a
Suite Control Center room (only one of the exposure rooms will be used for this study). Note
that concurrent rat and mouse studies will be run in the same chambers. A central computer
monitors the basic chamber functions (i.e., test chemical concentration, air flow, vacuum,
temperature, and relaive humidity) in each of the three exposure rooms. The executive computer
is a Hewlett-Packard (HP) Model 9816. All data acquisition and system control originates from
this computer.

All experimental protocols related to the data acquisition and control system (such as data channel
assi gnments, monitoring frequencies and alarm settings) reside 1 in the executive computer and are
entered into tables accessed by menus.

Data input to the executive computer is accomplished through several interface instruments. All
on-line chemical monitor data are collected and preconditioned by HP-85B computers, one for
each of the exposure rooms. Conditioned data are transferred to the executive computer for
analysis, concentration control, data storage, and printing. Data from all monitoring equipment
other than chemical monitors are inputted through a Colorado Data Systemns (CDS) Model 53A-
IBX Intelligent Interface System (I1S).

System control is provided from the computer by means of control relays in the CDS IIS. These
relays control such devices as valves, drive motors, audible alarms, indicator lamps, etc.

F.34
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Data and comments from each exposure room are stored on separate magnetic diskettes by HP
Model 9121 micro-floppy disk drives. Data and comments from each exposure room are printed
on separate thermal dot matrix printers (HP Model 2671G). Data are printed and stored
immediately upon completion of the measurement to the "Daily Log". At the end of the day (24-
hour period), the daily data are analyzed and a summary is printed. This summary includes the
the mean, standard deviation, % relative standard deviation, maximum, minirnum, and number of
measurements for each set of data for the 24-hour period. A second printout provides a table of
outliers (i.e., all data points which are beyond the critical limits defined in the protocol). This
outlier table allows rapid determination of problem areas in the data. A third printout lists all of
the comments which were made to the "Daily Log" over the 24-hour period by either the operator
or the computer. This allows rapid inspection of generation start and stop times and any problem
areas.

A complete description of the software for this system is contained in BNW document
@B-BE-S5E@1. Maintenance of this system is detailed in SOP # @B-BE-3D@E. The routine
operation of the system software and hardware is detailed in SOP # @B-BE-3G@4.

[I.  AEROSQIL GENERATION AND MONITORING

A. Acrosol Generation and Delivery Svystem

The gallium arsenide aerosol generation and delivery system (Figures 3 and 4) is composed of

five basic components; a Battelle-designed flexible brush dust feed mechanism, a Trost Model

GEM-T air jet mill, a cyclone separator, an aerosol charge neutralizer, and an aerosol distribution

system. Each component is discussed in detail below. Routine operation of the generation

(saygtcgn i53 dDetailcd in SOP# @B-BE-3B3Z. Maintenance and QC procedures are detailed in SOP#
-BE-3D12. ‘

1. Flexible Brush Dust Feed Mechanism

The flexible brush dust feed mechanism employs a hopper into which the dry powder is poured.
This hopper encloses a randomly wound large bristle brush which continually rotates and stirs the
powder and also delivers it through a small hole in the bottom of the hopper into a feed tube. The
feed tube which is below and at a right angle to the hopper contains a spiral wound feed brush.
The dust is conveyed through the feed tube at a controlled rate by a stepping motor connected to
the feed brush. The dust drops from the end of the feed tube and is aspirated into the Trost air-
impact pulverizer. Atregular intervals throughout the exposure it is necessary to reload the
hopper with additional material. The performance of the generation system and the stability of the
chamber concentrations is highly dependant upon the loading of the hopper and upon the "free-
flow" properties of the gallium arsenide dust. Material for each day is stored overnight in a
nitrogen purged desiccator to achieve more uniform behavior of the material in the generator.

2. Trost Air Impact Mill

The Trost air-impact pulverizer (or air mill) uses the fluid energy from opposing air jets to cause
particle-to-particle, head-on impaction to deagglomerate and reduce the size distribution of the feed
material. Following impaction, particles are swept into a classification chamber where smaller
ones exit to the next component of the generation system and the larger ones are thrown to the
perimeter by centrifugal force. These larger particles are re-entrained into the air-impacting jets
undl they are sufficiently reduced in size. Because of the hardness of the gallium arsenide test
material, we believe that little size reduction is actually occurring in the air mill, but rather only
deagglomeration of the particle fed from the flexible dust feeder.

- A
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3. Cyclone Sepgrator

The size distribution of the bulk material, if it were dispersed as supplied, is such that the mass
median aerodynamic diameter (MMAD) would be beyond the limits prescribed by the NTP
Statement of Work. As pointed out above, the Trost mill is not expected to provide a significant
amount of size reduction. Therefore, a significant fraction of the test material must be removed to
achieve the appropriate MMAD. Failure to remove the oversized particles would result in
clogging of many portions of the distribution system. For these reasons, a cyclone separator is
included in the system, A removable cup at the base of the device collects the oversized material
for proper disposal.

4. Charge Neutralizer

The actions of the flexible brush dust feeder, the Trost mill, and the cyclone tend to place an
excess static charge on the aerosol particles. (The Trost mill is especially effective at charging the
particles.) The presence of excess static charge on the particles causes them to be attracted to the
walls of the delivery system resulting in reduced efficiency. It may also result in altered
deposition patterns within the respiratory tracts of the exposed animals, To control the excess
charge, the aerosol is passed through a piece of plastic duct which has two 10 mCi 63Ni-plated
foils suspended in the center, The diameter of the duct and the activity of the foils are matched to
provide sufficient time for the aerosol to reach Boltzmann equilibrium at the system flow rate.

5. Aecrosol Distribution System

The aerosol which exits the charge neutralizer is conveyed across the hall from the Suite Control
Center into the exposure room by the aerosol distribution line (Figure 3). At each chamber
location, an Air-Vac® pump siphons material from the distribution line into the chamber inlet. The
75, 37 and 10 mg/m3 exposure chambers are all connected to the primary distribution line.

. Additional HEPA and charcoal filtered dilution air in the secondary distribution line reduces the
aerosol concentration for the lower concentration chambers. (The lower concentration chambers
will be used for calibration purposes only.) Each distribution line is terminated with a HEPA filter
to remove any excess material not used by the ¢xposure chambers.

B. Monitoring System Description

Monitoring of gallium arsenide aerosol will be accomplished with RAM-1 aerosol monitors.
These devices use a pulsed light-emitting diode in combination with a silicon detector to sense the
light scattered over a forward angle of 45° to 95° by the particles traversing the sensing volume.
The instrument will respond to particles in the 0.1 to 20 um diameter size range.

A schematic of the chamber concentration monitoring system is shown in Figure 5, The sample
system will use a valve to multiplex one RAM-1 monitor to two exposure chambers and either the
control chamber or the room. Using one monitor for several chambers is superior to using a
single detector for each chamber because of the ease of maintaining and assuring the calibration of
a limited number of monitors. This arrangement will also provide three calibration sources for
each RAM,; two exposure concentrations and a zero point. The monitors will be connected to the
chambers through sample lines designed to minimize aerosol particle losses due to settling or
impaction, Devices which tend to alter the concentration of the aerosol before it reaches the
‘monitor will be kept to a minimum. The output of the RAM-1 monitors will be automatically read
and recorded by the Automated Data Acquisition and Control System. A Hewlett-Packard HP85B
computer will remotely control the selecton of the correct sample stream and the acquisition of
data from the monitor. The equations of the calibration curves will be contained in the HP85B
and will be applied to the data obtained from the RAM monitors. Each value obtained will be
compared with limit values for the particular location. If a value is beyond control limits, the
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HP85B computer will immediately send the information to the executive computer which will ke
appropriate action,

Daily operating procedures for the RAM-1 aerosol monitoring systems are contained in
SOP# ¥B-BE-3B3L.

The RAM aerosol monitors will be calibrated against chemical specific analysis of chamber grab
samples using Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS). RAM
voltages readings will be obtained concurrently with grab samples.

For each RAM, a calibration curve of best-fit will be derived. For the range of concentrations, we
will use second-order polynomials to calibrate the instruments,

There is no on-line standard for gallium arsenide aerosol. Routine filter paper samples will be
analyzed gravimetrically as a check of the chemical specific RAM calibration. If a discrepancy in
the RAM calibration is suspected, additional samples will be obtained and, if necessary, the RAM
will be recalibrated.

Prior to the start of each exposure, the presence of a proper zero reading will be verified for each
sampling port for each RAM. Proper operation of the RAM-1 monitors throughout each exposure
day will be further aided by monitoring either the room or the control chamber with each
@xgstrumcnt. If a change in the zero output is detected, the monitor will be serviced or recalibrated
if necessary.

Chamber monitor calibration procedures are contained in SOP #2B-AC-3C19.

The uniform distribution of the test chemical in the chamber was demonstrated in the repeated
dose and subchronic studies. Chamber uniformity measurements will be checked after the start of
the study (SOP #JB-BE-3B24 and @B-BE-3B3H).

C. Acrosol Exposure Complex Safety Procedures

Because gallium arsenide is virtually insoluble in water, consideration has been given to the
conduct of exposures, exposure room entry procedures, exposure chamber and room cleaning
procedures, and solid waste disposal. Engineering controls, safe work practices, and personnel
protective devices have been implemented to ensure maximal personnel protection and minimal
potential for the spread of gallium arsenide dust throughout the work environment.

1. Safety Considerations
a. Engineering and Administrative Controls
(1) Aerosol Exposure Complex
To help prevent the spread of the particulate test article, the exposure study will be conducted in
Room 404 of the Aeroso] Exposure Complex which is comprised of rooms 303, 311, 404, 408,

and 412 (Figure 6). The rooms associated with the generation of gallium arsenide have been
divided into zones by clear plastic curtains or permanent doorways as follows:
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Zone A - Clean Corridor

Zone B . Entry Zone to Exposure Rooms (404, 408, & 412)

and Room 311

Zone C - Control Chamber Zone

Zone D - Exposure Chamber Zone

Zone E - Decontamination Zone

Zone F - Step-off Area

Zone G - Regulated Corridor

Each zone is described in detail below.

A permanent doorway, similar to those on the exposure rooms, has been installed at the end of the
clean corridor (Zone A), effectively separating the Aerosol Exposure Complex from the rest of the
clean corridor system, Since the affected rooms are the last rooms on the Clean Corridor, the
doorway will create an entry area (Zone B) for the aerosol exposure and decontamination rooms
of the Aerosol Exposure Complex. No rooms other than those in the complex will be accessed
through this partitioned area.

The exposure room, room 404, dedicated to the gallium arsenide study has been divided into two
zones by a plastic curtain, Zone C will be kept as clean as possible. The area designated C in

_ Figure 6 will contain the control chambers and electronic interface equipment and any other
equipment which must be maintained in an uncontaminated condition. Chambers containing
aerosol of the test material will be located in Zone D. An area in Zone D is designated for washing
chambers, catchpans, and other equipment before it is removed from the exposure room via the
decontamination area, Zone E, Details of washdown and equipment and personnel movement are
described below,

Room 303 has been divided into zones by plastic curtains, walls, and permanent doors. Zone E
will be used for the complete decontamination of chambers, caging, catchpans, and other
equipment used for non-soluble dust studies prior to their removal to the regulated corridor. Zone
F will be maintained as clean as possible and act as a step-off or exit area from the exposure
complex into Zone G, the regulated corridor.

Solid contaminated waste, such as excess food will be singly bagged in Zone D then carried
through Zone B to be stored in an interim waste container in Zone E until it can be double bagged
and placed in a 55-gallon waste drum for later burial at a licensed hazardous waste dump.

Airflow in the exposure complex will be maintained in the direction from least contaminated to
most contaminated zones as shown in Figure 6, We have demonstrated that proper air flows
between rooms and within rooms can be maintained by correct adjustment of building air balance.
The doors from the exposure rooms to the regulated corridor will be sealed except for use as
emergency exits,

The dry dispersed aerosol of gallium arsenide will be generated using a flexible-brush dust feed
mechanism. All of the generation equipment is contained within a ventilated, HEPA-filtered
glovebox with an airlock passthrough located in the Suite Control Center, room 307 (Figure 6).
Standard operating procedure BNW SOP #(B-HS-3S2J discusses the use of the glove box when
generating aerosols for inhalation studies.

Standard operating procedure BNW # @B-HS-3S2L further discusses engineering and
administrative controls in the Aerosol Complex.

The aerosol will be delivered from the generation system to the exposure chambers using a
distribution line system. This will allow one generation system to provide aerosol to several

chambers, thereby reducing the number of generators requiring adjustment, control, and
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maintenance. It also allows the the generation systems to be located in the Suite Control Center
for easier access by the exposure operator and reduces unnecessary traffic through the animal
eXxposure rooms.

The distribution line will be maintained under negative pressure by the use of Air-Vac pumps
attached at the end of the main duct and at the aerosol injection points near the exposure chamber
inlets. The distribution system will consist of threaded or compression-fitted plumbing to
eliminate the possibility of acrosol escaping from leaks. A HEPA filter at the end of each
distribution duct and each chamber exhaust duct will remove all particles from the air before it is
exhausted from the room to the building exhaust ventilation system.

(2) Exit Procedures for Personnel

Prior to exiting the exposure room (room 404), personnel will inspect their personal protective
equipment and clothing for degree of contamination, If needed, gross contamination of equipment
and clothing will be removed by wiping with damp towels. Personnel will then pass through
Zone B and enter the decontamination room (Zone E). Quter protective clothing (see below) will
be removed in Zone E and placed in the interim waste container. The supplied-air respirators will
be removed last and cleaned using Mikro-Quat® solution, clear water rinses, and alcohol-treated
wipes for sanitization, Prior to proceeding through the shower, the individual will remove all
inner protective clothing (cotton coveralls and head cover, tennis shoes, socks, and underclothing)
and place them in a plastic bag for transport to the change room laundry bins. Upon exiting the
shower, the person will don fresh inner protective clothing. The person can then safely pass from
the Exit Zone (Zone F) into the Regulated Corridor. Details of the entry and exit procedures are
covered in BNW SOP# @B-BE-35@7.

(3) Cleaning Procedures

Detailed procedures for chamber changeout and cleaning are covered in BNW
SOP #2B-BE-3H@1.

Floors and equipment in the exposure room will become contaminated with gallium arsenide
during the course of animal observation and chamber cleanup procedures. In order to minimize
contamination and the potential for cross contamination to other areas in the facility, the
procedures described below will be followed.

Catchpans will be removed and replaced with clean pans during the morning animal observation
and care procedures. To reduce the amount of contaminated solid waste, no cageboards will be
used in the catchpans. However, clean catchpans will be inserted in the chambers during the
momning animal observation period. Observation and cleaning will proceed from the control,
through the intermediate, to the high level chamber, Each chamber will be closed before the next
chamber is opened, a procedure designed to help prevent the cross contaminadon of chambers.

Dirty catchpans will be removed from the chambers , wiped with damp paper towels and placed in
a carch basin for thorough washing with 250 ppm Mikro-Quat, followed by a clear water rinse.

All chambers will be cleaned once during the developmental toxcicity study. Animals will be
ransferred to a clean chamber, Chamber changeout will begin from the control chambers and
proceed through the intermediate to the high concentration chambers. The catchpans will be

removed from the dirty chamber and cleaned as described above. A slide valve on the inlet duct of

the exposure chamber will then be closed to limit the escape of collected gallium arsenide dust.
The exposure chamber will then be removed from the system and the clean chamber, with
animals, attached in its place., The doors of the clean chamber will then be secured and the slide
valve re-opened. The dirty chamber, with the caging in place, will be moved to the wash area of
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the exposure room and washed. Cleaning will consist of misting with Triton-X solution followed
by a high pressure wash and clear water rinse. The efficacy of cleaning procedures has been
tested during a similar study (gallium arsenide) by collecting swipe samples for analysis by the
Hanford Environmental Health Foundation. The results of swipe sampling performed during
other studies involving identical handling procedures a:id safeguards have demonstrated that our
cleaning methods are sufficient to reduce the level of contamination from values of in excess of
1.5 mg/in? (predicted) to ~0.6 pg/in2.

(4) Other Administrative Controls

W '-ers performing duties 'n the test chemical exposure room are required to use MSA full-face,

" Jow, supplied-air respirators at all times. Entry to the aerosol exposure room is strictly

ru.. rolled and access is limited specifically to those staft assigned to work on the gallium arsenide
study. ' :

b. Protective Apparel and Equipment

All personnel who might be exposed to test material or exposed animals will use appropriate
protective clothing and equipment. Those individuals entering the Dust Exposure Comglex are
required to wear, in addition to supplied cotton coveralls and sneaker shoes; outer disposable
Tyvek® or KleenGuard® coveralls, rubber shoe covers, neoprene gloves over latex, disposable
Saranex® head shroud, and MSA full-face, supplied-air respirator. All cuffs must be sealed with
tape to prevent contact of gallium arsenide with bare skin. Prior to exiting the exposure room

~ complex, the respirator, overshoes, gloves, and coveralls are removed and discarded or cleaned
and stored as appropriate to the particular piece of protective equipment. Disposable protective

- clothing will not be worn outside the bioassay work areas.

Supplied-air respirators - - in addition to other protective clothing - - will be worn by personnel
working in those other areas in which these compounds are present at levels that require such
precautions. ‘

2. Miscellaneous

In the event of a spill of dry, bulk powdered gallium arsenide, the chemical will be vacuumed
from the contaminated surface using a dedicated HEPA-filtered vacuum cleaner. The surface will
then be cleaned using Triton-X solution, followed by clear water rinsing. Smear samples may
then be taken to determine the efficiency of the surface cleaning procedures.

The test chemical for daily use will be stored in a chernical storage cabinet within Room 311. This
room is equipped with a fume hood, sink, and plumbed-in eyewash fountain.

The animal weighing scals will be dedicated to the gallium arsenide study and *vill be kept within
the exposure room. Comr-nnication with the Xybion terminal will take place i+ way of plugs
mounted through the exposure room wall. The Xybion termina! will be located outside of the
exposure room (in the regulated corridor) to reduce the possibility of contamination.

When it becomes necessary to remove piping associated with ~livery of gallium arsenide
aerosol to the exposure chambers at the termination of the st .niques developed for the
removal of asbestos-insulated Hiping will be used. These tectuague. include the use of glove bags
to encase the piping prior to disassembly. Those items will be included in the inven*ory of waste
materials 1o be disposed of a: the licensed hazardous waste facility.
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IV. CHAMBER ENVIRONMENTAL CONTROL AND MONITORING

A. Temperature

Nearly all of the heat load contributed to the exposure chamber by the anirmazis is dissipated from
the chamber by radiation through the chamber wall (Bernstein and Drew, 1980). Temperature of
the air supplied to the chamber has little effect on the temperature of the chamber. On the other
hand, temperature of the room housing the the chamber has a great deal of effect. Consequently,
chamber temperature is maintained in the proper range primarily by controlling the room
temperature.

Temperatures of the exposure chambers and exposure room are measured by Resistance

Temperature Detectors (RTDs). The RTDs are placcd in a representative location in each chamber

(a top sample port on the biack side). Each RTD is connected to an Omega Model 412B Digital

Thermometer by either a manual select switch or by computer controlled scanner relays. This

allows the temperature to be read manually or to be recorded automatically by the exposure system

executive computer. Temperatures are automatically recorded at regular intervals during each
24-hour day. All temperature measurement equipment except the RTDs is located in the
Exposure Suite Control Center. RTDs are calibrated to within 0.5°F of a certified mercury
thermometer (SOP # @B-BE-3C@L) before the start of each study.

B. Relative Humidity

Relative humidity (RH) in the exposure chambers is controlled by the system depicted in Figure 7.
Equipment located in the RH Control Equipment Room (Room 335 of the LSL-II basement)
provides separate ducts of dry and moist air to each exposure chamber. Filtered air

with a maximum dewpoint of about 53°F is supplied to the RH Control Equipment by the
building HVAC system. This air is evenly delivered to two ducts. Air from the first duct passes
into a plenum where steam, generated from city tap water with no additional additives, is injected
to bring the air to a dewpoint of about 60°F. This provides the moist air source for the chambers.
The air from the second duct passed through a refrigeration coil which reduces the moisture
content of the air to a dewpoint of about 40°F. This provides the source of "dry" air for the
chambers. A manually controlled mixing valve for each chamber mixes the proper proportions of
the moist and dry air to maintain the proper RH in each chamber. The mixing valve can also be
controlled by the computer providing automatic control of chamber RH.

Relative Humidity is measured using an EG&G Model 910 dewpoint hygrometer lncated in the
Exposure Suite Control Center. Air from the exposure chambers is samp 4 from a representative
location (a top port on the back side). A teflon filter is placed at the chammoer end of the sample
line if the test article is an aerosol. Samples of the air from each measurement locatior. are
continuously pulled through polytetrafluoroethylene (PTFE) tubing to a central locadon in the
Expoesure Suite Control Center. This assures a fresh sample at the dewpoint hygrometer. Sample
air from a particula: location is routed by a multiplexed valve system to either the exposure system
exhaust or the dewpoint hygrometer for RH determination. The valves are controlled by either a
manual switch or by a computer controlled relay. This allows RH to be measured manually or
automatically by the exposure system executve computer. RH is automatically recorded at regular
intervals during the 24-hour day.

Once the & wpoint has been deteimined by the hygrometer, the RH is automatically calculated by
the exposure system executive computer using the dewpoirt value and the temperature (measured
simultaneously at the same location by the RTD system). The following equation is used for this

ralrnlatan:
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Where: - Ty = dewpoint temperature (°F)

T3 = drybulb temperature (°F)

Calibration of the dewpoint hygrometer is established prior to the start of the study following
SOP # @B-BE-3B1X. Initial calibration requires comparison at three RH levels (= 30%, 50%
and 70%) of the RH calculated by the monitor to measurements made by a calibrated portable
hygrometer and RTD located near the chamber.

C. Chamber Air Flow

Air flow in the chambers is maintained by the vacuum in the central chamber exhaust duct. This
vacuum is created by the chamber exhaust flow fans located in the South Equipment Room of the
LSL-II Building. There are two parallel exhaust fans, one operating at a time with the other
providing backup. Both fans operate from emergency power.

Chamber air flow rate is controlled by a gate valve in each individual chamber exhaust duct. A
drive motor attached to the stem of this valve, allows the control of chamber flow either by
computer or manually from the Exposure Control Center.

Fine control of exposure concentration can be accomplished by automatically or manually
adjusting the valve position to control chamber dilution air flow within the allowable limits.

- Gross adjustment of concentration must be done manually by adjusting the generation system.

Chamber air flow is measured by a multiplexed orifice-meter system consisting of a calibrated
orifice located in each chamber exhaust, a Validyne Model DP-45 pressure transducer, a Validyne
Model CD-18 carrier demodulator, and a Validyne Model PM-12 digital voltmeter. The pressure
transducer is multiplexed to each chamber's flow orifice by valves remrntely controlled either
manually or by means of the executive computer. This allows flow t-. . . measured either

- manually or automatically. Flow is automatically recorded at regular intervals during the 24-hour

day.

Calibrated flow orifice meters are located at both the inlet and exhaust to each chamber. By
comparing the measured flow at the inlet and exhaust, leaks in the chamber can be detected. A
leak check is automatically performed by the executive computer when each chamber is closed. If
a leak is detected, the executive computer will notify the operator and will not allow exposures to
proceed untl the leak is repaired. This system is sensitive to very small leaks which may cause an
imbalance of test article concentration within the chamber.

Calibration of the flow orifices will be done before the start of the study following
SOP # @B-BE-3CQV.

D. "h TV

at a slight ncgative pressiue compaied io the room in order io reduce -
the possibility of escape of test article. This negative pressure is created by the pressure drop -
across the HEPA and charcoal filters at the inlet 1o each chamber.
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The same Validyne pressure transducer system used to measure chamber flows is used to measure
chamber vacuum. Vacuum in the chamber is measured relative to atmospheric pressure in the
Suite Control Room. Vacuum is automatically recorded at regular intervals during the 24-hour
day.

Vacuum is also continuously monitored by a mechanical pressure switch attached to each
chamber. In the event of leak in the chamber, the pressure switch will immediately shut off the
flow of test article to the chamber and activate an audio alarm.

V. A FACILITY AIR HANDL YSTEM

Supply air enters the building through two identical parallel air handling systerns (Figure 8).
Each system consists of a pre-heat coil, a filter system, a heating coil, a chilling coil, and a supply
fan. The pre-heat coil heats the air to a minimum of 45°F. The filter system, comprising a roll
filter, pre-filter, and a bag filter, rids the air of most particles. The heating and chilling coils
maintain the temperature of the air exiting the air conditioning system at about 53°F. The chilling
coils also dry the air to a dewpoint not greater than S3°F.

Although simultaneous operation of both of the parallel air supply systems is necessary to provide
the 20 air changes per hour typically supplied to each animal room, only one of these systems,
which can be operated from the emergency power system, is required to maintain the rooms

‘within the temperature and flow specifications required by the protocol. Exposure of the animals

to the test article can continue in the event of the failure of one of the air supply systems.

The air from the two parallel building air supply systems is mixed together by an air mixing unit
and is divided into two ducts which feed the rooms on the east and west sides of the animal
quarters. If necessary, steam is injected into the air in these ducts to maintain the relative humidity
of all rooms in the basement at a minimum of 35%. In rooms where further room RH control is
necessary, it is provided by individual steam generators located in the room. Prior to entering the
animal room, the air is filtered through a HEPA filter.

Air for exposure chambers is supplied to a chamber relative hurnidity conditioning system from
the building air supply systerns. A single supply system is sufficient to supply air to the RH
conditioning systems for all exposure chambers in the facility.

Exhaust from the animal room is filtered by a room HEPA filter and again through a bank of
building exhaust HEPA filters assuring no escape of aerosol particles from the facility. Three
parallel exhaust fans provide exhaust from the rooms. Two of these fans are in operation with the
third as a backup unit. One fan can be operated from the emergency power system in case of
power failure.

A separate exhaust duct system for the chambers allows for the addition of scrubbers 1o remove
particles or vapors before exhausting from the building. Because the chamber exhaust system
has a separate fan, failure of one of the building exhaust fans will not prevent the continvation of
exposures.

VI. EXPOSURE SUITE ALARM SYSTEM

An extensive system of alarms has been incorporated into the exposure suite automated data
acquisiton and control system to provide safety for the system operators, protect the health of the
animals and ensure the integrity of the study. There are actually two separate alarm systems; one
provided by the computer and a separate "physical” alarm system which provides redundancy for
some of the computer alarm functions.
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Following each function measured by the computer, the value is compared to the alarm limit
values (stored in the computer memory) for that function . There are four limit values for each
function and location monitored by the computer; high and low non-critical and high and low
critical. For example, chamber flows may have the following limits:

Cridcal low .....cccccvviivnennnen 10 air changes per hour
Non-critical Low ....cccccvvunee 12
Non-critical High................ 18

~ Critical High ........ccoceevvneees 20

The result of an alarm condition depends on the function measured and the measurement location.
Each function and location has an alarm response assignment in the computer. Again using
chamber flow as an example, flows exceeding the non-critical limits but remaining within the
critical limits will cause the computer to print a "beyond-non-critical-limits" symbol, "(" if low
and ")" if high, next to the data on the daily log printed by the computer. A chamber flow which
exceed the critical limits will cause the computer to print a "beyond-critical-limits" symbol, ">" if
high and "<" if low, on the daily log and to turn on the critical alarm audio alert. A critical low
flow alarm will also shut off the flow of test article to the chamber. Although it is possible or the
computer to make automatic corrections to air flow in the chamber, this is not done because to do
so would affect concentration of the test article in the chamber. A critical low negative pressure in
a chamber (which may be the result of a leak in the chamber) will also cause the computer to shut
off the flow of test article to the chamber. Similar responses result from alarms arising from
temperature and relative humidity measurements in the chambers, however these alarms have no
affect on the operation of the test article generator.

All critical alarms arising from measurements of generator function (such as vaporizer
temperature) will result in all functions of the generator being turned off.

The physical alarm system includes the following continuously monitoring devices:

» Chamber pressure (also detects critically low flow if it is the result of pump failure and
not a clogged charnber inlet duct)

Generator cabinet exhaust flow

Chamber exhaust system flow

Building exhaust system flow

Explosive level detectors monitoring the chambers & generator cabinet (present only if
test article is flammable).

L
*
L]
[ ]

In all cases an alarm condition from any one of these monitors is considered critical and results in
the test article generator being shut off.

VII. CHAMBER EXHAUST WASTE TREATMENT

The exhaust from the exposure chambers is HEPA filtered to remove all particles which may
impede the valving system associawzd with the exhaust duct and to assure no escape. of aerosol
from the facility. Exhaust from the animal room is also filtered by a room HEPA filter and again
through a bank of building exhaust HEPA filters.

All HEPA filters used on the study have been tested for efficiency prior to use by personnel from
the Hanford Environrnental Health Foundation.
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VIII. DATA RECORDING AND HANDLING

Data from each exposure room are stored in the Exposure Suite Control Center on separate
magnetic disks by Hewlett-Packard (HP) Model 9121 micro-floppy disc drives. Data and
comments from each twuo',vrr reom are printed by separate thermal dot matrix printers (HP
Model 2171G) or by . 1( t pnrltcrs (HP Model 2225A). Data are printed and stored immediately
upon completion ¢ €z m:zleasuremeﬁt to a Daily Log (example, Figure 9). Both the Daily Log and
the disks will be mantained in the study files. The Daily Log will be considered the raw data.
The Daily Log includes the time of measurement, the measuremnent location (such as chamber), the
measurement function (such as temperature), the value of the measurement, the percent of target,
an alarm code, and a status code. See Figure 9 for an explanation of the alarmi and status codes.

At the end of the day (24-hour period), the daily data are analyzed and three sumrnaries are
printed. The first (example, Figure 10) includes the mean, % of target, standard deviation, %
relative standard deviation, maximum, minimum, and and number of measurements for each
function (such as temperature) and location (such as chamber) monitored over the 24-hour period.
The second (example, Figure 11) provides a list of outliers; that is, all data points which were
beyond the defined critical operating limits. This printout allows for quick review of data which is
outside of the operating limits. The final summary (example, Figure 12) is a printout of all
comments made by the computer, exposure specialist, and exposure operator during the 24-hour
period. This includes comments on startup time, exposure termination, new calibration factors
entered and other information. This summary allows a quick review of events that occurred
during the day.

Data handling and analysis procedures are describe in SOPs @B-BE-3E@B and @B-BE-3EQE.
IX. EQUIPMENT OR POWER FAILURE PROTECTION SYSTEMS

Power is provided to the Battelle complex from two separate city substations through an automatic
switching device. This significantly reduces the possibility of losing city power. Power from the
City is routed to equipment in the LSL-II building through two types of motor control centers.

One type can switch power from the LSL-II diesel generator. The other has access only to city
power. The emergency-power-type motor control center has a low voltage detector on each leg of
the three-phase input power. If the city supplied power should fail or "brown out", these
detectors autornatically start the emergency power diesel generator and route the emergency power
to the equipment connected to the emergency-power-type motor control center.

All equipment critical to the well-being of the animals is connected to the emergency-power-type
motor control center. This equipment includes:

Emergency lighting and electrical outlets |
Building air conditioning chillers #1 and #2
Building heating boilers and feedwater pump systc ms #1 and #2
Air compressors #1 and #2

Air supply fans #1 and #2

Air exhaust fans #1 and #2

Note that there are two identical units of all equipment that is vital to the well-being of the animals
(heating, cooling, supply air, exhaust air, and compressed air). Either of the two units has
sufficient capacity to maintain the animal environment within a safe range. In all cases, the
emergency power system will operate one of the two identical systems.
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All building or chamber systems which are essential to the survival of the animals are alarmed. If a
system malfunctions, an alarm is tripped in the Power Operator's office. A Power Operator ison
duty 24 hours/day, 7 days/week. If the Power Operator is not authorized to correct the problem
that caused the alarm, he immediately calls the appropriate personnel of the programs affected.
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Figure 1. Inhalaton Exposure Chamber Designed at BNW.
Top: Oblique Cutaway View of the Chamber;
Bottom: Airflow Patterns.
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Figure 5. Schemardc of the Exposure Chamber Concenmation Monitoring System.
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Schematic Diagram of the Chamber Relatdve Humidity Control System.
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30 Nov 1988 Tetraflucroethylene~Chronic Program: 88.01 page 4
Time | Data Origin Function Data ITurqt
! i
[{LR) TFE - 625 ppm -R/M =-T90 Time Expired-Including Conc Data
[LR) TFE - 312 ppm =-R/M -T90 Time Expired-Including Conc Data
[LR] TFE - 625 ppm =R =T90 Time Expired-Including Conc Data
[LR] TFE = 312 ppm =R -T90 Time Expired-Including Conc Data
[LRY TFE - 156 ppm =R -T9Q T -
08:17 |Hewlett Packard 85B (Access Level: Specialist)
TFE - 1250 ppm -R/M-Conc Data Excluded-Data Time<T90 & Data<Target
0819 |[Hewleft Packard B5B (Access Level: Speciallst)
TFE -~ 625 ppm -R/M-Conc Data Excluded=-Data Time<T90 & Data<Target
08:21 |Hewlett Packard B5B (Access level: Specialist)
TFE - 312 ppm =-R/M-Conc Data Excluded-Data Time<T90 & Data<Targat
08:29 |TFE =~ 625 ppm ~R Temperature OKI 74.3 F 99%
08:30|TFE = 1250 ppm -R/M | Temperature OKI 74.0 F 9%%
08:32|TFE = (332) Room|Temperature OKI 69.3 F 96%
08:34 |TFE =~ (332) Room|Relative Humidity OKE 53.0 % 106%
0B:;37|TFE = 0 vpm =R _!Relative Humidity OKI 46.0 % 84%
0B:39|{TFE -~ 0 ppm =R/M|Relative Humidity OKI 47.0 % 85%
0B:42|TFE = 156 ppm -R  |Relative Humidity OKI 48.0 % 87%
0B:44 [TFE - 312 ppm =R/M|Relative Humidity OKI 49.0 % 89%
08:17|TFE = 1250 ppm =R/M|GC#34-809568 OKE 6.760E+2 ppm 55%
08:19 ITFE =~ 625 ppm =R/MIGC#34-B09569 OKE 3.445E+2 ppm 56%
08:21|TFE = 312 ppm -R/M|GC#34~B09569 OKE 2.507E+2 ppm 8l%
0B:24 |TFE - 0 ppm -R/M|GC#34~-809569 OKI 0.000E+0 ppm, 0%
08:26 |TFE = (332) Room|GC#34~-809569 OKI 0.000E+0 ppm 0%
08:29|TFE = 625 ppm ~R |GC#34-B09569 OKI 5.874E+2 ppm 94%
08:31 |TFE = 312 _ppm =R GC#34-809569 OKI 2.854FE+2 ppm 92%
08:34 |TFE = 156 ppm =R GC#34-809569 OKI 1.521E+2 ppm 98%
08:36|TFE - 0 ppm R |GC#34~B09569 OKI 0.00CE+0 ppm 0%
DB8:40|TFE - Standard Gas-L|GC#34-809569 OKE 2.B@0E+l1 ppm 20%
08:43 |TFE - Standard Gas-H|GC#34-809569 OKI 4.993E+2 ppm 100%
08:47 |TFE - 312 ppm -R Relative Humidity OKI 49.0 % 89%
08:49|TFE = 625 ppm -R/M|Relative Humidity OKI 48.0 % 87%
OB:52|TFE - 625 ppm -R |Relative Humidity | OKI 47.0 % 85%
08:54 |TFE - 1250 ppm -R/M|Relative Humidity OKI 53.0 & 96%
08:54 |TFE - 0 ppm ~R Exhaust Air Flow OKI 15.3 CFM 102%
H TFrE = 0 _ppm ~R/MiExhaust Ajir Flow OXT 15.0 CFM 100%
08:55|TFE =~ 156 ppm ~R |Exhaust Air Flow OKI 14.6 CFM 97%
08:55|TFE - 312 ppm ~R/M|Exhaust Air Flow OKI 14.6 CFM S7%
08:56 |TFE - 312 ppm -R Exhaust Air Flow OKI 14.6 CFM 97%
08:56 |TFE = 625 ppm -R/M|Exhaust Air Flow OKI 14.9 CFM 99%
08:56 |GFfE - 625 ppm =R Exhaust Air Fiow OKTr 15.3 CFM 102%
08:56|TFE - 1250 ppm -R/M|Exhaust Air Flow OKI 14.8 CFM 99%
08:45|TFE - 1250 ppm -R/M|GC{#34~809569 OKI 1.212E+43 ppm 97%
08:48|TFE - €25 ppm ~R/M{GC#34~809569 (OKI 5.594E+2 ppm 90%
08:50|TFE - 312 ppm -R/M|GC#34~B09569 OKI 2.523E+2 ppm 94%
D8:53 |TYE = 0 ppm =R/MIGC¥34-8B09569 ORI 0,000FE+0 ppm [0}, 1

Figure 9. Example of 24-Hour "Daily Log" Printout from Data Acquisition and
Control Computer. (See Following Page for Explanation of Columns.)
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Figure 9. (continued)

' DESCRIP’I']ON OF COMPUTER "DAILY LOG" OUTPUT

The date, exposure name, program version and page number will be printed at the top of each page of the daily log

Column 1:
Column 2:
Column 3:
Column 4:

Column 5:

Time -- time that measurement was taken
Location -- location of measurement (for exampie, chamber)
Function — measurement function (for example, lemperature)

Data --
Alarm Code -- " Indicates data < non-critical low but 2 critical low alarm value
" Indicates data > non-critical high but < critical high alarm value
<" Indicates data < critical low alarm value
">" Indicates data > critical high alarm value
Status Code -- "OK" Indicates monitoring instrument is functioning properly and is
calibrated

"BS"  Indicates service time of monitoring instrument has expired.
(Usually indicates that instrument calibration should be
checked. Does not necessarily mean that data is not valtid)
T Indicates data will bi. included in summary
"E" Indicates data will be excluded from summary
Data Value - Data may be expressed in scientific notation (x.xxxEyy)
Units Label -- Units of measurement (e.g., ppm, °F, mg/m3)

Percent Target

F.56
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Exhaust Air Flow i Mean 1% Tarqﬁ Std Dev:i % RSDI| Maxdwum! MinimumiNum Xs
TFE - 0 ppm -R 15.5( 103% © .09 1% 15.6 15.3 8.
TFE - 0 ppm -R/M 15.1| 1o00% .05 o 15.1 15.0 8.
- m.=R_ 14,6 98% 03 0% 14.7 14.6 B,
TFE - 312 ppm -R/M 14.6 98% .03 0% 14.7 14.6 8.
TFE - 312 ppm -R 14.7 981 .05 0% 14.7 14.6 8.
TFE - 625 ppm -R/M 14.9] 100% .05 0% 15,0 14.9 B,
TFE - 625 ppm =R 15.4[ 103% .06 0% 15.5 15.3 8.
TFE - 1250 ppm -R/M|| 14.9 99%|] .08 1&L 15.0 14.8 8.
yacuum | Mean |% Tarall Std Dev| % RsD| Maximum“_anUNnyJumLXl
TFE - 0 ppm -R .9 944 .04 5% 1.0 . 9.
TFE - 0 ppm =R/M 1.0 98% .02 2% 1.0 1.0 9.
- -R ,9 89% 01 1y .9 9 9,
TFE - 312 ppm =R/M .9 95% .01 1% 1.0 .9 9.
TFE - 312 ppm ~R .8 79% .03 4% .B .8 S.
TFE - 625 ppm -R/M .9 90% .01 1% .9 N 9,
TFE -~ 625 ppm -R .9 95% .03 3% 1.0 .9 9.
TFE - 1250 ppm -R/M|| 1.1] 108%| .03 3% 1.1 1.0 9.
Relative Humidity Mean |% Tarall std Dev| % RSD[l Maximun| | Num Xs
TFE - 0 ppm =R 49.1 89% 3.09 6% 53.0 45.0 8.
TFE - 0 ppm -R/M 54.6 99% 8.53 16% 65.0 44.0 8.
- 6 ~R __51.2 93% 3.28 6% 56.0 47.0 8,
JTFE - 312 ppm =R/M 52.9 96% 6.83| 13% 60.0 42.0 8.
TFE - 312 ppm -R 55.7| 101% 4.68 8% 63.0 49.0 8.
- =R/M 54,5 99% 7.23 13% 62.0 43.0 g,
TFE - 625 ppm -R 52.4 95% 4.69 9% 59.0 46.0 8.
TFE - 1250 ppm -R/ML 59.5|  108%| 8.25 14*L, 69.0 48.0 8.
Temperature | Mean |% Taral &td pev| % Rep| Maximum| | Num X
TFE - (336) Room 59.9 57% .58 1% 70.6 68.9 9.
TFE - 0 ppm -R 75.5| 101% .72 1% 76.6 74.7 9.
TFE - m_=R/M 75.0) 100% .76 1% 76.5 73.9 9,
TFE - 156 ppm =R 75.5| 101% .61 1% 76.3 74.7 9.
TFE = 312 ppm =R/M 75.2| 100% .36 0% 76.0 74.7 s.
TFE - 312 ppm -R 75.61 101% .65 1% 76.4 74.6 9,
TFE = 625 ppm =R/M 76.2] 102% .57 1% 77.0 75.3 S.
TFE - 625 ppm =R 75.1| 100% .67 1% 76.0 74.3 8.
TFE - 1250 ppm =R/M 74,61 100% .42 1% 75.2 74.0 8,
TFE - (332) Roon|| 69.5 96%| .33 0% 69.9 69.0 8.
GC#34-809569 I Mean L1 Tara‘ Std _Dev! % RSDI M Minimum{Num X§
TFE - (332) Room|| 0.O0O0E+0 O%{| 0.000E+D 0%{| 0.00E+0| 0.0OE+0 15.
TFE - 0 ppm -R D.DO0E+D 0%|| 0.DO0OE+0 0%|| 0.00E+0| 0.00E+D 15.
TrE - 0 _woim ~R/M|II 0. 00E+0 0%l 0.000FE+D 0%{l 0D.D0F+0i 0.00E+0D 15,
TFE - 156 ppm =R 1.53E+2. 98%| 2.010E+0 1%|| 1.56E+2| 1.49E+2 13.
TFE - 312 ppm -R/M|| 3.07E+2 98%|| 5.478E+D 2%l 3.13E+2| 2.92E+2 12.
TFE - 12 ppn =R 3.09E+2 99%!| 1,068E+] %1 3.21F+2] 2.B5E+2 13,
Figure 10.

il |

and Control Computer. (Data are organized by data type.)
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Example of 24-Hour "Data Summation” Printout from the Data Acquisition
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Outlier Table for the File: Nov_21 88 Exposure: Acetonitrile
Origin Instrument i'I_‘im_____ ‘ wer | T t | Higher
Aceto = 0 ppm-M|Relative numidity[lo:la 33.0 35.0 55.0 75.0

Figure 11. I%xample of 24-Hour "Data Outlier Table" Printout from Data Acquisition and
Control Computer. (Table shows data which were beyond the defined Critical

Limits.)
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Figure 12,

S

1 08114

Batly Comments
ARL Operator

Tetreflunreethylane-Chvenic

File: Wov_03_88

Commant

07:5]

07:51

07:52

07:52

07:52

Hewlett Packard 858
08:04

Hewlett Packard 9816
08:15
08:15
08:15
08:15
0a:1s
08:1S
08:15
0b:15
08:15
04:15
08:15
08:1§
08:15
08:15
08:27
08:27
08:27
08:27
08:28
08:28
08:17
08:18
08:21
10:25
10:25
10:25
10:26
10:26
10:26
10:26
10:26
10:26
10:26
10:26
10:26
10:26
10:26
14:27
14:27
14:27
14:27
14:27

Hew)ett Packard 85B

Gary R. EV}

Hewlett Packard 9815

156 ppm -R
Exhaust Flows 14,6 Inlet Flows 15,1 ( -3
Chamber Loak Check for TFE - 0 ppm R

Exhaust Flows 15.2

AN

Chembers have been found ACCEPTABLE.

A% eak)

Intet Flows 15,6 (-2,

@B-DT-1F21-B3@-0246
ATTACHMENT I
PAGE 1I-27

[ Acceptable )

€% lesk) [ Acceptable )

TFE - Stendard Gus-H-Conc Dats Exc)uded-Exposure Not Running.
HPASB found Paremeters Okay & Ready for Exposure Start.
Exposure Timing started.

TFE

(LR}
(LR
(1]
[R)
LR
[LR)
[LR)
[LR)
(LR)
[LR)
[LR]
(LR])
(LR
[LR)
[LR)
[LR)
(LR
(LR}
(LR
TFE

TFE

TFE

{1,
{1,
[,
(1,
(1,
(1.
1,
(1,
[1,

Chronic - Matn Distribution Velve
TFE Chronic - 1250 ppm Chember Rats/Nice
TFL - 1250 ppm -R/M ~04 Exposure-Enable
TFE Chronic - 625 ppm Chamber Rats/Mice
TFE = 625 ppm -R/M ~DN Exposure-Enable
TFE Chronic = 312 ppm Chember Rats/Mice
TFE = 312 ppm =R/M ~ON Exposure-Enable
TFE Chronie = 625 ppm Chamber Rats

TFE - 625 ppm =R ~ON Exposure-Enable
TFL Chronic = 312 ppm Chember Rats

TFE = 312 ppm =R ~ON Exposure-Enable
TFE Chronic = 156 ppm Chamber Rats

TFE - 156 ppm =R -ON Exposure-Enable
TFE Chronic - Standard Gas Valve
TFE -
TFE -
TFE -
TFE -
TFE -
TFE =

625 ppm =R
312 ppm =R
156 ppm -R

[Timeat(0))

« Valve Opened

- Valve Opened
Environ Data Collection
- Valve Opened
Environ Date Collection
= VYalve Dpened
Environ Data Collection
= Valve Opened
Environ Data Collection
= Valve Opened
Environ Date Collection
- Valve Opened
Environ Data Collection
= Valve Opanad

1250 ppm ~R/K -T90 Time Expired-Including Conc Data
625 ppm =R/K <790 Time Expired-lncluding Conc Data
312 ppm ~R/M <780 Time Expired-Inciuding Conc Data
-T90 Time Expired-Including Conc Data
=790 Time Expired-lncluding Conc Data
=190 Time Expired-Inciuding Conc Data

= 1250 ppm ~R/M-Conc Data Excluded-Data Time<T80 & Dato<larget
- 625 ppm ~R/M-Conc Data Excluded-Data Time<780 & Datac<Target
= 312 ppm -R/M-Conc Data Excluded-Data Time<780 & Data<Target
Service status updatad on GO concentration from dats collected
11-02~88 gas bag semples.ho correction neeced,as per Mr,

Rogsignol,

Concentration Monitor-Service/Status

27 Dct 1988 is: 3 Nov 1988
27 Oct 1988 1s: 3 Nov 1988

1JTFE - 1250 ppm -R/H Srv Date was: 27 Oct 1988 is: 3 Mov 1988
2)TFE - 625 ppm ~R/M Srv Date was:

3)TFE -« 312 ppm =R/M STv Date was:

4)TFE - 0 ppm =R/M Srv Dste was: 27 Oct 1988 {s: 3 Nov 1988
S)TFE - (332) Room Srv Date was: 27 Oct 1988 is: 3 Nov 1988
6)TFE - 625 ppm =R Srv Date was: 27 Oct 1988 is: 3 Nov 1988
7)TFE - 312 ppm =R Srv Date wasm: 27 Dot 1988 is: 3 Nov 1988
B)TFE - 156 ppm =R Srv Date was: 27 Oct 1988 {s: 3 Mov 1988
9)TFE - D ppm =R Srv Date was: 27 Oct 1988 is: 3 Nov 1988

[1,12)TFE - Standard Gas~H Srv Date was: 27 Oct 1988 is: 3 Nov 1988

[LR)

Exposure Terminated.

TFE Chronic - Main Distribution Valve

Generator valve already OFF. ‘
[LR] TFE Chronic - 1250 ppm Chamber Rats/Mice - Valve Closed

[LR)

TFE -

= Valve Closed

Exposure timers stopped.

1250 ppm ~R/M -OFF Exposure-Enable Environ Dats Collection

Example of 24-Hour "Comment Surnmary" Printout from Data Acquisition and
Control Computer. (Table shows a summary of all comments recorded on "Daily

Log" printout.)
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REFERENCES

Bemstein, D.M. and Drew, R.T. (1980). "The major parameters affecting temperature inside
inhalation chambers", Am. Ind. Hyg. Assos. J., 41, pp. 420-426.

——

Brown, M.G. and Moss, O.R. (1981). "An Inhalation Exposure Chamber Designed for Animal
Handling", Lab. Anim. Sci., 31, pp. 717-720.

Griffis, L.C., Wolff, R.K., Beethe, R.L. et al. (1981). "Evaluation of a Multi-Tiered Inhalation
Charnber", Fundam. Appl. Toxicol., 1, pp. 8-12. -

Moss, O. R. (1980). "A chamber providing uniform concentration of particulates for exposure of
animals on tiers separated by catch pans”. In Workshop on Inhalation Chamber Technolo

BNL 51318, Drew, R.T., editor. Brookhaven National Laboratory, Associated Universities,
Inc., Upton, NY. ‘

Moss, O.R., Decker, J.R. and Cannon, W.C. (1982). "Aerosol Mixing in an Animal Exposure

Chamber Having Three Levels of Caging with Excreta Pans", Am. Ind. Hvg. Assoc. J., 43,
Pp. 244-249,

F.60



Cage Maps

F.61



COMMENTS

PROJECT: NTP-IRT CEEMICAL: GALLIUM ARSENIDE
STUDY: TERATOLOGY CHEAMBER: CONTROL
ROOM: 404 DATE : — 8/5/89 to 8/7/89
PuB
LEVEL 1
LEVEL 2
1707
659 -%'
€53
624 730 689
502 704 642
484 ‘688 634
466 489 623
437 468 618
T 431 455 606
391 .- 542
384 DZJL%E‘ 531
3169 3|2(81 Grp A
Grp B Grp B Dist. Rats
“Rats Rats LEVEL 3
LEVEL 4
654 7217 ,
638 620
560 592
302 536 588
181 330 530 582
177 319 523 547
173 315 | 266 ;3; h6s 533
t;: 3?3 %;: 276 447 509
126 190 | 186 194 3172 482
42 159 | 158 191 364 W17
22 134 44 LY Grp C virgin
2 49 10 a5 Rats Rats
Virg Grp A Grp B Grp €
Mice Mice Mice Mice LEVEL §
LEVEL 6
1136 1171
1134 1170
1129 1168
1126 1158
1121 1153
1035 1076 1115 1152
TR
To1s | 1073 1098 1143
1016 1058 1091 1142
1015 1053 1089 1140
1014 1052 Male Male
1008 1047 Rats Rats
1003 1044
Male Male
Mice Mice F.62




PROJECT:__NTR-IRT CHEMICAL: GALLIUM ARSENIDE

STUDY: TERATOLOGY CHAMBER: 1 mg/m3
ROOM: 404 . DATE: 8/5/89 to 8/16/89
PiB
LEVEL 1
LEVEL 2
LEVEL 3
LEVEL 4

1043 [ 1078
1038 ] 1069
10297 1066

10261 10464
1024 1061
1021 | 1059

1006 | 1055
1005 1048

1004 1046

Male Male
Mice Mice

LEVEL §

LEVEL 6

COMMENTS F.63




®
COMMENTS

PROJECT: NTP-~IRT CHEMICAL: GALLIUM ARSENIDE
STUDY: TERATOLOGY CHAMBER: 10mg/m3
ROOM: 404 DATE : 8/5/89 to 8/7/89,
’ Fad
LEVEL 1
LEVEL 2
706
684 —
617 697
645 665 694
633 664 679
616 611 672
583 568 ‘629
495 479 614
403 453 610
380 Sie on 5fz[e7, 520
367 Grp A
Grp B Grp B Dist. Rats
Rats Rats LEVEL 3
LEVEL 4
716 769
656 632
649 625
335 308 635 607
325 278 597 486
234 255 562 477
228 297 250 318 480 429
195 254 182 292
180 127 | 116 209 A58 A0l
130 120 48 176 , 443 379
107 94 16 118 438 366
46
2L 2 190 Grp C Virgin
8 52 3 48 Rats Rats
Virg Grp A Grp B Grp C
Mice Mice Mice Mice LEVEL §
LEVEL 6
1119 1176
- 1117 1174
1116 1171
. 1102 1169
1041 1101 1164
10404 1071 1099 1161
1037] 1068
094
Toae | 1067 1 1144
1033 1063 1087 1137
1032 1060 1085 1135
1028 | 1u56 1081 1130
1017 1051 Mal Mal
0 ale ale
10101 1050 Rats Rats
1009 | 1049
Male Male
Mice Mice F.64




PROJRCT: _NTP-IRT ' CHEMICAL: GALLIUM ARSENIDE

STUDY: TERATOLOGY CHAMBER: 37 mg/m3
ROOM: 404 DATE: 8/5/89 to 8/7/89
‘ Pubd
LEVEL 1 0 |
LEVEL 2 .
721
661
650
644 690 708
608 681 676
599 680 617
594 " 669 591
593 636 587
575 613 558
571 Dq 7 Dist. : 543
381 Sac. bk . - 525
370 §/2[57- Grp A
- Rats
Grp B Grp B Dist. ‘
Rats Rats ' . LEVEL 3
LEVEL 4
683
652 728
639 703
626 658
598 657
561 546
324 496 529
310 492 517
289 350
237 | 216 435 493
270 | 223 | 204 396 444
166 130 317 378
110
277 96 83 Grp © virgin
136 43 56 39 Rats Rats
Virg Grp A Grp B Grp C
Mice Mice Mice Mice LEVEL &
LEVEL 6
1125 1175
1123 1172
1109 1165
1106 1160
1030 1105 1151
1025 | 1077 1096 1141
1022 1072
8 138
1020 1065 108 1
1012 1057 1080 1131
1011 1054 1079 1128
1007 1042
1002 1039 Male Male
Rats Rats
1001 | 1034

Male Male

COMMENTS Mice Mice £.65




PROJECT: _NTP-IRT

STUDY: TERATOLOGY
ROOM: 404
LEVEL 2
719
714 [
710
667 675
663 622
642 595
603 567
499 449
457 4¢3
442 de 7 DISI.
421 52‘;’,??
411 /
Grp B Grp B Dist.
Rats Rats
LEVEL 4
@
346 264
280 238
172 168 210
167 164 205
268 34 106 114
104 27 88 17

Virg Grp A Grp B Grp C

Mice Mice Mice

LEVEL 6

Mice

{
‘:OMMENTS
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CHEMICAL: GALLIUM ARSENIDE
CHAMBER: 75_mg/m3
DATE : 8/5/89 to 8/7/89
nis
! LEVEL 1
723
717
712
711
702
698
631
574
Grp A
Rats
LEVEL 3
687 715
678 695
584 685
535 637
518 627
494 540
474 527
446 504
407 472
389 405
Grp C Virgin
Rats Rats
LEVEL 5
1120 1167
1111 1166
1107 1163
1104 1157
1100 1156
1097 1150
1092 1146
1090 1133
1086 1127
1082 1122
Male Male
Ratsa Rats
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QUALITY ASSURANCE

Quality Assurance Statement



Quality Assurance Statement
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INHALATION DEVELOPMENTAL TOXICITY STUDY OF
GALLIUM ARSENIDE IN RATS AND MICE

Quality Assurance Statement

Listed below are the phases and/or procedures included in the study described in tl.*s report which
were “eviewed by the Quality Assurance Unit during the period, 6/01/89 - 8/31/89, or specifically

for this study and the dates the reviews were performed and findings reported to management. (All
findings were reported to the study director or his designee at the time of the review.)

Date Findings Submitted
‘ ' in Writing to
Phase/Procedure Reviewed Review Date Study Director/Management

Animal Receipt 6/22/89* 6/28/89
Randomization 6/23/89 ‘ 6/28/89
Identification 6/23/89 6/28/89
Data 7/06/89* 7/17/89 -
Health Screen 7/10/89% 7/31/89
Clinical Observations 7/11/89 7/31/89
Body Weights 7/11/89 7/31/89
Dosing ' 7/26/89* ‘ 7/26/89
Necropsy 8/08/89* 8/24/89
Data 2/ 9,13,15/90* 4/19/90
Final Report 4/16-20, 23-27/90 &

5/1-2,4/90 & 6/5-6/90,12/02/90* 12/03/90

* Reviewed specifically for this study.

Oaticeie d Kt v ta 1213 ) %0
Quality Assurance Auditor Date

_\% /3 JFo
Quality Assurance Auditor Date

G.2
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