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SUMMARY

Gallium arsenide is a crystalline compound used extensively in the

semiconductor industry. Workers preparir_g 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-I (Swiss) mice exposed to

0, i0, 37, or 75 mg/m 3 gallium arsenide, 6 h/day, 7 days/week. Each of the

four treatment groups consisted of I0 virgin females (for comparison), and -30

positively mated rats or =24 positively mated 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 a sacrifice

(rats, 20 dg; mice, 18 dg). Implants were enumerated and their status

recorded. Live fetuses were sexed and examined for gross, visceral, skeletal,

and soft-tissue craniofacial defects. Gallium and arsenic concentrations were

determined in the maternal 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 3. There

was no evidence of embryotoxicity or frank teratogenicity. The maternal NOAEL

for inhaled gallium arsenide in rats is at least 10-mg/m 3. The NOAEL for

developmental toxicity is I0 mg/m 3 if determined solely on the basis of
I

adverse effects achieving statistical significance; however, nonsignificant

indications of developmental toxicity were present at this exposure

concentration.

Determination of gallium and arsenic concentrations in m_ternal rat

blood and in the conceptus showed that arsenic concentration in the blood

achieved high levels (170 _g/g at 75 mg/m 3 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 _g/g at 75 mg/m 3 on 20 dg), 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 t_ansfer. Gallium Concentrations were much lower than arsenic

levels in both the maternal blood and in the conceptus, but gallium

concentration was greater in the fetus than in the dam (approximately 1.3 vs.

0.5 _g/g at 75 mg/m 3 on 20 dg, respectively).

Swiss (CD-1) mice were much mo_e sensitive to the effects of gallium

a:senide than were the lats. 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/m 3

groups exhibited signs of pulmonary toxicity; minimal pulmonary toxicity was

cbserved in the 10-mg/m 3 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 37,mg/m 3 exposure

concentration. There were signs of embryolethality, fetal growth retardation,

significant increases in the incidence of fetal variations (primarily

sternebral defects): and a slight, but not statistically significant, increase

in the incidence of fetal malformations. A NOAEL for developmental toxicity

was not achieved in this study.

O
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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 becauze of its superior semiconductor

properties. Industrial hygiene studies have indicated a potential for

inhalation exposure to airborne gallium arsenide dust by workers involved in

the manufacture of photovoltaic solar cells, cleaning of gallium arsenide

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

No studies 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 reviews on the

developmental toxicity of various forms of arsenic are available (Barlow and

O Sullivan 1982; Willhite and Ferm 1984). In general, As[III] appears to beless teratogenic than As[V], but more embryolethal (Hood and Harrison, 1982;

Willhite 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 I. Prenatal exposure to arsenic has also been

reported to cause a significantly increased incidence of leukemia in the adult

offspring (Osswald and Goerttler 1971).

d
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-I mice following i.p.

administration of 20 mg/kg sodium arsenate or the per oral (p.o.)

administration of 40 mg/kg on 18 dE; these doses approximated the maximum

tolerated doses in terms of abortion or maternal death. Dams were killed at

0
GALLIUM ARSENIDE DEVELOPMENTAL TOXICITY 1 December 1990



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 _g/ml) and I0 rain (6.93+1.00 _g/ml),

respectivel',; fetal levels peaked at 6 h (0.77±0.27 _g/ml) and 2 h

(3.49±2.95 _g/ml), respectively. Ali 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 acid (DMA) greatly predominated over monomethylarsinic acid,

and that the fetal DMA concentration exceeded inorganic 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 a_senic

following administration of sodium arsenate 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

0arsenic in the maternal blood was determined. At 48 h after implantation of a

minipump containing 0.642 M arsenate (equivalent to to 200-223 _moles/kg; 15-

17 mg/kg), maternal blood levels reached =0.65 _g/ml and remained at that

level through 13 dg (the end of the study). A maternal blood concentration of

4.3 _mole As/kg blood (0.32 _g/ml) on 8 dg is mildly teratogenic to golden

hamsters, while a blood concentration of 8.4 _mole/kg (0.63 _g/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 remaine d 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 (-i,000 mg/kg or

500 mg/kg, respectively, which approximated the minimum lethal dose 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

O 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 of 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 insoluble and

-0
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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 solution) and maintained at pH 7 4. During the

dissolution process the arsenic in the gallium arsenide was found to migrate

to the surface of the particles and solubilize preferentially following

surface oxidation to a species resembling As2Os. 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 bioavailable 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 i, 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.

O
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Arsenic from gallium arsenide was metabolized to the same metabolites as

O were found for arsenite and arsenate. However, based on urinary excretion

data, only about 10% of the arsenic from gallium _rsenide was absorbed, much

lower than for the other two compounds. The majority 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 _rom

orally administered gallium arsenide was excreted in the feces of hamsters.

Because of the low rate of absorption of arsenic f_Dm the pulmonary system of

gallium arsenide treated animals, the bioavailability of arsenic is lower than

that in animals treated with either arsenite or arsenate.

Rosner and Carter (1987) found dimethylarsi**ic acid was the major

urinary metabolite for all three arsenic compounds. The ratio of

dimethylarsinic acid to other arsenic 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.

L

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 also 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 t_xicity study will be presented

in a separate report.

[]
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Gallium arsenide exposure concentrations of 0, I0, 37, and 75 mg/m 3 were
IW

chosen for the developmental toxicity study with the intent to produce a

minimum, but observable, maternally toxic response at tne highest

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

for developmental toxicity at the lowest exposure concentration. The middle

exposure concentrationwas chosen with the intent of providing adequate data

for interpreting the dose-response characteristics. The choice of these

concentrations was based on the results of the repeated dose and 13-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 I0 _g/m 3. The study protocol may be found in Appendix F.

b
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MATERIALS AND METHODS

Z_2ZIZ/2_

Bulk Analysis and Storaq_

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

theoretical 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 I00 ppm.

O 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%.

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 _t room temperature (=20 °C) under an inert

nitrogen atmosphere and protected from direct exposure to light as recommended

by the NTP analytical contractor. In 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.

O
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Test Chemical _tability Studies i

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 studies indicated

that the surface of the test material contained gallium oxide, arsenic

trioxide, and gallium arsenide. Tl%e 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 o5 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 approximstely 50

to i00 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 i

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-transm_.ssion electron microscopy, their

concentration is less than the XRD analysis 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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O impurities were again found to be <1% by weight. Additional details of testchemical stability measurements can be found in Appendix A of this report.

Monitorina of Test Chemical Concentration in Exposure Chambers

Gallium arsenide aerosol concentrations were monitored with real-time

aerosol monitors (RAM-l, MIE Corp., Bedford, MA; Figure I) . These devices

used a pulsed light-emitting diode in co_ination with a silicon detector to

sense light scattered over a forward angle of 45 ° to 95° by the particles

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

0.I to 20 _m diameter size range.

The sample system used a valve to multiplex one RAM to two exposure

chambers and eiuher the control chamber or 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 theacquisition of data from the monitor. The

equations for the calibration curves were contained 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

i0, 37, and 75 mg/m 3, and two additional chambers were maintained at

concentrations of 0.i and 1.0 mg/m 3 for the purpose of chamber monitor

calibration. The 1.0 mg/m 3 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 _oncentrations 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 th 9 average blank plus three times the standard

deviation of the blank, and was calculated to be 0.020, 0.013, and 0.006 mg/m 3

for RAM#l, RAM#2 and RAM#3, respectively.

During prestart tests for the recently conducted 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 aerosol, this estimate included both

A

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.

AND EXPOSUP_ METHODS

Ex__

The animals were exposed and maintained in inhalation exposure chambers

developed at PNL (Moss 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 conunercially produced by the Harford System Division of Lab Products,

Inc., Aberdeen, MD. The chamber (Figure 2) facilitates multiple-tier

Q
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exposures of various laboratory rodent species to aerosol- and vapor-laden

atmospheres. The total volume of the chamber is 2. m 3 with an active mixing

volume of 1.7 m 3, 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.

Drawer-like stainless steel cage 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 position 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 that it flows vertically along the inner surfaces of the chamber.

Eddies are formed at each tier as 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 is deflected across the bottom

Q tiers by metal strips in the space between the catchpan and the wall. Tests

have shown that aerosol or vapor concentrations uniform to within 3 to 8%

throughout the chamber can be obtained repeatedly provided the aerosol or

vapor is uniformly mixed before passing through the chamber inlet (Moss 1980;

Mo:Is 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).

Exposure Suite System Description

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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airflow, 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 r_,om were stored on separate

magnetic diskettes by HP Model 9_21 micro-floppy d_sk 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 llst of all

comments generated by the computer and operators.
i

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 flexibl_-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 aspirated 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

0
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eZ 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

Plastomer Products, Newton, PA) used the fluid energy from opposing air jets

to cause partlcle-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 larqe_ 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 the flexible brush dust feeder.

The size distribution of the bulk material was such that the mass median

aerod_/namic diameter (MMAD) would be beyond the limits prescribed by the study

protocol if it had been disper3ed as supplied. As pointed out abovee 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 parti,_les which

resulted in attraction of the particles to the walls of the delivery system

thereby reducing the delivery efficiency. It may 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 ]piece of plastic

duct which had two i0 mCi 63Ni-plated foils suspended in the center. The

diameter of the duct and the activity of the foils were matched to provide
z

-0
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sufficient time for t_e aerosol to reach Boltzmann equilibrium at the system
flow rate.

The aerosol whil;h exited the charge neutralizer was conveyed across the

hall from the suite cl)ntrol center into the exposure room by the aerosol

distribution line (Fiigure 4). At each chamber 10ca!Zion, an Air-Vac _ (Air-Vac
Engineering Co., Inc.j, Milford, CT) pump siphoned material from the

J

distribution line in£o the chamber inlet. The 0.I and 1 mg/m 3 exposure
i

chambers were connected to a secondary distribution llne which was coupled to

the ,.lain llne with a stainless steel tube and an Air-Vac pump. The
rf

concontr._tion was fui'ther _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 Concentration In Chambers

i

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 this 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 concentration in the chamber (T9o) and the time following the

termination of generation for the aerosol concentcation to decay to 10% of the

stable concentration (TIo) were determined from the graphs. The values of Tgo

and TIO are summarized in Table 2.

The mean value for T9O without animals was approximately ii minutes in

Phase I 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 Tgo value of 12 minutes was used in this study. Tlo ranged from 7 to i0

minutes with animals in the chambers.
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O Uniformity of the aerosol concentration in the exposure chan_ers was
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 on-line RAM. The sampling location for the uniformity

measurements was just above and about i0 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 variabilit Z (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 variability (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

O 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 (IF) before, during, and after all other ports are

measured. The TPV is determined from, at the minimum_ 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 = 4(TPV) 2 _ {WPV) 2

Since the WPV is often determined from fewer measurements than the TPV,

statistically it is possible for the WPV to be greater than the TPV. In these

cases, the BPV 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 (Mercer-style 7-stage impactor, In-Tox

Products, Albuquerque, NM) were taken once each month 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 s_rized in Table 4. The particle size distributions for

the aerosol 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 I.i _m with geometric standard deviation,

ranging between 2.0 and 2.1.

In order to determine the persistence of the chemical in the chamber

following exposure, the concentration of gallium arsenide in the 75-mg/m 3

chamber was monitored overnight following shutoff of the generation system.

Measurements were made with and without animals 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 concentration data and daily performance for each chamber

are presented in tabular and graphical form in Appendix C.

_EALTH _dqD SAFETY

Because gallium arsenide is insoluble in water, consideration was given

to containment during the condu_t 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.
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_h[/_[_L HUSBANDRY

CD (Sprague-Dawley) rats (373 females; 105 males) were received 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 rats per cage).

Swiss (CD-1) mice (368 females; 87 m_ales) 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 to the start

of exposure. During the quarantine period males and females were housed

separately on stainless steel wire racks equipped with automatic waterers

(_i0 mice per cage).

Three weeks into the quarantine period I0 animals of each species were

randomly selected 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-I (KRV/HI). 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 I0 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.

GALLIUM ARSENIDE DEVELOPMENTAL TOXICITY 17 December 1990



Rats were =14 weeks of age at the beginning of exposure, and mice were

=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 housed continuously in 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 exposure

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 Validyne 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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O 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-controiled

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 determination. The MPX valve

was controlled by either a manual switch or by a computer-controlled relay.

This allowed RH to be measured manually 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 calculated by the exposure system executive computer using

the dewpoint value and the drybulb temperature (measured simultaneously at the

O location the RTD by applying a form of the Antoine equation
same by system)

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=I00 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

0
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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. In 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

between 50.7 and 58.6% RH, all within the specified limits of 40 to 70%. In

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 (I 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. Js_

g
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O DEVELOPMENTAL TO_(ICITY STUDY DESIGN

This portion of the study was comprised of the following experimental

groups and numbers of animals:
Number of

Number of Exposure
Rats Concentrations Total

i i i i

0 mg/m 3 30 x 1 30

I0 mg/m 3 31 x 1 31

37 mg/m 3 30 x 1 30

75 mg/m 3 30 x 1 30

Virgin (Test Groups) i0 x 3 30

Virgins IControls) I0 x 1 i0
161

Number of

Number of Exposure
Mice Concentrations Total

0 mg/m 3 23 x 1 23

i0 mg/m 3 24 x 1 24

37 mg/m 3 22 x 1 22

75 mg/m 3 24 x 1 24

Virgin (Test Groups) i0 x 3 30

Virgins (Controls) i0 x 1 I0

O 133

Female rats and mice were weighed and individually identified by tail

tattoos (AIMS _, Inc., Piscataway, NJ) 3 weeks after receipt. Weight data

were acquired 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 matea rats (=32/group), and 93 mated mice (-24/group) I. ()roups

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

IApproximately 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.
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i

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 Cage 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, I0,

37, and 75 mg/m 3 for 6 hours + T9o/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 began 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

to the toxic effects of inhaled gallium arsenide.

The highest target exposure chamber concentration, 75 mg/m 3 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 weights for mated female rats were acquired on 0, 4, 6, I0, 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 i, 3, 7, iI, 14,

and at sacrifice. Virgin mice were weighed on exposure days I, 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 2 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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O abnormalities; the maternal liver and kidneys were removed and weighed. 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. Ovarian 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, #I 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

_pecimen 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.

O
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DISTRIBUTION STUDY DESIGN I

This portion of the study was comprised of the following experimental

groups and numbers of animals:

Number of Exposure

. ._ Sperm-Positive Rats Conc entr@ti0ns 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 3 for 6 hours + T9o/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 2 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 gross tissue abnormalities. A maternal
J

blood sample was collected via cardiac puncture and the gravid uterus was11

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, L

144

O
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ANALYSIS OF TISSUE_I_2./J__2__.C_.L.L_UM AND ARSENIC

Sa4_ple PreDaratiQ/l..and Analysis

Weighed tissue samples ranging from approximately 0.I 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 I-3 ml of concentrated,

ultrapure, nitric acid was added. Each vessel was sealed and the contents

digested in a oven at II0-130°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% HNO3. If necessary,

subsequent dilutions were performed to produce a solution with a final gallium

or arsenic concentration between i0 and 160 _g/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

O 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 Appendix 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 concentratJ >ns of i0, 40, I00, and 160 _g/l each of gallium and

arsenic in -2% nitric acid solution. A check standard containing I00 _g/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 _g/g. However, when

0
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gallium and arsenic concentrations in blood were lower than approximately 1

_g/g, recoveries were very low and precision was poor. Detailed 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 fc_ 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 times the standard deviatio,_ of the blank. The MQL for

tissue analyses was calculated by multiplying the solution quantitation limit

(_g/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 ®

statistical software on a VAX I1/780 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-wa_ _ 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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DATA 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 anl 1229.

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

or until NTP requests transfer of the data, whichever occurs first.

O
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EXPOSURE GENERATIOhLAND MONITORING

Gallium arsenide chamber concentration uniformity data and particle size

were satisfactory. The mean test material concentrations for all exposure

chambers were between i00 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 generating high yet stable aerosol concentrations. The %RSD

value for the 37 mg/im 3 chamber fell outside the acceptable range because of

several brief excursions in concentration. Accumulations of test material in

the distribution line and chamber inlet Air-Vac® pumps occasionally broke

loose and caused brief spikes in the chamber concentration. The duration of

these spikes was usually 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.

DEVELOPMENTAL TOXICI!_/___
i

There were no deaths among exposed rats (Table I0). Many females in the

37- and 75-mg/m 3 gal].ium arsenide exposed groups exhibited dyspnea during the

later portion of the exposure period; the incidence, duration and severity

were related to expoI_ure concentration. Approximately one-third of the

animals in the 37-mg/m 3 group, but none in the 75-mg/m 3 group, were observed

to be hyperactive du:cing the middle portion of the exposure period. Some

nasel discharge was noted in all exposed groups at various times during the

course of exposure. Clinical signs di d not differ significantly between mated

and virgin female rats.

The predominant gross lesion observed in rats in the 37- and 75-mg/m 3

exposed groups at sacrifice was grey mottled lungs (27/30 and 28/30,

respec£ively), while most animals in the 10-mg/m 3 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 effects on maternal body weight, on adjusted maternal

weight gain 2, or on the body weights of virgin rats as a result of exposure to

the concentrations of gallium arsenide used in this study (Tables ll and 12).

The mean uterine weight 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 ratswas 89% and did not differ

significantly among treatment groups (Table 13). Exp,_sure to qallium

arsenide, which began on 4 dg (prior to implantation), had no effect on the

nun_er of corpora lutes, 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 3 exposure groups, and in male fetuses in the 75-mg/m 3

group (Table 1.4). There were also slight reductions (not statistically

significant) in the fetal weights of rats of both sexes in the lowest exposure

group (I0 mg/m3), and for male fetuses in the 37-mg/m 3 group. Thus, there was

a significant trend-effect on fetal weight versus increasing exposure

concentration. There were no treatment-related effects on fetal liver weights

or on fetal liver-to-body-weight ratio s . The sex ratio 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 Es

Neither the types nor the incidence of malformations in rat rebuses were

significantly affected by gestational exposure to gallium arsenide (Tables 15

and 16). However, the incidence of reduced ossification of the ste_nebrae

(classified as a variation) was increased in an exposure-related fashion

(Table 17), and was statistically significant for the 37- and 75-mg/m 3 groups.

2Adjusted maternal weight gain = terminal body weight - uterine weight - 0-dg

body weight.
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O 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 accountedithe trealment-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.

DEVELOPMENTALTOXICITY: MICE

The 37- and 7_-n_g/m 3 exposure concentrations were quite toxic to the

female mice. In the 75-mg/m 3 group 8/10 virgins and 8/24 plug-positive

females were either found dead or moribund; in the 37-mg/m 3 group deaths were

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

Approximately one-half of the female mice in the I0- and 37-mg/m 3

gallium arsenide groups, and all mice in the 75-mg/m 3 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 3 exposed groups was grey and/or mottled lungs (17/17 and 15/16,

respectively). Only two females in the 10-mg/m 3 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 3 groups were significantly less than control dams on 9

through 15 dg; however, by 18 dg only the 75-mg/m 3 group weighed significantly
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less than controls (Table 19 and Figure 9). Adjusted maternal weight gain 3 in lm&

mice was significantly less than controls for the 75-mg/m 3 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 3

exposure 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 on the kidney to body weight ratios;

however, the liver-to-body-weight ratio for the 75-mg/m 3 group was

significantly greater than the control group. The mean liver weight for

virgin mice in the 75-mg/m 3 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. Individual organ weights are presented in

Appen_lix 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

imp]- tions. The significantly reduced corpura lutea count in the 75-mg/m 3

grOui_ is due to the presence of 7 litters with 100% early resorptions. In

these litters the pregnancy was not maintained long enough to allow the

corpura lutea to develop. The number and percent of resorptions per litter

were significantly increased in the 75-mg/m 3 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 litters with 100% resorbed fetuses in the

control group for this study or for other recently conducted studies using

CD-I mice in this laboratory.

3Adjusted maternal weight gain = terminal body weight - uterine weight - 0-dg

body weight.



The mean fetal body weights for mice were significantly reduced in the

O 37- and 75-mg/m 3 exposure groups in both sexes (Table 22). There was also a

slight, but not significant reduction 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 whenrepresented as

the mean percent of male fetuses per litter (Table 22). Reproductive 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 galli_, 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, encephalocele, and several

vertebral defects. The vertebral defects, the incidence of which was

significantly correlated to increasing exposure concentration, included

O 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/m 3 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 clear 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/m 3 groups relative to the control group for

misaligned sternebrae, sternebral defects 4, and reduced ossification of the

4 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 skull, 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/m 3 group (Figure i0). 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/m 3 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 ii). Levels of

gallium in the maternal blood for the 75-mg/m 3 group never exceeded 0.6 _g/g,

while arsenic levels reached approximately 170 _g/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 3

exposure groups was not proportional to the increase in exposure
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O 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/m 3 groups was not proportional

to the differences in exposure concentration.

O
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O
DISCUSSION

Gallium arsenide was administered to positively mated CD (Sprague-

Dawley) rats and CD-I (Swiss) mice at target concemtrations of 0, i0, 37, and

75 mg/m 3 on 4 through 19 days of gestation (dg). Actual mean gallium arsenide

concentrations achieved were between i00 and i01_i_of the target

concentrations. Inhalation parameters for chamber temperature, relative

humidity, and airflow were all within acceptable ranges.

RATS:

In rats, the hyperactivity noted following exposure in the 37-mg/m 3

group was transient 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

O lungs in the 37- and 75-mg/m 3 groups accounts for the dyspnea observed in
these groups during the latter part of the exposure period. Based on

histopathological results fro;n 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/m 3 group is likely a result

of the CO2 asphyxiation. In 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 resulted from gestational exposure to gallium

arsenide particles, although a slight fetal growth retardation which was

correlated to increasing exposure concentration, was present in fetal rats of

both sexes. The growth retardation was indicated from _.eductions in fetal

body weight and increases in the incidence of incompletely ossified

sternebrae, both of which became significant at the 37-mg/m 3 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 Jnt lack of embryotoxicity or severe fetotoxicity in the rat

following gestational exposure to gallium arsenide was somewhat surprising in

light of the results of the analysis of maternal blood for arsenic and

gallium. Althoug h the gallium levels were quite low at all times, arsenic

levels in maternal blood exceeded 150 _g/g in the 75-mg/m 3 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 _g/g.

The teratogenic sensitivity of rats and hamsters to arsenate following

i.p. injection appears to be similar. Ferm (1977) and Beaudoin (1974) i

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 _g/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 _g arsenic/ml on 7 dg, rising to over 150 _g/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 _ere 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

formsw e.g. arsenite and arsenate (Hood et al. 1982). In fact the doses of

methylated forms of arsenic required to induce developmental toxicity exceed

by 100-fold the doses of inorganic arsenic required to cause a teratogenic

response in mice and hamsters (Harrison et al. 1980). Rats have been shown to

be capable of methylating inorganic arsenic compounds and furthermore, to

retain very high levels of tightly bound arsenic in their blood (Odanaka et

al. 1980). Odanaka 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

• qP 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 74As(III) or 74As(V) in single 0.4 mg/kg oral doses.

The elimination rate of arsenic, as well as the degree of meth_.,lation, was

lower in rats that in the mice. However, this is 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 bound to the intracellular

protein of the erythrocytes. Differences in the results of these two sSudies

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 (19ev) 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 hamsters were killed at i,

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 arsenic

metabolites (As[III], As[VI, monomethylarsonic acid, and an unknown compound)

were approximately the same for arsenite, arsenate, and arsenide except at 1

day posttreatment where the the ratio of dimethylarsinic acid to the others

was greatest for gallium arsenide. Thus, arsenic from gallitun 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 species may then be tightly

bound to the hemoglobin in the erythrocytes where they remain for long periods

of time, but are not available 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 sufficient arsenic concentrations were available to the fetus

to cause the observed developmental toxicity.

Based on distribution and elimination studies with gallium nitrate

(Newman et al. 1979), 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.

ZIC_:

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/m 3 exposure groups; however, maternal body weights of survivors were

significantly decreased for only the 75-mg/m 3 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 arsenide exposure on

maternal health at the 10-mg/m 3 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/m 3 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 3 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 3 group as a statistically

significant reduction in the number of live fetuses per litter may have been

caused by the severe maternal toxicity present at this expo.sure 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 exposure 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 J.n the contemporary

control data was 5,8+.7,0% (n-184 litters) and that for the control group in

this study was 6,6+.7,1%,

Fetal body weights for mice were reduced in all exposed groups with the

reduction becoming stat±stically significant at the 37-mg/m 3 exposure

concentration. The reduction in fetal body weight was accompanied by an

exposure correlated increase in the incidence 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/m 3 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 incompletely

ossified sternebrae was more than double that of the control group. The fetal

body weights 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 - 0.3±2.0%, and

incompletely ossified sternebrae - 3.2±6.2% (Table 29). Thus, gestational

exposure to gallium arsenide at these exposure concentrations appears to

result in treatment-correlated fetal growth retardation. Since this occurs in

the presence of apparent maternal pulmonary toxicity, but in the absence of a

reduction in maternal weight gain at I0 mg/m 3, it is difficult to assess

whether or not there is selective developmental toxicity.

The statistical significance of the increase in the incidence of fetal

malformations in mice for any gallium arsenide exposed group is questionable,

but several malfermations 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, gestational exposure of Sprague-Dawley rats to gallium

arsenide resulted in maternal toxicity as evidenced by apparent pulmonary

toxicity at 37 and 75-mg/m 3. However, developmental toxicity in the form of

concentration-related growth retardation evidenced as reducq_d fetal body

weight and an increased incidence of fetal variations was present at the

lowest exposure concentration, I0 mg/m 3, and became statistically significant

at the next highest concentration, 37 mg/m 3. There was no evidence of

embryotoxicity or frank teratogenicity. The maternal NOAEL for inhaled

gallium arsenide in rats was 10-mg/m 3. The NOAEL for developmental toxicity

was I0 mg/m 3 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 maternal blood

and in the uterine contents of rats showed that arsenic concentration in the

O maternal blood achieved significant levels, increased with exposureconcentration, and over the course of exposures. Arsenic concentrations in

the developing fstus 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 bnund 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-I) 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 achieved in this study. Developmental toxicity was evident in

all three exposed groups, and became statistically significant at the 37-mg/m 3

exposure concentration. There were signs of embryolethality, fetal growth

Q
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retardation, and a slight, but not significant, increase in the incidence of

fetal malformations. A NOAEL for developmental toxicity was not achieved for

mice in this study.
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F__. Gallium Arsenide Inhalation Developmental Toxicity Study:

Chamber Concentration Monitoring System
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FRONT VIEW SIDE VIEW

Moss et al. 1982. Amer. Ind. Hyg. Assoc. J. 43(4)244-249

,E_,,T,.G.T,_. Gallium Arsenide Inhalation Developmental Toxicity Study:

Inhalation Exposure Chamber U.S. Patent 4,216,741

(Top: Oblique Cutaway View; Bottom: Airflow Patterns) i
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_. Gallium Arsenide Inhalation Developmental Toxicity Study:

Study Exposure Suite

D
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_. Gallium Arsenide Inhalation Developmental Toxicity Study:

Cross-Section Schematic of the Battelle-Designed Flexible-

Brush Dust Feed Mechanism U.S. Patent 4,424,896
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Gallium Arsenide IRT: 37 mg/m^3 Chamber
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LZ___. (cont) Gallium Arsenide Inhalation Developmental Toxicity

Study: Buildup and Decay Curves of Concentration in Animal

Chambers
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_. Gallium Arsenide Inhalation Developmental Toxicity Study:

Animal Exposure Chamber Schematic Showing Approximate

Sampling Locations (F = Front; B _ Back)
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FI?._. Gallium Arsenide Inhalation Developmental Toxicity Study:

Persistance of the Chemical in the Chamber Following Exposure of
Animals.
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F_/_. Gallium Arsenide Inhalation Developmental Toxicity Study:

Cumulative Maternal Weight Gain in Mice
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O
TABLE 1 Fetal Abnormalities Induced by Arsenate.

Hamst e rs i Mice 2 Pat s 3

Exencephaly Rib malformations Vertebral defects
Rib malformations Vertebral defects Renal agenesis

Renal agenesis Exencephaly Rib malformations

Other urogenital Short jaw, protruding Anophthalmia
abnormalities tongue Gonadal agenesis

Cleft lip and palate Hydrocephalus Exencephaly

Anophthalmia Exophthalmia

IFerm et al. 1971.

2Hood and Bishop 1972.
3Beaudoin 1974.

TAB_ 2. Gallium Arsenide Inhalation Developmental Toxicity

Study: Summary of Tg0a and T10 Data.

Target Conc. _o [rain] T10 [min]

(rag/m31 Prestart Poststart Prestart Poststart
1 9 15 13 7

I0 12 II I0 I0

37 14 12 10 9
75 14 12 9 7

a A value of 12 minutes was used for Tg0 for the study.
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TABLE 3. Gallium Arsenide Inhalation Developmental Toxicity Study:

Summary of Chamber Uniformity Data (On-line Measurements
Only).

Target Conc. TPV [%RSD] WPV [%RSD] BPV [%RSD]

(m_/m 3) Prestart Poststart Prestart Poststart Prestart Poststart
1 I.i 2.5 I.i 4.7 0.4 -_a

i0 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 T-

TPV = Total Port Variation. Acceptable limit < 7% RSD.

WPV = Within Port Variation. Acceptable limit _< 5% RSD.

BPV = Between Port Variation. Acceptable limit <_ 5% RSD.

a When the WPV is greater than the TPV, the BPV is very small and it
cannot be resolved from the WPV.

_. Gallium Arsenide 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.

(m_/m 3) MMAD I_ml GSD
1 0.8 2.1

I0 l.l 2.0

37 1.2 2,0
75 1.3 2.0

A
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TABLE 5. Gallium Arsenide Inhalation Developmental Toxicity Study:

Summa'tion of Chamber Environmental Data for Rats.

TEMPERATURE (OF)a

Target Number Percent
Concentraton Percent of Number of Samples of Samples

(mg/m 3) Mean_SD Tar_et+%RSD Maximum Minimum Samples In Range In Range
Room 70.0+2.5 97±4 74.7 63.4 146 91 62
0 75.6±1.4 101±2 78.2 71.7 136 134 98

I0 75.3±1.5 i00±2 78.3 71.5 136 130 96

37 75.7±1.7 i01_2 80.0 71.4 138 122 88

75 74.9+1.6 100Z2 78.7 71.7 129 123 95

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

the exposure room.

RELATIVE HUMIDITY (%RH) b

Target Number Percent
Concentraton Percent of Number of Samples of Samples

(m_/m 3) Mean+SD Tar_et+%RSD Maximum Minimum Samples In Range In Range

O 0 58.6±5.0 106±9 69 45 139 139 i00
i0 57.9±5.2 105±9 71 48 141 140 99
37 56.9±7.1 103±12 68 39 141 138 98

75 55.3±7.4 100±13 66 38 141 138 98

bAcceptable Range = 40 to 70%.

AIRFLOW (CFM) :

Target Number Percent
Concentraton Percent of Number of Samples of Samples

(mg/m 3) Mean_SD Target+%RSD Maximum Minimum Samples In Range in Range
0 15.2±0.7 101±4 16.2 13.6 152 152 i00

I0 14.4±0.5 96±4 16.0 13.4 153 153 i00
37 13.8±0.7 92±5 16.3 12.3 154 154 i00

75 14.2±0.8 95±5 17.0 12.7 154 154 I00

CAcceptuble Range = 12 to 18 CFM.

! A
W
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_. Gallium Arsenide Inhalation Developmental Toxicity Study. A

Summation of Chamber Environmental Data for Mice.

TEMPERATURE (OF)a

Target Number of Percent

Concentration Percent of Number of Samples of Samples

(mg/m 3) Mear_ISD Tar_et+%RSD Maximum Minimum Samples In Range In Range
Room 71.0±3.1 99±4 78.2 63.4 176 103 58

0 75.6±1.3 i0112 78.2 7,1.7 166 163 98

1 76.1±1.1 101±1 78.8 73.2 81 77 95
i0 75.0+1.6 100±2 78.3 71.5 166 160 96

37 75.3±1.8 i0012 80.0 71.4 168 150 89

75 74.7±1.6 100±2 78.7 71.7 157 151 96i

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

the exposure room.

RELATIVE HUMIDITY (%RH) b

Target Number of Percent
Concentration Percent of Number of Samples of Samples

(mg/m 3) Mean/SD Targeti%RSD Maximum Minimum Samples In Range _n Range
0 57.0+5.9 104±10 69 42 169 169 I00

1 50.7±4.2 92+8 62 42 84 84 I00

i0 58. Ii4.9 106±8 71 48 170 169 99

37 56.3±7.4 102±13 68 39 171 166 97
75 55.4Z7.8 101±14 68 38 171 165 96

bAcceptable Range = 40 to 70%.

AIRFLOW (CFM) c

Target Number of Percent
Concentration Percent of Number of Sam21es of Samples

(m_/m 3) Mean/SD Targett%RSD MaximUm Minimum Samples In Range In Range
0 15.2Z0.7 101Z5 16.2 13.6 182 182 I00

1 14.5+0.7 96Z5 16.1 12.9 92 92 i00

I0 14.4±0.5 96Z4 16.0 13.3 183 183 100

37 13 .SZ0.7 92±5 16.3 3.2.3 184 184 i00
75 14.2±0.8 95+5 17.0 [2.7 184 184 i00

CAcceptable Range = 12 to 18 CFM.
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_. Gallium Arsenide Inhalation Developmental Toxicity Study: Minimum

Detectable Limits (MDL) for Gallium, Arsenic and Zinc.

Tissue Type MDL. Ga I_q) MDL AS (_ql MDL Zn (_ql

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/Testes 0.I0 O.15 ...... 0.25

a Zinc was only measured in testes.

i

_. Gallium Arsenide Inhalation Developmental Toxicity Study: Minimum

Quantifiable Limits (MQL) for Gallium, Arsenic and Zinc.

Tissue Tvpe MQL Ga (_I MQL As (_g) MQL Zn (_g___

Female Rat/Whole Blood 0.20 4.22 __a

Male Rat/Whole Bleod 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

a Zinc was only measured in testes.
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2_. Gallium Arsenide Inhalation Developmental Toxicity Study:

Summation of Exposure Concentration Data.

RATS

Target Number Percent
Conc. Percent of Number of Samples of Samples

(m_/m3) a Mean±SD Target±%RSD Maximum Minimum Samples In Ran_e In Ranqe
Room b 0.029±0.018 _ 0.180 0.001 287 --

0c 0.010±0.0034 _ 0.024 0.0 287 -- --

i0 10.2±0.74 102±7 15.1 8.7 185 182 98

37 38.8±12.3 105±32 166 28.8 186 175 94
75 75.6±6.72 101±9 105 60.4 185 180 9'7

MICE

Target Number of Percent

Conc. Percent of Number of Samples of Samples

(mg/m3) a Mean±SD Tar_et±%RSD Maximum Minimum Samples In Range In Range
Room b 0.028±0.018 _ 0.180 0.001 336 -- --

0c 0.009±0.003 d _ 0.024 0.0 336 -- --
1 1.0±0.09 100±9 1.5 0.86 119 117 98

i0 10.1±0.74 102±7 15.1 8.3 224 220 98

37 38.3±11.3 104±30 166 25.9 225 211 94
75 75.3±6.53 100±9 105 60.4 224 219 98

Q
a Acceptable Range = Target ± 20%.
b The MDL for the RAM monitoring the exposure room was 0.013 mg/m 3.

c The MDL for the RAM monitoring the control chamber was 0.006 mg/m 3.

The MDL for the RAM monitoring the control chamber was determined to be

0.006 mg/m 3 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 3 to be
consistent with values <MDL.

OGALLIUM ARSENIDE DEVELOPMENTAL TOXICITY December 1990

i



_. Gallium Arsenide Inhalation Developmental Toxicity Study: Female

Rat Disposition.

Target
Gallium Arsenide

Conc. Treatment Mated Scheduled

(mg/m 3) Group Virgins Mated Distribution RemOved Sacrifice
0 1 I0 30 9 0 49

I0 2 i0 31 9 0 50

37 3 i0 31 9 Ia 49

75 4 I0 30 9 0 49-- ,,, ,, , l,

aAnimal removed from study due to bad teeth.

_. Gallium Arsenide Inhalation Developmental Toxicity Study_ Mean

Body, Uterine, Adjusted Maternal Gain a and Organ Weights of

Pregnant Developmental Toxicology Rats (g ± SD).

.-.- _ i,i,i I,L I ' -- '

Target
Gallium Arsenide

O Concentration !mq/m31 0 I0 37 75
i i

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

i0 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 + 27.2

20 dg 420.9 + 35 4 419.8 ± 39.5 427.1 ± 26.9 419.5 ± 33.0

Adjusted Maternal

Gain a 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 + 23.3

Liver 17.3 + 2.1 17.5 ± 1.8 17.8 + 1.8 17.5 ± 2.0

Percent LBWR b 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 KBWR c 0.55 + 0.06 0.56 + 0.06 0.56 ± 0.04 0.57 + 0.07

a Adjusted maternal gain = weight (20 dg) - weight (0 dg) - uterine weight.

b LBWR = liver to body weight ratio x 100.

c KBWR = kidney to body weight ratio x I00.
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2_. Gallium Arsenide Inhalation Developmental. Toxicity Study: Mean Body

and Organ Weights of Virgin Rats (g ± SD).

-- in. -- iii i .i i --m, _- ni i

Target
Gallium Arsenide

Concentration (mg/m 3) 0 I0 37 75

N I0 10 10 i0

Body Weight

Exposure Day 1 299.7 ± 23.3 303.3 ± 26.6 305.8 + 31.1 305.3 ± 28.0

Exposure Day 3 305.3 ± 22.8 304.2 ± 23.2 304.8 ± 30.4 301.5 ± 26.8

Exposure Day 7 313.1 ± 27.1 308.8 ± 23.5 305.3 ± 30.4 304.8 ± 25.0

Exposure Day ii 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 a 13.23 ± 1.35 15.45 ± 2.31 b 16.03 ± 1.58 b 14.47 ± 1.82

Percent LBWR c 4.18 ± 0.28 4.79 ± 0.43 4.96 ± 0.ii 4.60 ± 0.44

Kidney 2.43 ± 0.24 2.54 _+ 0.29 2.63 + 0.30 2.54 ± 0.22

Percent KBWR d 0.77 ± 0.06 0.7,.9± 0.05 0.81 ± 0..05 0.81 ± 0.07

a Significantly correlated with exposure concentration, p<0.05.

b Significantly different from control group, p<0.05.

c LBWR -- liver to body weight ratio x i00.

d KBWR - kidney to body weight ratio x I00.
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_=./_. Gallium Arsenide Inhalation Developmental Toxicity Study:
Reproductive Measures (Mean + SD) in Rats.

i, , i

Target
Gallium Arsenide

Concentration (mq/m 3) 0 i0 37 75
i

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 i 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 >2 Resorptions 4 4 6 6

PERCENTAGE OF :

P_egnant Females 83 87 93 93

Live Fetuses/Litter 93.7 ± 7.2 96.2 ± 5.1 93.5 ± 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 i.i ± 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 _2 Resorptions _6 15 21 21
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_. Gallium Arsenide Inhalation Developmental Toxicity Study: i

Average Fetal Weights, Average Fetal Liver Weights (Mean of

Litter Means; g ± SD), and Fetal Sex Ratio in Rats (Mean of
Litter Means; % ± SD) .

Target
Gallium Arsenide

Concentration _m___q/m3) _0 .......... I0. _ ..........37 75
Litters Examined

with Live Fetuses 25 27 28 28

Fetal Weight
Male a 3.70 ± 0.24 3.59 ± 0.23 3.56 ± 0.21 3.3 A ± 0.32 b

Female a 3.57 ± 0.27 3.42 ± 0.24 3.39 ± 0.18 b 3.20 ± 0.30 b

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 c

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

a Significantly correlated with exposure concentration, p<0.05.

b Significantly different from controls, p<0.05.

c LBWR - liver to body weight ratio x I00.
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_, Gallium Arsenide Inhalation Developmental Toxicity Study:
Malformations Observed in L_ve Rat _'etuses,

Irl ii ,. i H .... ii, :_ i,, ,,,,.,___ , ,J

Target Fetuses a Litters a
Gallium Arsenide

Concentration (mq/m3) 0 10 37 _ 75 0 i0 ......37 ....75
Total Examined b 368 405 418 403 25 27 28 28

Heads examlned c 185 205 209 201 25 27 28 27

Skulls examined d 183 200 209 202 25 27 28 28

'_ Viscera examined ° 183 200 209 202 25 27 28 28
i i i t ll,ln i iii i i . ii i i

_alformations :

Cleft Palate No. - 1 - 1 - 1 - 1

(%) (0,2) (0.2) (3,7) (3,6)
Edema No. - - - 1 - - - 1

(%) (0,2) (3,6)

i ii illl ii i illli i i i i i i i i i i i

TOTAL:

Malfprmat!_ns ..... NOI. i0 i i 0 ...... _ .... -- _ --iii -

Fetuses (Litters) No. 0 1 0 2 0 1 0 2

with Malformations (%) (01' 0 )(0"2 I i( 0 QL0 I ( 0ii' 5 I (0" 0 I (3.7,1 (0.0) (7.11

i A single fetus or litter may be represented sora than once in this table' '

All fetuses examined for external and skeletal defects. One-half had heads

removed prior to skeletal staining.

c Heads fixed in Bouin's solution for evaluation of soft-tissue craniofacial

O evaluations.
d Heads rentained on the fetuses for skeletal examination; see (b) .

e Visceral examinations performed on approx. 50% of live fetuses.

m
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2_, Gallium Arsenide Inhalation Developmental Toxicity Study, Mean

Percent of Live Rat Fetuses Affected per Litter

(Mean Percent _ SD),

__ ww

Gallium Arsenide

Concentration (m_/m 3) 0 I0 ,. 37 75
Number Litters

with Live Fetuses 25 27 28 28

Live Fetuses_Litter 14_7 ± 3.5 15,0 _ 3_5 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 Malf0rmations - 0.3 ± 1,5 ...... - 3'8 ± 18,9

VARIATIONS:

Dilated Ureter 7.0 ± 13,8 8,0 ± 16.1 8.9 ± 21,2 3,6 ± i0,i

Renal Pelvic Cavitation 2.6 ± 7.3 3,1 ± 11.4 0.7 ± 3.8 0,4 ± 2,1

Missing Innominate Artery - - - 0.4 ± 2,4

Misaligned Sternebrae 0.I ± 1.8 2,6 ± 5.3 2.2 ± 3.9 2,0 ± 4.2

Sternebral Defects a 0.3 ± 1.4 0.2 ± 1.0 0.9 ± 2.3 0,7 i 2.9

Rib Defects a 1.0 ± 2.9 0,3 ± 1.4 0.6 ± 2.5 1.2 ± 4,0

Supernumerary Rib 8.4 ± 9.8 5.2 ± 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 0.7 ± 2.7 3,6 ± 9.4
Skull 8,5 ± 16.6 10.6 i 22,8 2.2 ± 5,9 8.5 ± 14.2

Sternebrae b 6,8 ± 9,2 15.8 ± 19,0 24.7 ± 23.4c30,3 ± 25,4 c

Vertebral centra 17.4 ± 20.0 22.2 ± 21.7 22.1 ± 17.2 27.0 ± 24,5

Total Variations b . 35.8 ± 21,0 43,1 ± 21.1 48.8,± 25.1 56,1 ± 27.6 c
a

See text for description of sternebral and rib defect.

b Significantly correlated with exposure concentration, p<0,05.

c Significantly different than controls after arc sine transformation, p<0.05.
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2/_iI__i_, Gallium Arsenide Inhalation Developmental Toxicity' Study: Variations and

Reduced Ossifications Observed in Live Rat Fetuses.

Target FetUses a T_'itL_ers a
Gallium Arsenide

Exposure Concentration

(mg/m 3) ...... 0 i 0 l 37 75 ..... 0 .... I 0 -- 37 75

Total Examlned b 368 405 418 403 25 27 28 28

Heads examined a 185 205 209 201 25 27 28 27

Skulls examined d 183 200 209 202 25 27 28 28

Viscera examJ_ned e 183 200 209 202 25 27 28 28,,: i i, , ,, , ] -- L_ --

VARIATIONS z

Dilated Ureter No, 13 ii 16 7 7 9 8 5

(%) (7.1) (5,5) (7,7) (3,5) (28.0) (33.3) (28.6) (17.9)
Renal Pelvic No, 5 2 1 I 3 2 i i
Cavitation (%) (2,7) (I,0) (0,5) (0 5) (12,0) (7,4) (3,6) (3,6)

Missing No, - - - 1 - - - 1

• Innominate Artery (%) (0 5) (3.6)

Misaligned No, 2 Ii 9 8 2 8 8 7
Sternebrae (%) (0.5) (2,7) (2.2) (2 0) (8.0) (29.6) (28.6) (25.0)

Sternebral Defects f No. 1 1 4 4 1 1 4 2

(%) (0.3) (0,2) (I.0) (i 0) (4.0) (3,7) (14.3) (7.1)

Rib Defects f No, 4 1 3 5 3 1 2 3

(%) (i,I) (0.2) (0.7) (I 2) (12.0) (3,7) (7.1) (10.7)

Supernumerary Rib No. 30 23 30 23 15 14 14 13
(%) (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 4 3 6

O (%) (1.6) (2.2) (i.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) (Ii,i) (7.1) (17,9)

Skull No. 17 17 5 19 6 9 4 I0

(%) (9.3) (8.5) (2.4) (9.4) (24.0) 133,3) (14.3) (35.7)
Sternebrae No. 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 centre No. 58 91 97 105 19 20 23 25

....... (%1 (!5'81 (22.5) (23,2) (26.1) (76.0) (74.1)_ (82.1) (89.3).

Total Number

of Variationsg No. 161 231 278 356 -- ...... -- --. -- ....,r

Total Fetuses

(Litters) with No. 123 175 207 239 25 27 27 26

Variations .........!%.! (33,41 (43.21 (4,9.51 159,3) (100,0) (1,00.0) (9.6,41 192,91 ....

aA single fetus or litter may be represented more than once in this table.
bAll fetuses were examined for external and skeletal defects, One-half had heads removed

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

dHeads remained on the fetuses for Jkeletal examination; see (b).

eViscerals were performed on approx. 50% of live fetuses, I

fSee text for description of sternebral and rib defects.

gThere may be >i variation per fetus.
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2j_. Gallium Arsenide Inhalation Developmental Toxicity Study:
Female Mouse Disposition.

Target
Gallium Arsenide

Cone. Treatment Virgins Mated Scheduled

(mq/m31 Group .... _ Virqins Mated Died a ....Died a Sacrific e
0 1 i0 23 0 0 33

I0 2 I0 24 0 0 34

37 3 i0 22 8 5 19

75 4 _ I0 24 Ii8 ..... 8 18
aMoribund sacrifice or found dead'.....
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O 2_. Gallium Arsenide Inhalation Developmental Toxicity Study: Mean
Body, Uterine, Adjusted Maternal Gain, and Organ, Weights of
Surviving Pregnant Mice (g ± SD).

i

Ta rget
Gallium Arsenide

Concentration (mg/m 3) 0 i0 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 ± 1o7

6 dg 30.6 ± 1.7 31.2 ± 2.0 30.5 + 1.7 30.6 ± 1.7

9 dg a 32.5 ± 1.6 31.1 + 2.4 28.8 ± 2 85 27.7 ± 2.6 b

12 dg a 38.0 ± 2.7 35.9 ± 3.6 32.8 ± 3.95 30.8 + 4.6 b

15 dg a 45.7 + 4.1 43.7 ± 5.8 39.7 ± 6.2 h_ 36.1 ± 8.0 b

18 dg a 54.8 ± 5.8 52.9 ± 8.8 47.2 ± 10.4 40.4 ± 12.6 b

_!_ Adjusted

Maternal Gain a,c 5.5 ± 1.8 5.8 ± 2.4 4.3 ± 2.7 2 4 ± 3.2 b

Uterine a 19.9 ± 4.4 17.9 ± 6.4 13.8 ± 8.3 8.5 ± 9.6 b

Liver 2.79 ± 0.33 2.80 + 0.44 2.58 + 0.73 2.36 ± 0.60

Percent LBWR a,d 5.12 + 0.52 5.3£ ± 0.48 5.56 ± 1.37 5.93 + 0.61 b

Kidney 0.45 ± 0.05 0.47 ± 0.07 0.60 ± 0.57 0.46 ± 0.05

O Percent KBWR e 0.83 -+ 0.Ii 0.91 ± 0..22 1.32 ± 1.15 1.23 + 0.38
aSignificantly correlated with exposure concentration, p<0.05.

5Significantly different from control group, p<0.05.

• CAdjusted maternal g_in weight (18 dg) - weight (0 dg) - uterine weight.

dLBWR - liver to body w_ght ratio x i00.

eKBWR - kidney to body weight ratio x 100.

m
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O
22_. Gallium Arsenide Inhalation DevelopmentallrToxicity Study: Mean

Body and Organ Weights of Virgin Mice (g' _I-SD).

Ta rget
Gallium Arsenide

Concentration (m_/m 3) 0 I0 37 75
L

N I0 I0 2 2

Body Weight

Exposure Day 1 29.5 ± 2.0 28.9 + 1.6 30.2 ± I.I 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 ± i.I 27.7 ± 1.5
Sacrifice 29.2 ± 1.9 28.7 + 1.8 30.0 + 1.3 28.7 ± 1.9

Liver a 1.72 ± 0.16 1.78 + 0.18 1.85 ± 0.22 1.98 ± 0.54 b

Percent LBWR c 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 KBWR d 1.45 ± 0.Ii 1.41 + 0.i0 1.47 ± 0.17 1.59 ± 0.02

i,

aSignificantly correlated with exposure concentration, p<0.05.

bSignificantly different from control group, p<0.05.

CLBWR - liver to body weight ratio x I00.

dKBWR - kidney to body weight ratio x i00.
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2u%_LE__?,I. Gallium Arsenide Inhalation Developmental Toxicity Study_
Reproductive Measures in Mice (Means of Litter Means ± SD) .

Target
Gallium Arsenide

Concentration Im_/m 3) _ 0 I0 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 a 13.6 ± 1.9 12.5 ± 4.7 10.8 ± 5.7 7.3 ± 7.6 b
Implantations/Dam 12.8 ± 3.1 12.6 ± 3.1 12.3 ± 3.0 12.4 ± 2.9

Live Fetuses/Litter a 11.9 ± 3.0 ii.0 ± 4.1 9.1 ± 5.7 5.6 ± 6.85

Resorptions/Litter a 0.9 ± 0.9 1.6 ± 1.8 3.2 ± 4.8 6.9 ± 5.7 b

Early a 0.6 ± 0.8 1.2 ± 1.9 2.1 ± 4.4 5.7 ± 5.7 b

Late 0.3 ± 0.5 0.4 ± 0.7 I.i ± 2.6 I.I ± 3.7
Dead Fetuses/Litter 0 0 0 0

Litters with Resorptions 9 18 I0 ii
Litters

with _2 Resorptions 6 I0 6 i0
Litters with

100% Non-live Fetuses 0 2 4 8c

PERCENTAGE OF:

Pregnant 74 92 94 88

O Live Fetuses/Litter a 93.4 ± 7.1 82.6 ± 27.3 70.2 ± 42.5 39.3 ± 47.65
Resorptions/Litter a 6.6 ± 7.1 17.4 ± 27.3 29.8 ± 42.5 60.8 ± 47.65

Early a 4.4 ± 6.1 14.5 ± 28.3 20.8 ± 39.6 52.6 ± 49.8 b
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 _2 Resorptions 35 45 38 71
Litters with

100% Non-live Fetuses 0 9 25 57 c
i

aSignificantly correlated with exposure concent__on, p<0.05.

5Significantly different from control group, p<0.05.

CSignificantly greater than control group (Chi-square, p<0.05) .
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2_. Gallium Arsenide Inhalation Developmental Toxicity Study: Average

Fetal Weights (Mean of Litter Means; g ± SD) and Fetal Sex Ratio in
Mice (Mean of Litter Means; % ± SD). g

Target
Gallium Arsenide

Concentration (m_/m31 0 I0 ..... 37 75
Litters Examined

with Live Fetuses 17 20 12 6

Fetal Weight a

Male a 1.34 ± 0.09 1.27 ± 0.II 1.16 ± 0.055 1.12 ± 0.07 b

Female a 1.33 ± 0.i0 1.25 ± 0.II 1.13 ± 0.09 b 1.08 ± 0.I0 b

Percent Male 43 ± 16 52 ± 15 51 ± ii 45 ± 13

aSignificantly correlated with exposure concentration, p<0.05.

bSignificantly different from the control groupr p<0.05.
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_. Gallium Arsenide Inhalation Developmental Toxicity Study:

O Malformations Observed in Live Mouse Fetuses.

i , I

Target Fetuses a Litters a
Gallium Arsenide

Concentratio n (m_/m 3) 0 i0 37 75 0 10 37 75

Total Examined b 202 242 145 78 17 20 12 6

Heads Examined c 102 121 75 41 17 20 12 6

Skulls Examined d 100 121 70 37 17 20 12 6

Viscera Examined e 100 121 70 37 17 20 12 6
i, i_ i,

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 --

(%) (I.0) (1.7) (0.7) (11.8) (20.0) (8.3)

Open Eye No. 1 -- -- -- 1 -- -- --
(%) (0.5) (5..9)

Vertebral Defects g No. -- -- 3 3f -- -- 3 2 f

(%) (2.1) (3.8) (25.0) (33.3)

TOTAL :

Malformations No. 3 6 6 5 ....

O Fetuses (Litters) No. 3 6 6 5 3 5 6 2
with Malformations (%) (1.5) (2.5! (4.1) (6.4) (17.6) (25.0) (50.0) (33.3)

' aA 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.
CHeads fixed in Bouin's solution for soft-tissue craniofacial evaluations.

dHeads 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) .

gSee text for description of vertebral defects.
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2_LY.=_. Gallium Arsenide inhalation Developmental Toxicity Study' Mean

Percent of Live Mouse Fetuses Affected per Litter

(Mean Percent ± SD).
/

/

,/

/

Target ,
Gallium i<.rse/nide ,

Concentration (m_/m 3) 0 I0 37 75
Number Litters Examined 17 20 12 6

Live Fetuses/Litter 11.9 ± 3.0 ......II.0 ± 4.1 .... _.I ± 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 - -
Limb Flexure 1.0 + 2.9 1.7 ± 3.7 0.6 ± 2.2 -

Open Eye 0.4 ± 1.7 -- -- --
Vertebral Defects a -- -- 2.2 ± 4.1 4.2 + 7.0

Total Malformations 1.4 + 3.2 2.6 .+_5.3 4.2 ± 4.4 6.9 ± Ii.I,, ,,, i , ,,, ,,

VARIATIONS :

Misaligned Sternebrae 16.6 ± 15.6 14.6 ± 13.7 24.8 ± 19.7 34.0 ± 13.2
Sternebral Defects a'b 3.8 ± 5.8 9.1 ± 13.4 I0.0 ± 11.7 23.3 ± 27.8 c

Rib Defects a - -- 2.7 ± 5.2 3.1 + 4.8

Supernumerary Rib 26.6 ± 26.2 15.7 ± 21.8 23.2 ± 23.2 30.0 ± 31.8 O
v

REDUCED OSSIFICATIONS:

Pelvis - -- 1.4 ± 4.8 --

Phalanges - - 4.2 ± 14.4 -
Ribs - - 2.8 ± 9.6 --

Sternebrae b 2.5 ± 4.3 8.3 ± 10.9 18.1 ± 17.1 c 29.7 ± 25.2 c

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 Variations b 41.7+ 23.8 40.8 ± 23.8 56.3 ± 22.9 69.9 ± 24.4

aSee text for description of sternebral, rib, and vertebral defects.

bSignificantly correlated with exposure concentration, p<0.05.

CSignificantly different than controls after arc sine transformation, p<0.05.
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2_. Gallium Arsenide Inhalation Developmental Toxicity Study:
Variations and Reduced Ossifications Observed in' Live Mouse

Fetuses.

Target Fetuses a Litters a
Gallium Arsenide

Concentration (mq/m3) 0 i0 37 75 0 I0 37 75

Total Examined b 202 242 145 78 17 20 12 6

Heads Examined c 102 121 75 41 17 20 12 6

Skulls Examined d I00 121 70 37 ].7 20 12 6

Viscera Examined e i00 121 70 37 17 20 12 6

VARIATIONS :

Misaligned
Sternebrae No. 35 36 37 26 f 12 16 Ii 6

(%) (17.3) (14.9) (25.5) (33.3) (70.6) (80.0) (91.7) (I00)

Sternebral Defectsg No. 8 24 14 17 f 6 i0 8 5

(%) (4.0) (9.9) (9.7) (21.8) (35.3) (50.0) (66.7)(83.3)

Rib Defectsg 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 --

O (% (4.1) (8.3)Ribs No -- -- 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 27 f 21 f 5 12 I0 f 6f

(% (3.0) (8.7) (18.6) (26.9) (29.4) (60.0) (83.3) (i00)

Vertebrae No 1 -- 2 4 1 -- 1 1

(% (0.5) (1.4) (5.1) (5.9) (8.3) (16.7)
TOTAL :

Variations h No. 10b 123 137 95 .-- .....-- -- --

Fetuses (Li'_ters) No. 84 I00 84 f 54 f 16 20 12 6

with Variations (%) (41.6)141.3) (57.9) (69.2) (94.1) (i00) (i00! (I00)

aA 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.

CHeads fixed in Bouin's solution for soft-tissue craniofacial evaluations.

dHeads 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) .

gSee text for description of sternebral and rib defects.

hThere may be >i variation per fetus.
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_. 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 -

Gravld 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 >2 Resorptions 37 23.6

Fetal Weight , 3.55 ± 0.3 -
Male 3.64 ± 0.4 -

Female 3.47 ± 0.3 -
ii ,_ i
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2_, Inhalation Developmental Toxicity Study of Contemporary Control

Data: Variations Observed in Live Sprague-Dawley Rat Fetuses,

Fetuses a Litters a Mean Percent

Number Number per Litter

(Percent) (Percent) (+ SD)

Total Examined b 2241 157 -

Heads Examined c 1129 157 -

Skulls Examined d 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

(%) (I.I) (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 ± i0.4

(%) (3.3) (8.9)
Sternebrae No. 167 77 7.8 ± 12.8

(%) (7.4) (49.0)
Vertebrae No. 124 58 5.7 ± 12._

(%) (5.5) (36 .9) ,,

Total Variations No, 562 - 26,3 ± 33.7

Total Fetuses (Litters) No. 426 132 19.4 ± 19.0

with Variations (%) (19,0) (84.1! ......

a 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.

c Heads fixed in Bouin's solution for soft-tissue craniofacial
evaluations.

d Heads that remained on the fetuses had a skeletal examina5ion; _ee (b).
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_. Inhalation Developmental Toxicity Study of Contemporary

Control Data (N-184 Litters Mean ± SD) in Swiss CD-I Mice,

Number Percent

Maternal Weight; 18 dg 54.4 ± 5,0 -

Gravid Uterine Weight 20.0 ± 3.7 -

Extra-gestational Weight Gain 6.6 ± 1.8

Implantations/Dam 12.5 ± 2.3 -
Live Fetuses/Litter 11.8 ± 2.3 94.2 ± 7.0

Resorptions/Litter 0.7 ± 0,9 5.8 ± 7.0

Early 0.5 ± 0.7 3.9 ± 6.0
Late 0.2 ± 0.5 1,9 ± 3.7

Dead Fetuses/Litter 0.0 ± 0.0 0.0 ± 0.0

Litters with Resorptions 95 51.6

Litters with _2 Resorptions 29 15,8

Fetal Weight 1.35 ± 0.1 -
Male 1.38 ± 0.I -

Female 1.33 ± 0.I -

GALLIUM ARSENIDE DEVELOPMENTAL TOXICITY 84 December 1990 O



_, Inhalation Developmental Toxicity Study of Contemporary Control

Data_ Variations Observed in Live Swiss (CD-I) Mguse Fetuses,

., .. ,, , , , l ...... , , ,

Fetuses a Litters a Mean Percent

Number Number per Litter

(Percent) (Percent) (± SD)

'Total Examined b ...... 2'{68........... 184 -

Heads Examined u 1086 184 -

Skulls Examined d 1082 184 -

Viscera Examined 1250 184 -i..,i i,.,,i ii ,.. ii, ,i

Variations :

Dilated Ureter No. 4 4 0.3 ± 2.3

(%) (0.3) (2.2)
Kinked Tall 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 ii 0.9 ± 5.2

(%) (0.8) (6.0)
Misaliqned 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)

O Rudimentary Rib No. 1 1 0.i + 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 i0 1.1 + 5.4

(%) (1.7) (5.4)
Sternebrae No. 69 48 3.2 ± 6.2

(%) (3.2) (26.1)
Vertebrae No. 1 1 0.0 ± 0.5

, (._) (o.o) (o.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)

a A single fetus or litter may be re )resented more than once in this table.

b All fetuses examined for external and skeletal defects. One-half had

heads removed prior to skeletal staining.
c 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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22_3Ji, Inhalation Developmental Toxicity Study of Contemporary Control

Data: Malformations Observed in Live Swiss (CD-1) Mouse
Fetuses,

....... t,,, 4

Fetuses a Litters a Mean Percent

Number Number per Litter
(Percent) (Percent) (+ SD)

, ill i i i,i L i i iH l ii lllll i ,

Total Examined b 2168 184 -

Heads Examined ° i 1086 184 -

Skulls Examined d 1082 184 -

Viscera Examined ..... 1250 184 -

Malformations :

Exencephaly No. l 1 0,i + 1,5
(%) (0,1) (O,5)

Folded Retina No, 2 2 0.2 ± 1,9

(%) (0,2) (I.i)

Open Eye No, 2 2 0,2 ± 1,6

.... Io.21 ...... I..11 .......

Total Malformations No. 5 - 0.3 ± 1,9
H r,H, , • i ,,

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.

b All fetuses examined for external and skeletal defects, One-half

had heads removed prior to skeletal staining,

c Heads fixed in Bouln's solution for soft-tlssue craniofacial

evaluations.

d Heads that remained on the fetuses had a skeletal examination;

see (b).
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O A. Chemistry Materials and Methods--

i.

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 ± i%.

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. In 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 W
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 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 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 dete_nine 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

wh_ther 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 generation

system.

Analysis of samples from occupied and unoccupied exposure chambers and

from exposure generation system were completed as part of the NTP repeated

aose 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 Q
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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 Ga203 and

As203 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 ix_troduced into the system as a result of test chemical

generation.

The _generator cont,.ins a nlmnber of parts constructed of stainless _teel

and brass, and the liner on the trost mill is constructed of tungsten carbide.

These metallic parts aze 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 concentrations that were <1%

by weight. Minor amounts of potassium, calcium, strontium, and silicon were

also detected. These elements were observed only in the samples collected on

filters, and are possibly a result of variability in the amount of these

elements in the filters used for s_mple collection. Elevated values for

potassium, calcium and silicon may a±_u result from contamination of the

chamber samples by ambient dust or animal food particles.
!

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

3. Monitoring of Test Chemical Concentration in Exposure C_

Monitoring of gallium arsenide aerosol was accomplished with RAM-I

aerosol monitors. These devices use a pulsed light-emitting diode in

combination with a silicon detector to sense the ligl_t 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.i to 20 _m diameter size range.

The sample _>23tem 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-I

monitors was automatically read and recorded by the Automated Data Acquisition

and Control System. A Hewlett-Packard HP85B computer remotely ccntrolled the

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

monitor. The calibration equations contained in the HP85B 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 HP85B Computer would have

immediately sent the information to the executive computer for appropriate
action.

Exposure concentration_ for the developmenta ! toxicity study were

initially set at I0.O, 37.C, and 75.0 mg/m 3 ' At the beginning of the study,

two additional chambers were maintained at concentrations of 0.i and 1.0 mg/m 3

for the purpose of chamber monitor calibration. These additional chambers

were initially planned for use in providing a sufficient numbe= of points for
chamber monitor calib=ation curves, and were not to be used for animal.

exposures. However, due to unexpectedly high toxicity at hhe 75.0 mg/m 3

exposure concentzation, ti_e exposure concentration range for male mice was

1.0, I0.0, and 37.0 mg/m 3. Exposures of male mice began 12 days after female

exposures started and continued fur 12 days. Thus, exposure chambers were

maintained at concentrations of 0.i, 1.0, I0.0, 37.0, ana 75.0 my/m J, but the

0.I mg/m 3 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/m 3. Chamber

concentrations determined from analysis of filter grab samples were correlated

with voltage readings from the RAMs obtained concurrently with grab samples.

For each _%M, 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 cal_brations of the RAM monitors were accomplished using GFAAS.

These calibrations were conducted in animal occupied chambers during the final

stages of the gallium arsenlde 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

concentrations, filter grab samples were obtained daily from exposure chambers

and the amount of gallium arsenide on each filter was determined

gravimetEically. 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 accomplished.
was

The RAM-I 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 (±0.001) mg gallium

arsenide/m 3 for RAM#l, RAM#2 and RAM#3, respectively. From these data, the

_L was calculated to be 0.020, 0.013, and 0.006 mg/m 3 for RAM#l, 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 3 for RAM#l, RAM#2, and RAM#3, respectively.

The minimum limit of _antitation (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.I and 1.0 mg/m 3 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/m 3. Corresponding RAM voltages were obtained and employed to

calculate chamber concentration. The %RSD for each of these samples was found

to be < I0%, indicating an MLQ less than i0 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

O system. Nevertheless, data from the prestart phase of the gallium arsenideA.6



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 _m) and the Millipore Type AA

filter (0.8 _m). 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.

J.A_. Dill, Sr. Research Scientist Date
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STANDARD ANALYSIS NEW REPORT

CKEMICAL CHARACTERIZATION OF GALLIUM ARSENIDE

NIEHS CONTRACT NO. NOI-ES-45060

MRI Project No. 7098-C
MRI Task Designation: BS-1849

MID%%ST RESEARCH IESTI_'bq'E
425 Volker Boulevard

Kansas City, MO 64110
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GALLIUM ARSENIDE

Management Information

CAS NO.: 1303-00-0

MRI REQUEST NO.: 354N
MRI TASK DESIGNATION: BS-1849

SUBHITTER: National Toxicology Program

TOXICITY STUDY SUPPORTED: Carcinogenesis

_RI RECEIPT DATE: 10/13/86 (date micronized material was homogenized)

INTERIM REPORT TO NTP: Preliminary written report, 11/5/86
SUPPLIER DATA:

Company: Johnson Matthey, Inc.

Eagles Landing
P.O. Box 1087

Seabrook, NH 03874

Purchase Order Date: Batch 01 = 8/12/85, Batch 02 = 6/5/86

_IRI Assigned Lot No.: MI00386
MRI Batch No.: 04

Amount Available for Testing Laboratory: ~ 21.5 kg in I 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 FORMI/IA: 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 [or 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 I00 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.

O Weight loss on drying indicated 0.02 ± O.01(s)_ water. Chelometric

titration indicated a purity of 98 ± l(s)_.

Bulk chemical protocols for the toxicology laboratory, are included

in this report. These protocols are based on infrared spectroscopy and

che].ometric titration.

O
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STANDARD ANALYSIS NEW REPORT -CHeMICAl CHARACTERIZATION OF GALLIL_ ARSENIDE

I. Ih'fRODUCTION

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 micronizing. The final particle size was determined

to be ~ I pm by transmitted light microscopy.

B. HOMOGENIZATION

After micronizing, Batch 04 of gallium arsenide was manually mixed

and tumbled for approximately 5 rain.

O C. STORAGE
i

After homogenization, the dark gray powder was transferred to one

"S-gal. metal can, and stored at ambient temperature.

III. CHeMICAl STUDIES

This section contains the results of identity confirmation and

purity analyses for the sample of gallium arsenide.

A. C}_MICAL CHARACTERIZATION

This section contains a description of physical appearance, and

the results of elemental analysis, weight loss on drying, and titration,

used to evaluate _he pu_--i_y of the sample.

Dark gr_y to black, finely powdered solid.

1
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2. ELE._ENTAZ ANALYSIS

Element Ga As C H O

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

Difference from Theoretical -0.81 -0.12 +0.05 +0.05

(D-T)

Relative Agreement (%) 98.3 99.8 - -

3. SPARK SOURCE MASS SPECTROMETRY

Elemental Concentrations in Parts Per' Million by Weight a

Element ppm Element p_m Element _ Element ppm

Uranium < 0.I Terbium < 0. I Ruthenium < 0.1 Vanadium 0.16

Thorium < 0. II Gadolinium < O. 1 Molybdenum 6.8 Titanium 3.4

Bismuth < 0.40 Europium < 0.1 Niobium 0.72 Scandium <_I

Lead i < 0.22 Samarium < 0.14 Zirconi_ 2.3 Calcium

Thallium < 0.22 Neodymium < 0.I Yttrium < 3.7 Potassium 14

Mercury hTRb Praseodymium < 0.43 Strontium I.0 Chlorine 7.4

Gold < 0.I Cerium < 4.4 Rubidium < 0.20 Sulfur 4.5

Platinum < 0.1 Lanthanum 0.11 Bromine < 0.28 Phosphorus I.4

Iridium < 0.I Barium < 1.5 Selenium < 0.I Silicon 320

Osmium < 0. I Cesium < 0. I Arsenic Maj Aluminum 950

i _nium ISc Iodine 0.25 Germanium < 0.1 Magnesium 160

Tungsten < 0._-5 Tei_uriu= < 0.I Gzl!ium _aj Sodium 3&

d
Ta:ztaium S Antimony < 0. l Zinc 0._ Tluorine 0.9

liafnium < 0.42 Tin 0.17 Copper 1.7 Oxygen N-R

Lutetium < 0. I Indium IS NickP1 26 _Nitrogen h'R

0
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Element _ Element p_ Element _ Element

Q YtterbiuaL < 0.18 Cadmium 0.47 Cobalt 0.29 Carbon NIR

Thulium < 0.I Silver < 0.I Iron IA0 Boron I.I

Erbium < 0.12 Palladium < 0.I Manganese 2.5 Beryllium < 0.1

Holmium < 0.I Rhodium < 0.I Chromium 37 Lithium 3.2

Dysprosium < 0.I

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

b NIR = not reported.

C IS = internal standard.
d S = instrument souEce.

4. WATER ANALYSIS

Method: WeiEht loss on dryin E at 120°C for ~ 21 hrs

Results: 0.02 Z 0.01(s)_ (n - 3)

5. CH_LO_ETRIC TITRATION

Procedure: Aliquots of a volumetric solution of the sample in 50_

O aqueous nitric acid were buffered to pH 3.5-4.0 and 0.02 M EDTA was added.The excess EDTA was tittered with 0.02 M zinc sulfate to a potentiometric

ndpoint. The titration was monitored with a combination silver electrode
•amalgamated with mercury and filled with aqueous saturated potassium nitrate.

Results: 98 ± l(s)_ (n = 4)

6. SLTtL4RY AND DISCUSSION

The sample was identified as @allium arsenide by elemental analy-

sis. Elemental analysis results for arsenic agreed with theoretical values;
however, the resul:s for gallium were low. The results indicated that there

was no si_!ificaaz amou_nt of Eal.//um oxide prese_ut; if the oxide were present,

the Ga content would be higher than theoretical. Elemental analysis also

indicated :hat carbon and hydrogen were each present a: a concentration of

less than 0.05_, indicating "_L%at"_here are no or_am_ic impurities present.

Spark source mass spec:rome=ry i=dicated r.he following impurities present

a: ieve/_; grea=er -_ I00 ._IrNm:iron, 140 ppz; si!icmu, 520 ppm; aluminum,

950 pp=; and ma rn_i=, _0 _pm. _,I o=her impuri:ies dete_ed by spark

sc.urce mass spec_rDme_.--f _otaied less r/nan 180 ;pm. Weighz loss on dryin:_
fc,_ aDDroximateiv... Z! hr at 120°C indicated 0.02 __ 0 01(s) °' water

' Che!ometric titration indicated a purity of 98 ± i(s)_.

Q
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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 TKE TOXICOLOGY LABORATORY

This section contains chemical handling and bulk chemical protocols

for the toxicology laboratory.

A. CKEMICAL HANDLING PROTOCOLS

Chemical handling protocols are described in the NTP Health and

Safe_y Package for Gallium Arsenide and should be consulted for safety and
emergency procedures in handling this chemical, as well as pertinent chemi-

cal properties.

DISCLAIMZR

The information contained therein is based on data from

curreL% 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.

i

B. BL-LK CHEMICAl PROTOCOLS

This section contains protocols to be followed upon receipt of

the bulk chemical, for initial confirma:ion of identity and purity, and for

subsequent analyses of the bulk chemical during storage at the toxicology

laboratory.

i. RECEIPT OF BULK .I_ICAi

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

_ia_ vlal e__ ed %_-_h a Tefion@.-__/-ue!screwcrg, cap the vial with an

i_e_-_ headsDace, "_ _i_h_!y c!cse and s=-_ :.he vial, and store zt -20°C

_se _ =_-_-_'al /_u subseq_=uer.ta_a!vses. =-_ in:ervais specified by the h_'/P.,

to replace the reference s_andard ini_iaiiy supplied by _I.

O
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b. Bulk Chemical Storage

Store the bulk chemical at room temperature (~25°C_ under an

inert atmosphere and protected from light.

2. COh'FIP_ATION OF IDENTITY AND PURIT%" OF BULK CKEMICAL

Determine whether the bulk chemical received by the toxicology

laboratory is identical to that analyzed by M]_I. Confirm the identity and

purity of the bulk chemical as soou after receipt as practical, using ele-

mental analysis and chelometric titration (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 M]_I

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. II) require

the use of reference material removed by the toxicology laboratory upon
receipt of the bulk chemical.

a. Identity Confirmation bv 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.

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

These analjses 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 _IRI:

Galbraith Laboratories, Inc.:'-;:
P.O. Box &187

2323 Sycamore Drive

Knoxville, TR 37921

Phone: {615) 546-1335

(2> Compare the results of "_h_oelemental a_aivsis, with

the theoretical values as follows" gallium, 48.__°",,arsen/c, 51.8C_.

= Steven Graves.

_'_;_Send 0.5 g of each sample; approximately 3 weeks arc_ required to receive
results of :hese aza!yses.

5
A.17



b. Purity Analysis by Chelcmetric Titration

The basis of this analysis is the chelation of gallium with O
ethylenediaminetetraacetic 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 combinatio_ silver

electrode almagamated with mercury and filled with aqueous saturated po-
tassium nitrate.

(I) Preparation of Equipment

Note: All water used in this analysis should be deion-

ized unless otherwise specified.

(a) Glassware cleanin s' Wash all glasswa_o'4 for
this analysis in the following manner.

CAUTION: Do not use dichromate cleaning solutions,

as indicator-blocking metal contamination may r:sult, even after rinsing.

(i) Wet all internal glassware surfaces with

I0_ (v/v) nitric acid. (Caution: I0_ nitric acid is corrosive; use appro-

priate personal protection.)

(ii) Rinse well with tested deionized w_ter

(water test below).

(b) Water test: Test deionized water source by

the following method to insure that the water does not contain interfering
substances.

(i) To 50 mL of water in a 150-mL Erlenmeyer

flask add 0.5 mL of pH I0 ammoniacal buffer [see step (2)(d), on p. 7] and

a pinch* of Eriochrome Black T indicator [see step (2)(h), p. 8].

(ii) If t.he 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.

(iii) If the color is not _ure blue, add

0.02 M EDTA solution dropwise. If only one drop of 0.02 M EDTA is required

to _.u_-__ rh-_ solution .pure bluo__, no s_g___l_a_, in'.erferenze should b_. exp---__

ienced in _he analysis.

(c) Yes'. for contaminan"zs- -= _'- any time _he

- --- 4= o_ put?addition of one droo_ of 0.02 __ r_DTA toes no: dis_-=rge lh. r_;._ - ' _le

color, _.he water or reagents contain intolerable amoun_.s of metal ions.
To det__rmine wh/zh solution contains _he me-al ions cc-_iunue the test as
follows"

w Sufficient indicator to produce a readily obse._'able color change (red

. to blue).

A._8



(i) To the blue solution [from step (b)(iii)

of Water test, p. 6], add an additional 50 mL of the water being tested.

O If the color red, interfering are entering water
becomes the ions via the

and new water should be tested.

(ii) If the solution prepared in step (b)(i)

of the Water test, p. 6_ _s 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 I0 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 I-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 ZnSO 4 • 7 H20 into a I-L volumetric flask and dilute to vol-
ume with water. Shake well to mix and transfer the solution to a polyethy-
lene bottle.

(c) pH 6 Ammonium Acetate:Acetic Acid Buffer:

O 100 of ammonium into 200-mL volumetric
Weigh approximately g acetate a

flask, then dissolve and dilute to volume with water. Shake well to mix.

Transfer the ammonium acetate solution to a polyethylene bottle and add

'I0-mL of glacial acetic acid. Swirl the solution to mix.

(d) pH I0 AmmoniumNitrate'Ammonium Hydroxide

Buffer" Weigh approximately 10.5 g of ammon-
ium nitrate into a 100-mL 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) pH A.6 Sodium Acetate'Acetic Acid Buffer

Solution A 0.2 M Acetic Acid: Dilute 3 mL of

glacial acetic acid to 250 mi wi:h water. Caution: Add water slo_i7_

a!iowi_n_ mixture _o cool before di!utin_ to vo!_me.

Solution B - 0.2 d Sodium Acetate (CoE_GoNa'3_20)"
____ wa_er.Dissolve 6.8 g of sodim_ a_e_ar_e in _-a_ex a_d d/_luze n_ !50 zL --_

To prepare b_fe:, mix 127 mL of So!ution A
and 125 mL of Soluzion B in a 500-mi volumetric flask and dilute -_ volume

with water.



(f) 50_ Nitric Acid: Slowly add 250 mL of concen-

trated nitric acid to .°50 mL of water. Caution: The solution will be vet%/

hot. Cool before use.

(g) 1.0 N Nitric Acid" Place ~ 75 mL of water

into a lO0-mL volumetric flask, then add 6.& 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: I00 mg of

Eriochrome Black T and I g of potassium chloride mixed and ground to a fine

powder.

(3) Standardization of 0.02 _IEDTA 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-mL beaker. Add 6-mL of 1.0 N nitric acid

to dissolve the calcium carbonate. Assure complet e solution.*

(iii) Add 50 mL of water; then pipet 5 mL of

I0 buffer into the beaker. OpH

i (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 aqueous potassium ni-

trate solution. A 35-mg sample should require abo,lt 17 mL of titrant.

Note: To amalgamate the electrode, the silver tip is cleaned so that it is

shi----_yand then dipped into a small amount of elementa'[ mercurs'. The excess

mercury is carefully wiped off prior to use._

* If calcium carbonate does not completely dissolve, add an addizion_l I mL

of 1.0 N nitric acid and check the solution for proper pE (pE I0) with

pH paper after addition of buffer in step (3)(a)(iii), above.
_ A suitable electrode is available from Bri_i_nann Instruments, Co., Divi-

sion of Sybron Corporation, Can_iague Road, Westbu_-F, h-f I!590_ Cata-

log No. 20 92 460-8, Model No. EA 246/6.0404.100. Electrode cables

are sold s_para'.ely and r.he ca'_aiog number is dependeaz on "_= _,-pe cf
ins =r ,ume=_"-o be ,used.

l Solutions _o be _i_rated must be =_o= cf materials %"._ch reac% _..-=,

mercury(II) or mercury(I) ions, such as cyanide, sulfide, bromide, and

large amounts of chloride.

O
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(v) Titrate at least duplicate blanks con-

taining 50 mL of water, the volume of 1.0 N nitric acid used to dissolve

O the calcium carbonate, and 5 mL of pH I0 buffer. Determine the validityof the blank by doubling the volume of water, nitric acid and pH I0 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:

Wx LP

Molarity = (A- B) x 100.09

where W = weight of CaCO s (in mg),

LP = label purity of CaCO s (e.g., 99.9_ = 0.999),

A = volume of titrant required for CaCO 3 (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.

(A) Standardization of 0.02 M Zinc Sulfate

(a) Titration0
" (i) Volumetrically pipet a 10-mL aliquot of
the standardized 0.02 M EDTA solution into a 250-mL beaker. Add 7 mL of

pE 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 I0 mL of ti_rant.

(iii) Titrate at least duplicate blanks con-

taining 50 mL of wa_er and 7 mL of pH 4.6 buffer. De_.ermine :he validity

of the blank by doubling the volumes of water and buffer. If _he volume of

titran', required for the larger blanl-,is _ot ._wice +_h_-.obse_.-ved for the

smaller blank, use zero for the blank value in the czi_-u_latio_xs.

9
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(b) Calculations

(i) Calculate the molarity of the titrant to

four significant fi"gures, using the following formula:

MI = (M2 x V2)l(Vl- B)

where MI = molarity of the zinc sulfate solution,

M2 = 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), and

V2 = 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 mE

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 qP!

_rom the stopper into the volumetric flask, as well as rinsing down the

mouth and neck of the flask, with ~ I0 mL of 504 nitric acid. Extreme

caution should be taken when the nitric acid is added to the gallium

arsenide as nitrous oxide _ases are released. Flush the evolved gases

from the flask with a gentle stream of nitrogen.

(iii) Add an additional 20 mL of 504 nitric

acid and again flush the flask with nitrogen. Place the flask in a soni-

cator for ~ I0 mi_ to insure dissolution of the sample. Dilute to volume

wi_-h 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 Erlenmeyez flasks,
th_ add 20 mL of water and 7 mL of pH 6 buffer to each soluzion. Volu-

me:rica!ly pipet 20 mT. of 0.02 M EDTA into each flask and swiml to mix.

(ii) Titrate samples with the standardized

0.02 M zinc sulfate. Monitor the titration poten_iome_rically over the

potential range 0 to *700 mV with the electrode system described in

Section IV.B, 2. (3) (a) (iv) , p. 8. A 20-rag sample (5-mL aliquot) should

require approximately 11.5 mL of zinc sulfate _itran:.

0
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(iii) Titrate at least dupl; ate blanks con-

taining 5 ml of 50_ nitric acid, 20 ml of water, 7 mL of psi 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 th_ tenths place using the followingformula :

Purity (_)= (B- A)x M x I&4.6G x I00
w

where B = average volume of titrant required for blanks (in mL),
A = volume of titrant required for sample (in mL),

M = average molarity of the zinc sulfate titrant, and

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

(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.

O 3. SUBSEQUENT AN/_YSES

Determine whether the purity of the bulk chemical remains

L_nchanged during the toxicity study. Use reference material stored at

"20°C (p. A), 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 & hr prior

to analysis. Obtain a sample of the stored bulk chemical. Analyze the

two samples concomitantly so that the two sets of test result._ can be dir-
ectly compared.

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

(pp. 6-11) to monitor the purity of the bulk chemical bv chelom_c_c zitra-

tion at intervals specified by [he NTP during the toxicity studyf

O
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V. COh"_IB_ORS

Perso_el contributing to the analysis of galli_ arsenide were

Nancy Cameron, Calvin Patterson, Fay Gottuso, and Nadean Taylor, under the

s_e_ision of Alice Clark, and Mike Ca_uon.

Chemical Characterization

Linda Siema_

Chemist

Approved:

Dora W. Arnesou, Ph.D.

Principal Investigator

,vK. M. Stelting, Ph.D.Director

BioOrganic Chemistry Department
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SUPPLEMENTARY REPORT

ACCELERATED STABILITY STUDY FOR GALLIUM ARSENIDE

NIEHS CONTRACT NO. NOI-ES-45060

MRI Project No. 7098-C
MRI Task Designation: SUB-1923

0

_[IDWESTRESEARCH INSTITUTE
425 Volker Boulevard

Kansas City, Missouri 64110

February 5, 1987
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' _;ALLIUM ARSENIDE

_ana_gent Information r

f
i

CAS NO.: 1303-00-0

MRI REQUEST NO.: 354N {MRI TASK DESIGNATION: SUB'I923

SUBMITTER: National Toxicology Prggram

TOXICITY STUDY SUPPORTED: Carcinogenesis

_I RECEIPT DATE: 10/13/86 (date micronized material was homogenized)

IA"F£RIM REPORT TO NTP: Preliminary written report, 11/5/86; standard

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

Company: Johnson !Jatthey, Inc.

Eagles L!Inding
Post Offiice Box 1087

Seabrook, NH 03874

Purchase Order Date: Batch 01 = 8/12/85, Batch 02 = 6/5/86

Company Lot No.: MI00386
I_RI _2tch No.: 04

Amount Available for Testing Laboratory: ~ 21.5 kg in I 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

A.26



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.

O
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SUPPLEMENTARY REPORT--ACCELERATED STABILITY STUDY FOR GALLIUM ARSENIDE

I. INTRODUCTION @

The purpose 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 monitored 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 temFerature. 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 a

Temperatuze (% of -20°C Sample)

-20°c 100_+2 (s) (n=5)
5°C 99 +-4 (s) (n = 2)

25°C 101 -+2 (s) (n = 2)

60°c 10o_+I (s) (n=2)

a
Pooled standard deviation = oo,_-#@.

C. CONC_USIONS

Gallium arsenide is stable, within expez/mem_al 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 miniumum of &_ loss was required to conclude, at the 95_ confidence level,
that gallium arsenide was unstable.

1
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REVISED* ANALYSIS OF REPROCURED GALLIUMARSENIDE
AND REVISED BULK CHEMICAL PROTOCOLS

NIEHS CONTRACT NO. NOI-ES-4_060
MRI Project No. 709B-C

MRI Task Designation: RE-217B

MIDWE._TR_SEARF.HINSTITUTE
425 Volker Boulevard

Kansas City, Missouri 64110

Oczober,26, !gSB

" Revision of RE-2178, Analysis of ReDrocure.OGallium Arsenide and Revised
Bulk Chemical Prozocols, da:ed Oc:oDer 19, 1988.
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GALLIUM ARSENIDE

0
Management Information

CAS NO.: 1303-00-0
MRI REQUEST NO.: 354N
MRI TASK DESIGNATION: RE-217B
SUBMITTER: National Toxicology Program
TOXICITY STUDY SUPPORTED: Carcinogenesis
MRI RECEIPT DATE: B/19/BB
INTERIMREPORT TO NTP: None
SUPPLIER DATA:

Company: Not available
Company Lot No.: None
MRI Assigned Lot No.: MO519B8
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
ManufacturerSpecifications: Not available
Typical Lot Analysis= Not available
Actual Lot Analysis: Not available

Chemical Information
i i lm

Q MOLECULARFORMULA: GaAs
MOLECULARWEIGHT: 144.64
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EXECUTIVESUMMARY

This batch (BatchNo. 06) of chemical was identifiedas gallium
arsenide. The cumulative analyticaldata indicated a purity of greater than
98%. These conclusionsare based on the following information:

The elemental analysis resultsfor gallium agreed with theoretical
values; however, the results for arsenicwere slightly high. Elemental
analysis for carbon and hydrogen indicatedthat no organic impuritieswere
present. Spark source mass spectrometryindicated gallium and arsenic as the
major components,with no Impuritiesgreater than 100 ppm observed. All other
impuritiesdetected by spark source mass spectrometrytotaled less than
170 ppm.

Weight loss on drying indicated0.04 ± 0.01(s)% volatileso
Chelometrictitration indicated a purity of 99 % i(s)%.

This report also contains revisedbulk chemical protocols for the
toxicology laboratory. The protocolsof the titration procedurewere modified
by increasingthe pH to improve endpointdetection.

This report is revised to correct normalities in the revised
protocols for the titration of galliumarsenide.
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ANALYSIS OF REPROCUREDGALLIUM ARSENIDE AND REVISED BULK CHEMICAL PROTOCOLS

0
I. INTRODUCTION

The purpose of this work was to provide chemical support for
toxicity studies. This supportconsistedof chemical analyses of reprocured
material and revision of the bulk chemical protocols, as described in this
report.

II. CHEMICAL HANDLING
i i iii

Th_s sectiondescribesprocedures used to size, homogenize, and
store the material after receiptat MRI.

A. PARTICLE SIZE REDUCTIONi

The particle size of Batch No. 04 and Batch No. OS was reduced using
a ball mill followed by micronizing. The final particle size was determined
to be - i _m for Batch No. 04z and - 4 _m 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 reductionwas performedon Batch No. 06.

B. HOMOGENIZATION

Batch No. 06 of gallium arsenide was homogenizedby mixing Batch
No. 04 and Batch No. OB in double plastic bags, followed by manual kneading
and tumbling for approximatelyiS min.

C. STORAGE

After homogenization,- 5 k_ of gallium arsenide was repackaged into
seven amber glass bottles with Teflon -lined lids, and 32.6 kg was repackaged
into one double-plastic-linedlO-gal metal can. The seven amber glass bottles
were shipped immediately,and the 10-gal metal can was stored at _mbient
temperature(- 25°C).

MRI Standard Analysis New Report: Chemical Characterizationof Gallium
Arsenide (Lot No. M100386, Batch No. 04), MRI Task Designation: BS-IB49,

December ii, 1986. Q
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III. CHEMICAL CHARACTERIZATIONi i i i

4) 'This section contains the results of elementalanalysis,spark
sourcemass spectrometry,weight loss on drying, and titrationused to
evaluate the purity of the sampleof gallium arsenide.

A. APPEARANCE

Dark gray to black, finely powdered solld.

B. ELEMENTALANALYSIS
H, i i ii i i

Element Ga As C H

Theoretical% (T) 48.20 51.80 - -

Determined% (D) 48.09 52.78 0.04 < 0.05
48.09 52.75 0.05 < 0.05

52.37
53,1B

Difference from Theoretical -0,11 0.97 - -
(1)-T)

Relative agreement (%) 99.77 101.9 - -
(DIT)

• '
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C. SPARK SOURCE MASS SPECTROMETRY

[LEMENTALCONCENTRATIONSIN PARTS PER MILLION BY WEIGHTa 0

Element _ Element ppm Element _ Element

Uranium < 0.27 Terbium < 0.I Ruthenium < 0.1 Vanadium < 0.1

Thorium < 0.55 Gadolinium < 0.21 Molybdenum 9.1 Titanium < 0.1

Bismuth < 0.40 Europium < 0.12 Niobium _ 1.8(INT) Scandium < 0.1

Lead < 0.27 Samarium < 0.16 Zirconium 0.36 Calcium 3.7

Thallium < 0.1 Neod_n_ium < 0.34 Yttrium _ I.I(INT) Potassium 3.2

Mercury NRb Praseodymium_ 4.1(INT)e Strontium _ 0.72 Chlorine 0.63

Gold < 0.i Cerium < 0.I Rubidium < 0.1 Sulfur 1.4

Platinum < 0.1 Lanthanum < 0.1 Bromine < 0.39 Phosphorus < 0.52

Iridium < 0.i Barium < 0.15 Selenium < 0.16 Silicon 26

Osmium < 0.i Cesium < 0.1 Arsenic MaJ Aluminum 12

Rhenium ISc Iodine < 0.16 Germanium < 0.15 Magnesium < 2.7

Tungsten < 0.35 Tellurium < 0.I Gallium MaJ Sodium < IB

Ta:,talum Sd Antimony < 0.12 Zinc < 0.13 Fluorine O.6B

Hafnium < O.Bg Tin < 0.1 Copper 0.74 Oxygen NR

Lutetium < 0.I Indium IS Nickel 13 Nitrogen NR

Ytterbium < 0.45 Cadmium < 0.17 Cobalt 0.19 Carbon NR

Thulium < 0.i Silver < 0.1 Iron 31 Boron 0.54

Erbium < 0.34 Palladium < 0.1 Manganese ].9 Beryllium < 0.1

Holmium < 0.1 Rhodium < 0.1 Chromium 2B Lithium < 0.1

Dysprosium < 0.16

a When operated in the multielementmode, spark source mass spectrometryis
a semiquantita_ivemethod.

b NR = not reported.
c I_ = internalstandard.
d S = instrumentsource.

e INT = irr_e_er_c_,by a major cm_onen_. specZrum.
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D. WEIGHT LOSS ON DRYING
i i , mm, i ii. I

Method: Samples, dried to constant weight at 120°C (16.5 h)

Results: 0.04 ± 0.01(s)% (n - 3)

E. CHELOMETRICTITRATION

Procedure: Aliquots of a volumetric solutionof the sample in
50% aqueous nitric acid were buffered to pH 6.0, and 0.02 M EDTA
was added. The excess EDTA was titratedwith 0.02 M zinc sulfate

to a potentiometricendpOint. The titrationwas monitored with a
silver electrodeamalgamatedwith mercuryand filled with aqueous
saturated potassiumnitrate.

Result: 99 _ I(S)% (n 1 3)

F. SUMMARY AND DISCUSSION
, l l, _

The elementalanalysis 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 impuritieswere
present. Spark source mass spectrometry indicatedgallium and arsenic as the
major components,with no impuritiesgreater than 100 ppm observed. All other
impurities detected by spark source mass spectrometrytotaled less than
170 ppm.

loss on drying indicated0.04 ± O.Ol(s)% volatiles.'Weight

Chelometric titration indicateda purity of 99 ± i(s)%.

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

Batch No. 04_ Batch No. 06

Weight loss 0.02 t _.01(s)% 0.04 ± OoOl(s)%
on drying

Titration 98 ± l(s)% 99 ± l(s)%

G. CONCLUSION

This batch of chemical was identified as gallium arsenide. The
combined analytical dat.aindicat__da purity of greaterthan 9B%, which is
c:_:a_'B_le1:oth_ ob_ined for Batch No. 04.
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IV. REVISED PROTOCOLSFOR THE TOXICOLOGY LABORATORY
i i i l,,l i i

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

A. CHEMICAL HANDLING PROTOCOLS
i

Chemical handling protoco!_are described in the NTPHe_Ithand
SafetyPackageforGalliumArsenideand should be consulted for safety and
emergency procedures in handlingthis chemical, as well as pertinent chemical
properties.

DISCLAIMER

The informationcontained therein is based on data from
current 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 initialconfirmationof identity and purity, and for
subsequentanalyses of the bulk chemical during storage at the toxicology
laboratory.

I. RECEIPT OF BULK CHEMIC.AL 0

a. Removal and Storase of Reference Material

When the bulk chemical is received, remove 2-g portions for
each subsequentanalysis. Place each sample in an appropriately labeled glass
vial. Cover the samplewith an inert gas headspace. Seal tightly with a
Teflon®-linedscrew cap_ Store at -20°C. Use this material in subsequent
analyses,at intervalsspecifiedby the NTP, to replace the reference standard
initiallysupplied by MRI.

b. Bulk Chemical Storaqe

Store the bulk chemical at ambient temperature (- 25°C) under
an inert atmosphere _nd protected from light.

2. CONFIRMATIONOF IDENTITY AND PURITY OF BULK CHEMICAL

Determinewhether the bulk chemical received by the t_xicology
laboratory is identical:o that analyzed by MRI. Confirm the identity and
purity of the bulk chemical as soon after receipt as practical, using
elemental analysis and chelometrictitration (pp. 6-11). These analyses
r_quire the concomitantanalysis of a frozen reference standard supplied by
MRI (shippedunaer separate cover).

5
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Upon receipt, carefully inspectthe standard supplied by MRI and
store at -20°C prior to analysis. In case of damage to the standard,or if
the shippingcontainerdoes not contain dry ice, notify MRI.* Use this.stan-
dard only for confirmatoryidentityand purity analyses upon receipt of'the
bulk chemical. Subsequent purity analyses (p. 12) require the use of refer-
ence material removed by the toxicology laboratoryupon receipt of the bulk
chemical.

a. !dentity Confirmationby Elemental Analysis

The basis of this analysis is confirmationof the identity of
the bulk chemicalfrom the resultsof elemental analysis for gallium and
arsenic.

(I) Analyze duplicatesamples of the bulk chemical and
reference standar_ for gallium and arsenic.

These analyses may be performed by the toxicology labora-
tory or an independentlaboratory. If an independentlaboratorydoes the
analysis, it is the responsibilityof the toxicology laboratoryto verify the
quality assurancecompllan(e of that laboratory. However, the quality assur-
ance complianceof the following laboratoryhas already been verified by MRI:

Galbraith Laboratories,Inc.**
P.O. Box 4187
2323 Sycamore Drive

e Knoxville, TN 37921Phone: (615) 546-1335

(2) Compare the results of th_ elementalanalysis with
the theoreticalvalues as follows: gallium, 48.20%; arsenic, 51.80%.

b. Purity Analysis by ChelometricTitration

The basis of this analysis is the chelationof gallium with
ethylenediaminetetraaceticacid (EDTA). The sample is adjusted to pH 6.0, and
the excess EDTA is tittered with 0.02 M zinc sulfate to a potentiometrlc
endpoint. The titration is monitored with a combination silver electrode
amalgamatedwith mercury and filled with aqueous saturatedpotassium nitrate.

" Steven Graves

Send 0.5 g of each sample; approximately3 weeks re required to receive
results of :hese analyses.

6
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P

' (i) Prep.aratlonof Equ!p,'ilent

Note: All water used in this analysis should be deionized
urilessotherwisespecified.

(a) Glassware Cleaninq: Wash all glassware for this
analysis in the followingmanner. .........

CAUTION: Do not use dichromatecleaning solutions,
as indicator-blockingmetal contaminationmay result, even after rinsing.

(i) Wet all internalglassware surfaces with
I.i M nitric acid. (Caution: 1.i M nitric acid is corrosive; use appropriate
personal protection.)

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

(b) Water Test: Test deionizedwater source by the
followingmethod to ensure that the water does not contain interfering
substances.

(1) To - 50 ml.of water in a 150-mL Erlenmeyer
flask, pipet 0.5 ml.of pH 10 ammoniacal buffer [see step (Z)(d), on p. B] and
- lO mg of EriochromeBlack T indicator [see step (Z)(g),p. B].

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

(iii) If the color is not pure blue, add O.OZ M
EDTA solutiondropwise. If only one drop of 0.02 M EDTA is required to turn
the solutionpure blue, no sig_ificant interferenceshould be experienced in
the analysis.

,

(iv) If the addition of one drop of 0.02 M EDTA
does not change the red or Purple 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 becomesred, 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 b,lue, tl_enpipe: 2 mL of the pH I0 buffer into
the Erlenmeyerflask. If the color turns red a!:this poin:, the buffer
contains intolerableimpurities, and new buffer should be prepared using a
differentsource of water or buffer reagents.

0
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. (2) Preparationof Reaqents

(a) 0.02 M EDTA Solution: Accuratelyweigh approxi-
mately 7.6 g AtS grade disodlum'dihydrogenethyleneoiaminetetraaceticacid
dihydrate into a I-L volumetricFlask and dilute to volumewith water_ Mix
well to ensure complete dissolution,then transfer the solutionwith minimal
delay to a polyethylenebottle.

(b) 0.02 M Zinc Sulfate: Accuratelyweigh approxi-
mately 5.B g of ZnSOw-7H2Dintoa"_-L volumetric flask and dilute to volume
with water. Shake well to mix and transfer the solutionto a polyethylene
bottle.

(c) pH 6 Ammonium Acetate:AcetlcAcid Buffer: Weigh
approximately100 g of a_onium acetate into a 200-mL volumetricFlask, then
dissolveand dilute to volume with water. Shake well to mix. Transfer the
ammoniumacetate solutionto a polyethylenebottle and pipet 10 mL of glacial
acetic acid into the solution. Swirl the solution to mix.

(d) pH 10 Ammonium Nitrate:AmmoniumHYdroxi.de
Buffer: Weigh approximatelyI0,5 g of ammonium nitrate into a 100-mL volu-
metric flask. Add - $7 mL of concentrated ammonium hydroxideand dilute to
volume with water. Shake well to mix. Store in a polyethylenebottle.

(e) B 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.
m i i

(f) 170 N Nitric Acid: Place - 7B mL of water into
a 100-mL volumetric flask, then pipet 6.4 mL of concentratednitric 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
EriochromeBlack T and- i 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 Car_onate

Note: Titrate at least triplicatesa_ples.

(a) Titration

(i) Dry primary standardcalciumcarbonate for
3 h at 300oC.

(ii) Accurately weigh a_roximately 35 mg of
dried calcium carbonate into a 250-mL beaker. Pipet 6 mL of 1.0 N nitric acid
into the beaker to dissolvethe calcium carbonate. If calcium carbonate does
not completely dissolve,pipet an additional i mL of 1.0 N nitric acid.

I
B
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•' (iii) Add - 50 mL of water; then pipet 5 mL of
pH I0 buffer into the beaker. Determine the pH of the solution with pH
paper. If the pH is not 10, adjL'stwith concentratednitric acid or concen-
trated ammoniumhydroxideas requlred.

(iv) Monitor the titrationpotentiometrically
over the potentialrange 0 to +700 mV with a combinationsilver electrode*
amalgamatedwith mercury and filled with a saturated aqueouspotassium nitrate
solution. A 35-mg sample should require about 17 mL of titrant. Note: To
amalgamatethe electrode,the silver tip is cleaned so that it is s-'-hTnyand
then dipped into a small amount of elemental mercury. The excess mercury is
carefullywiped off prior to use.**

(v) Titrate at least duplicateblanks contain-
ing - 50 mL of water, the volume of 1.0 N nitric acid used to dissolve the
calciumcarbonate,and 5 mL o_ DH 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 no+ twice that observed for
the smallerblank, use zero for the blank value in the calculations.

(b) Calculations

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

Molarity - (A - W x LPB) x 100.09

where W - weight of CaCO_ (in rag),
LP - label purity of CaCO_ (e.g., 99.g% - 0.9g9),
A - volume of titrant required for CaCO3 (in mL), and
B : volume of titrant required for blank (in mL).

(ii) Calculate the averagemolarity and the
standarddeviationto four significantfigures. Calculatethe relative
standarddeviation (RSD, %) to two significant figures.

A suitableelectrode is availablefrom Brinkmann Ins_crumerrts,Co., Division
of S)d_ronCorporation_Cantiague Road, Wes:bur,j,NY 11590, Catalog No.
20 92 460-B, Model No. EA 246/6.0404.100. Elec'crodecables are sold
separately,and the catalog number is dependent on the type of instrument
to be used.

** _olutionsto be titrated must be free of materials which react with
mercury(II)or mercury(1) ions, such as cyanide, sulfide,bromioe, and
large amounts of chloride.

g
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.' (4) Standardizationof 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.

(ii) Titrate at least triplicate samples with
the 0.02 I_zinc sulfate, using the parametersand electrode system described
in Section IV.B.2.b.(3)(a)(iv),p. g. A 10-mL aliquot of the 0.02 M EDTA
should require about I0 mL of titrant.

(iii) 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 observed for the
smaller blank, use zero for the blank value in the calculations.

(b) Calculations

(i) Calculatethe molarity of the titrant to
four significantfigures, using the followingformula:

Ml " (M2 x V2)/(VL - B)

where Mz = molarity of the zinc sulfatesolution,

M2 = averagemolarity of the EDTA solution,
B = volume -_ zinc sulfate required for blank (in mL),
Vz = volum: u_ zinc sulfate requiredfor titration (in mL), and
V2 = volume of EDTA aliquot taken (in mL).

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

(5) Titration of GalliumArsenide

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

(a) Preparationof Sample Solutions

(i) Accuratelyweigh approximately150 to
200 mg of gallium arsenide into a SD-mL volumetric flask. Note: l-hesample
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 B N nitric acid. Extreme caution should be
taken when the nitric acid is aaaed to the Qallium arseniae as nltrousoxide
gases are releasem. Flush the evolvemgases from tne fl'_skwith a gentle
stream of nizrogen.

I0
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." (iii) Add - 20 mL more of 8 N nitric acid and
again flush the flask with nitrogen. Sonicate the flask for - 10 min to
ensuredissolution of the sample. Dilute to volume with 8 N nitric acid and
again flush the flask with nitrogen° if needed.

(b) Titration

(i) Pipet a 5-mL aliquot of each sample solu-
tion into individual250-mL beakers, then add - 20 mL of water and pipet 7 mL
of pH 6 buffer to each solution. Volumetricallypipet 20 mL of 0.02 M EDTA
into each flask and swirl to mix. With stirring,add concentratedammonium
hydroxidedropwise until the solution reaches a pH of 6.0 as measured by a pH
meter. (Note: Leave pH electrode in solutionto prevent sample loss.)

(ii) Titrate sampleswith the standardized
0.02 M zinc sulfate. Monitor the titration potentiometricallyover the
potentialrange 0 to +700 mV with the electrodesystem described in Section
IV.B.2.b.(3)(a)(iv),p. 9. A 20-mg sample (5-mL aliquot) should require
approximatelyii.5 mL of zinc sulfate titrant.

(iii) Titrate at least duplicate blanks con-
taining5 mL of B 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 required to adjust the initialpH to 6.0.

(c) Calculations

(i) Calculate the purity (%) of the bulk chemi- 0
cal and reference material to the tenths place using the following formula:

(B - A) x M x 144.64 x 100Purity (%)mm

W

where B - average volume of titrant requiredfor blanks (in mL),
A : volume of titrant required for sample (in mL),
M = average molarity of the zinc sulfatetitrant, and
W = weight of sam=le (mg present in 5-mL aliquot).

(ii) Calculatethe av_-r:gepurity (%) for both
the bulk chemical and the reference material to the tenths place. Also,
calculatethe relative stanoard deviation (RSD,%) for each average to two
significantfigures.

(iii) Calcula:ethe rela:ive I_urdty(%) of the
bulk c_ical (i.m_.,_"&he_uriZy of,the bulk r_.n_miczldivide._by the puri:y of
the r_ferenc,_._r_terial)z_ the tenz.nsplace.

0
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• 3. SUBSEQUENT ANALYSES

Determinewhether the purity of the bulk chemicalremains unchanged
during the toxicity study. Use referencematerial stored at -20°C (p. 5), in
place of the standard supplied by MRI, for comparisonto the stored bulk chem-
ical. For all subsequent analyses,remove a single vial of the reference
material from the freezer approximately4 h prior to analysis. Obtain a
sample of the storedbulk chemical. Analyze the two samplesconcomitantly so
that the two sets of test results can be directly compared.

Use the procedures and calculationscontained in Section IV,B.2.b
(pp. 6-11) to monitor the purity of the bulk chemical by chelometric titration
at intervalsspecified by the NTP during the toxicitystudy.

V. CONTRIBUTORS
ii

Personnelcontributingto the analysis of gallium arsenide were Kelly
Landes_Tom Pederson, Stan Tippin, and Dan Timons.
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Approved:

W. Arneson, Ph.D.
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BioOr=.anicC,hemistr_ De_ar'.me_t
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Purity Analyses Summary
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O Gallium Arsenide Purity Analyses Summary
Relative

Da_ Test Material Stat_ %Purity

06/08/88 BNW 12248-120-1' initial 99.9

10/06,10/88 BNW 12248-123-1 * ~4 months after initial 100.50

01/31/89 BNW 12248-123-1" ~ 8 months after initial 99.7

06/08/89 BNW 12248-123-1" ~ 12 months after receipt 102.6

•Lot No. M051988 Batch 06

O
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. . . BULK CHEMICAL ANALYSIS .

CC_PCX.._D Gallium Arsenide
CAS# 1303-00-0
BNW LOT# BNW12248-120
SUPPLIER LOT# M051988
RECEIPTDATE 5-20-88
APPEARANCE Finely Powdered, Dk Gray Solid
STORAGETEMPERATURE ' Ambient
ANALYSIS PERIOD Initial
ANALYSISPROCEDURE Method Provided by MRI, Dec 11,1986
SAMPLE ANALYSISDATE 6-8-88
REFERENCESAMPLE BNW12248-118-1
NOTEBOOKREFERENCE BNW12248-125

IDENTITY
Elemental analysis was performed by Galbraith Laboratories, Inc,, Knoxville, TN

_ercen'tGallium Arsenide

Reference Material 48.50 50.45 98.95
48.55 50.44 98,99

Bulk Material 48.45 51.66 100,11
48.76 51.68 100,44

Theoreticalyield reportedby MRI; Ga,48.20%and As, 51.80%

ASSAY

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

Instrument: Fisher ACC UMET 825 MP

RESULTS Relative % Purity

99.9

Bulk % purity relative to a reference material received from MRI

CONCLUSION
Elemental analysis confirms the identib, of Icr BNW 12248-120-1.
Chelometric titrations snow this lot to be 99.9% pure compared to a supplied
reference material.

Signature of Technician .,._P.4_\,_._.,... ,_,,._,.._,._,,.Q_ , Date ? \,
b o I

Signature of Chemist ,.,__'/__ ,_/-_,._(c.zJ Date ,,tO.._//,..39.,#
" Y' /-¢ b,' '
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BULK CHEMICAL REANALYSIS

COMR3LND GALLIUMARSENIDE/

CAS# 1303-00-0

LOT# BNW12248-123-1(VendorLot No. M051988MRI Batch 06)
DATELOTRECEIVED 6-3-88
APPEARANCE Darkgray/blackcrystallinepowder
ANALYSISPERIOD 4 montl_safter inlttal
STORAGETEMPERATURE ~ 25 °C
SAMPLE.ANALYSISDATE 10/6,10/88
ANALYSISPROCEDURE _B-AC.3A1R-130
REFERENCESAMPLE. BNW12248-10-1#11
NOT_ REFE_ BNW12.248-148

0

ASSAY: Chelometrictitrationwith EDTA monitoredto a potentlometrlcendpolntwith a
combinationsilverelectrodethatwasamalgamatedwithmercurywasusedto
determinethepurityof galliumarsenidebulk materialrelativeto a reference
standard.

Instrument:FisherACCUMET825 MP

RESULTS: Average Standard Relative
% Purt_ j_ % Purity

Bulk Material 102.70 0.50 O
(BNW12248-123-1)

100.50
ReferenceMaterial 'I02.19 0.71
(BNW 12248-10-1#11)

CONCLUSION:Cheiometrictitration showsBNW 12248-123-1(VendorLot No. M051988MRI
Batch06) to be 100.50%pure relative to a frozen referencestandard.

SlgnatureofTechnictan _,_.,,.,_',_ C',2 b,,-,_ Date ,,_\_/,_

Signature of Chemist_ ./") _//___.)_...;J2 Date i I / _/0-0_

2 •
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BULK CHE,_flCALREANALYSiS

COMPOU_ : GALLIUM ARSENIDE

CAS# : 1303-00-0

LOT#: Bh_12248-123-1 (Vendor Lot No.MO51988 MKI Batch 06)

DATE RECEIVED : 6-3-88

APPEARANCE: Dark gray/black crystalline powder
STORAGE TEMPERATURE: -!5. C

ANA/,YSIS PERIOD: -8 months after receipt
ANALYSIS DATE: 1/31/89

ANALYSIS METHOD : ZB-AC-3AIR-00

REFERENCE SAMPLE: Bh_412376-3-I

NOTEBOOK REFERENCE : Bh'@12376-25

ASSAY: Chelometric titration with EDTA monitored to a potentiometric

endpoint with a combination silver electrode amalgamated with

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

: Instrument: Fisher ACCUMET 825 MP

RESULTS : Sample Average St anda rd Relative

_ _ % Purity .....

Reference Material

(BNWI2376-3.-1) i00.7 1.7

Bulk Material

(BNWI2248-123-I) 100.4 0.6 99.7

CONCLUSION: Chelomet,ic titration shows BNWI2248-123-1 (Vendor Lot No. MO51988

MRI Batch 06) to be 99.7% pure relative to a frozen reference standard.

A.51



BULK CHEMICAL REANALYSIS

COMPOUND : C_LLIUM ARSENIDE

CAS# : 1303-00-0

LOT#: BNW12248-123-1 (Vendor Lot No.MOS1988 MRI Batch 06)
DATE RECEIVED: 6-3-88

APPEARANCE: Dark gray/black crystalline powder
STORAGE TEMPERATURE: -20 ° C

ANALYSIS PERIOD: -12 months after receipt
ANALYSIS DATE: 6/8/89

ANALYSIS METHOD : ZB-AC-3AIR-Z1

REFERENCE SAMPLE : BNW1237 6-3-5

NOTEBOOK REFERENCE: BNW1237 6-148

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

_ _ % vu=itv

Reference Material

(BNWI2376-3-5) 96.5 1.5

Bulk Material

(BNWI2248-123-1) 99.0 I. 4 102.6

CONCLUSION: Chelometric titration shows BNW12248-123-1 (Vendor Lot No. MO51988

MRI Batch 06) to be 102.6% pure relative to a frozen reference
standard.
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Z. BULK CHEMICAL

A. Test Material Receipt, Storage and Usage

I. Reaelpt

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 NO. 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. NOI-ES-65166)..

Several lots of gallium arisenide were rejected prior to accepting the lot of
test material used for thii_ study. Lots were rejected on the basis of

inappropriate particle size or estimated needs for the repeated dose and
subchronic studies. The present lot is 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 ihandling procedures are addressed in the BNW
Biohazards Protocol (ZB-HS-3S21). The bulk chemical was stored in Room 315 of

the LSL-II building. In 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 tile 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.

O 3. Usage

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 Procedures

Gallium arsenide test mat_rial was transferred to the exposure generation

system in the exposure 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 protective
clothing as designated by the BNW Biohazards Protocol (ZB-HS-3S21).

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. NOI-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 MRI 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 i00 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 ± 1%.

B. Stability Studies at Midwest Research Institute

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 Battelle Pacific Northwest Laboratories

The MRI recommended procedure based on the December 11, 1986 MRI report was

implemented as BNW SOP _B-AC-3AIM. 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

.,
K. H. Stoney, Techn_Ical Specialist Date
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Test Chemical. Concentration Monitoring
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I. Test Article Concentration Monitoring

A. Monitoring System Description

Monitoring of gallium arsenide aerosol was accomplished with RAM-I 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 _hm diameter size range.

A schematic of the chamber concentration monitoring system is shown in

Figure A.I. 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-I monitors was automatically read and recorded by an

automated 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 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 i0.0, 37.0, and 75.0 mg/m 3. At the beginning of the study, two

additional chambers were maintained at concentrations of 0.i and 1.0 mg/m 3 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/m 3 exposure concentration, the exposure concentration range for

male mice was changed to 1.0, I0.0, and 3'7.0 mg/m 3 when male mice began

exposure 12 days after the start of the study. Thus, exposure chambers were

maintained at concentrations of 0.I, 1.0, I0.0, 37.0, and 75.0 mg/m 3, but the

0.I mg/m 3 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

5100Z Graphite Furnace Atomic Absorption Spectrophotometer with Zeeman effect
back_u_,d co_ection Inst_Lent and fu_,_ce cundiLiu,_ w_r_ _imiia= to

those recommended by the instrument manufacturer. Calibration of the GFAAS

was perfomned by analysis of four calibration standards in the range from zero
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to 250 _g/liter of gallium. Standards were prepared by serial dilution of

commercial spectrometric standards. All samples and standards were analyzed

in duplicate, A check standard of I00 _g/liter gallium (prepared from an NBS

spectrometric standard) was analyzed immediately after calibration and after

every 5 samples. If the measured concentration of the check standard was not

within ±i0% of the known value, the instrument was recalibrated before further

analyses were performed.

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/m 3. 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.

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

chambe_ 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.

Prior to the start of each exposure, th_ presence of a proper zero reading was

verified for each sampling port for each RAM. Assurance of proper operation

of the RAM-I 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

i. Specificity

The RAM-I 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 subchronic
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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 3 for RAM#l, RAM#2 and RAM#3, respectively. From these data, the

MDL was calculated to be 0.020, 0.013, and 0.006 mg/m 3 for RAM#l, 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 i0 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 3 for RAM#l, 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.i and 1.0 mg/m 3
chambers. During this generation period, several readings at each lower

O concentration were obtained using RAM#3. Grab samples were obtained andanalyzed at concentrations of approximately 0.8, 0.08, 0.04 and 0.01 mg/m 3 .
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 I0 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 readinas
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 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.

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 grabsamples 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 _m) and the Millipore Type AA filter (0.8

_Lm). The best collection efficiency was found with the Gelman A/E glass fiber
filters.

II. Monitoring for Gallium Arsenide 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 i
exhaust samples was less than the minimum detection limit for GFAAS (2 _g/l) .

Consequently, the upper limit for the gallium arsenide concentration in the

building exhaust was found to be less than 1.6 x 10-3 mg/m 3.

III. Contributors

K. _ Ston_l Specialist Date

R. E. Hauber, Chemistry Technician Date

J_. Dill, Sr. Research Scientist Date
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monitor the 37 mg/m 3 cha_er and 75 mg/m 3 cha_ers.
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FIGURE A.3. Example Calibration Curve for RAM #2. This RAM is used to

monitor the I0 mg/m 3 chamber and 37 mg/m 3 (for calibration

purposes only) chambers. (Concentration = 8.12' Volts-0.281 *

(Volts) 2 and Correlation Coefficient = 0.97)



. I.4 j

1.2

o_ 1.0 .

"_ 0.8

•_ 0.6

0.4

u 0.2

_ -0.0
0 1 2 3 4

O RAM Voltage

FIGURE A.4. Example Calibration Curve for RAM #3. This RAM is used to monitor

the 0.I mg/m 3 chamber (for calibration purposes only) and 1 mg/m 3
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 stability 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

details 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 is 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 i00 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 I-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 spectroscopy (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 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
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phases of i-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 generation 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

subchronlo 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 relative amounts of these

phases in the material were smaller than the detection limits for conventional

x-ray diffraction analysis (i-2% by volume). XRD analyses were repeated
during the developmental toxicity study as de&cribed 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 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 quits
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 W
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. 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.

I I . Experimental and Results

A . Test 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 i0 and 75 mg/m 3 chambers, and from

the aerosol distribution line during a 6 hour test generation period. Filter

samples were obtained using a flow sampler to collect gallium 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 i0 mg/m 3

chamber, the 75 mg/m 3 chamber, and the distribution line, respectively

(assuming the concentration of gallium arsenide in the distribution line is

225 mg/m3) . Samples from the generator reservoir (brush feed hopper) were W
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collected at the beg_.nning 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 vacuum

grease. Generator reservoir and bulk chemical samples (gallium arsenide

powder) were placed on a glass slide with vacuum grease. Glass slide
substrates were selected to minimize background interferences.

Analyses were conducted on a Phillips 3600 diffraction unit using copper K_

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 28. Phase identification was accomplished

by reference to files from International Centre for Diffraction Data

(ICDD/JCPDS) files. An example of the gallium arsenide x-ray diffraction

pattern from the distribution line is shown in Figure A.5.

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 o%her than gallium arsenide was observed in any of the samples. No

evidence of any oxidized phases such as Ga203 and As203 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.

B. Analysis for Metallic Impurities using X-Ray Fluorescence

O Spectroscopy

Samples were collected and analyzed by energy dispersive x-ray fluorescence

(XP,F) spectroscopy. Samples were collected from the unoccupied 10 and 75

mg/m 3 chambers, and from the aerosol distribution line during a 6 hour test

generation period. 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 rag, 1.24 rag, and 0.83 mg of

gallium arsenide were collected from the i0 mg/m 3 chamber, the 75 mg/m 3

cha_er, and the distribution line, respectively (assuming the concentration

of gallium arsenide in the distribution line is 225 mg/m3). Samples of from

the generator reservoir (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 excitation was accomplished using

bremsstrahlung radiation from a tungsten x-ray tube to excite secondary

radiation sources of titanium, zirconium, silver, and americium. Secondary
source irradiations were used to excite the samples. Analyses were conducted

using a KEVEX 0810 XRF unit, and a Canberra Series 80 multichannel analyzer.
Analyses for Ga, As, Fe, Cu, Zn, Ct, Ni, Mn, W and Mo are reported in Table

A.I. The values reported in Table A.I are corrected for the small amounts of
the elements of interest in the filter material.

In addition to those values reported in Table A.I, minor amounts of potassium,
calcium, strontium, and silicon were detected. These elements were observed

O 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, calcium and silicon may also

result from contamination of the chamber samples by ambient 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 gallium 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 oxides. Analyses by
x-ray fluorescence spectroscopy indicated that the overall extent of o_idation

is 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

material and were present at concentrations that were <1% by weight. Test

chemical stability and purity were considered acceptable for the study.

IV. Contributors

_. I. Dill, Sr. 'Research Scientist Date

0
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. Results of Analyses for Impuuity Metals by X-Ray Fluorescence

Spectroscopy

_elative Concentration. _W_ight %)

Elemen t.........i0 mq/m 3 Chamber 75 mq/m 3 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 <0.018

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 IBe_inning) Generator IEndl 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 <0.005 <0.003

W <0.029 <0.034 <0,026
, ,,

I I III I I i I_l i ............. iii i ii

Theoretical values 48.2% Ga, 51.8% As
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FIGURE A.5. Example of X-ray Diffraction Pattern Obtained on Gallium

Arsenide Sample from the Distribution Line. Plot is relative

intensity (y-axis) vs degrees 20. Lower portion is ICDD/JCPDS

reference pattern for gallium arsenide.
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O I. Chemistry Distribution: Experimental Methods and Results

A. Sample Preparation and Analysis

Weighed tissue samples ranging from approximately 0.I 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 II0-130°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% HNOs. If necessary, subsequent dilutions were performed to

produce a final gallium or arsenic concentration in the range from

approximately I0 to 160 _g/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.I 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

O analysis of each sample. Arsenic was determined using a nickel nitrate matrixmodifier containing approximately 16 g/l of nickel nitrate hexahydrate. Ten

bl of nickel nitrate matrix modifier was added to the graphite furnace

concurrently with 25 bl 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 bl of matrix

modifier was added to the graphite furnace concurrently with 15 bl 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 I0, 40, i00, and 160 _g/l each of Ga and As in

~2% nitric acid solution. A check standard containing i00 _g/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 zinc in rat and

mouse testes, samples were digested as described above and diluted to give

final solutions that contained ~1% KCI and ~2% HNO 3 with a zinc concentration

in the range from approximately 0.i to 0.9 mg/l. The spectrophotometer was

calibrated using standards of 0.15, 0.30, 0.45, 0.60, 0.75, and 0 90 mg/l
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2_L__. Furnace Heating Program for Graphite Furnace Atomic .Absorption

Spectrophotometer for Analysis of Gallium in Tissue Samples.

,, ,,, . , ,,,,, ,,

Step Temperature Ramp Time Hold Time Internal Flow a

(°C) (s) , (s) (ml/min)
1_ 150 20 40 300

2 700 i0 20 I00

4 2200 0 5 0b

5 2600 1 5 300

6 2O 1 5 3O0, ,, - _

aFIow rate of internal argon purge (ml/min) .

bAtomic absorption measured during this step.

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 a

(°C) (s) (s) (ml/min)
1 150 20 50 300

2 1500 30 15 i00

4 2200 0 6 0b

5 2600 1 5 300

6 20 1 5 300

aFlow rate of internal argon purge (ml/min) .

bAtomic absorption measured during this step.

2/_/_L__. 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 (_i> 15

Modifier Volume (_i) I0
Matrix Modifier Digested Blank Tissue Sample

Calibration Standards 0, I0, 40, i00, 160 _g Ga/liter

Calibration Type Non-linear



O 2_. Instrument Conditions for Graphite Furnace Atomic AbsorptionSpectrophotometer 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 'rime (s) 1

Integration Time (s) 6

Measurement Type Peak Area

Number of Replicates 2

Standard/Sample Volume (bl) 25

Modifier Volume (_i) i0
Matrix Modifier 16 g/liter Nickel Nitrate.6H20

Calibration Standards 0, i0, 40, i00, 160 _g As/liter

Calibration Type Non-linear

____. Instrument Conditions for Flame Atomic Absorption

Q 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 (s) I0

Background Correction (Type) Deuterium Arc Continuum

Integration Time (s) 5

Measurement Type Integrated Absorbance
Matrix Modifier 1% KCI

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



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

analyzed after every fifth sample, and the instrument was recalibrated if

analysis of this check standard was in error by more than ±10%.

B. Method Performance Evaluations

i. 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 obtained from test animals.

The concentration range for recovery studies was established by
preliminary analysis of actual tissue samples from the study. These limited

analyses 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,

0,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.I 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, except

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 _g/g and
testes from both rats and mice contained zinc at concentrations of

approximately 11-15 _g/g_ In 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 _u element x 100%

spiked _g element

In this equation, measured _g element is the measured total _g of gallium or

arsenic (measured concentration x total volume) in the spiked tissue samples
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which contained no measurable endogenous amounts of gallium or arsenic. In

the above equation for percent recovery, spiked _g element is the total _g 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 _q/g _h_/nent - endogenous _q/g element x 100%

spiked _g/g element

In this equation, measured _g/g element and spiked _g/g element are the

measured and spiked amounts of the elements of interest and endogenous _g/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 notaLle 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 _g/g.

However, when gallium and arsenic concentrations in blood were lower than

approximately 1 _g/g recoveries were very low and precision was poor. As

shown in Table B.II, 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 (_g/l) . From these data,

the solution detection limit was calculated as the average blank concentration

plus three times the standard deviation of the average blank concentration

(_g/l) . The MDL for tissue analyses was then calculated by multiplying the

solution concentration detection limit (_g/l) by the minimum sample solution

volume (liters). The result is expressed in units of _g 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 (_g/l) . From these data, the solution quantitation limit

was calculated as the blank concentration plus i0 times the standard deviation

of the blank concentration (_g/l). The MQL for tissue analyses was calculated

O by multiplying quantitation (_g/l) by sample
the solution limit the minimum
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2_, Recovery of Gallium from Spiked Samples of Whole Blood a,

Spiked Amount

Date Replicate (_g) % Recovery ± SD
8/31/89 3 0,i 36 ± 8

8/31/89 2 0.25 69 ± 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.I

8/28/89 3 5 0 104 ± 5

8/2/89 3 5 0 ii0 ± 5

8/2/89 3 i0 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

Averageb: I00 ± 8b,

aAll spiked samples consisted of approximately 1 g whole rat blood.

bAverage calculated only for samples containing spikes that were greater than

or equal to 1 _g/g.

_. Recovery of Arsenic from Spiked Samples of Whole Blood a.

m

Spiked Amount ..... i

Date Replicate (_g) % Recovery ± SD

8/31/89 2 1 0 115 ± 7

9/6/89 2 1 0 23 ± I0

8/2/89 3 5 0 143 ± 12

8/28/89 2 5 0 109 ± 20

8/2/89 3 I0 0 97 ± 5

8/2/89 3 20 0 97 ± 3

8/2/89 3 40 0 ii0 ± 2
i

8/28/89 2 40 0 95 ± 2

8/31/89 2 I00 0 105 ± 2

8/31/89 2 200 0 107 ± 2

9/6/89 2 200 0 107 ± 3

Averageb: 107 ± 16

aAll spiked samples consisted of approximately 1 gram whole rat blood.

bAverage calculated only for samples containing spikes that were greater than

1 _g/g.

O
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_k_l___, Recovery of Gallium from Spiked Samples of Rat Fetal Tissue a and

Pregnant Female Uterine Contentsb°

..... Spik'gdAmount......
Date Replicate _ (_g) % Kecovery ± SD

i0/5/89 b 3 1,0 105 ± 5

8/2/89 a 2 5.0 104 ± 2

10/5/895 3 I0.0 103 ± I

Average: 104 ± 3 .......

aspiked samples consisted of approximately 0.1 gram _at fetal tissue,

bSpiked samples consisted of approximately 1-2 grams of homogenized female
uterine contents,

T____. Recovery of Arsenic from Spiked Samples of Rat Fetal Tissue a and

Pregnant Female Uterine Contents b.

Spiked Amount

Date Replicate (_g) % Recovery ± SD

10/5/895 3 1,0 105 ± 4

8/2/89 a 2 5,0 I00 ± 3

i0/5/89 b 3 i0.0 89 ± 1

Average: 98 ± 8

aSpiked samples consisted of approximately 0,i rat fetal tissue,

5Spiked samples consisted of approximately 1-2 grams of homogenized female
uterine contents.

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

Spiked Amount

Date Replicate (_g) % Recovery ± SD

10/18/89 2 0.5 103 ± 5

10/18/89 2 1.0 i01 ± 3

9/21/89 3 1.0 113 ± 2

9/21/89 3 i0,0 Iii ± 2

Average: 107 ± 6

aSpiked samples consisted of approximately 0.5 - 1.0 gram of homogenized rat
testes.
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_ABLE B.II, Recovery of Arsenic from Spiked Samples of Rat Testes a,

4l ' ' '

Spiked Amount

Date Replicate (_.g) % Recover_ ± SD

'10/i8/89 2 0,5 82 :t: 4
10/18/89 2 1.0 78 ± 4

9/21/89 3 1,0 82 ± 4

9/21/89 3 i0,0 88 ± 2

. Averaqe: 83 ± 4 ....

aspiked 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 a,

Spiked Amount

Date Replicate (_g) % Recovery,,.,,±SD ....

8/9/89 3 30,0 106 ± 2

8/11/89 3 30.0 107 _ 6

Average: 106 ± 5 _--.

aspiked samples consisted of approximately 1,5 grams rat testis or rat testes

homogenate.

2_/_, Minimum Detectable Limits (MDL) for Gallium, Arsenic and Zinc.

i l i i i i

Tissue Type MDL Ga MDL As MDL Zn

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/Test@s 0.I0 0.15 0.25

aZinc was only measured in testes.



solution 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 gallium and
arsenic 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.18 are not corrected for

endogenous amounts present in control animals. As discussed above, gallium
and arsenic determinations in whole blood with concentrations less than

1 _g/g, as well as arsenic determinations in testes at all concentrations,

showed low recoveries. Data in Tables B.15 through B.18 are not corracted for
low recoveries of these elements.

Values reported in Table B.15 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.A./Dillr Sr. Research scientist ' Dite
/
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TABLE B.14. Minimum Quantifiable Limits for Gallium, Arsenic and Zinc.

--- L-- " ..... , ii i llll i i --: J ii __

Tissue Type MQL Ga MQL As MQL Zn

........... .....
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 __a

Rat/Uterine Contents 1,22 1.48 __a

Rat and Mouse/Tsste s 0.29 ............ 0,45 ...... 0.97

azinc 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 Weiqht (g) _Lq/g Ga a _Lq/g As a
1091 Control 0 0 959 <0 05 II 0

1098 Control 0 1 282 <0 05 ii 5

1089 Control 0 0 978 <0 05 12 5

1085 i0 mg/m 3 0 1 140 (0 08) 27 3

1087 I0 mg/m 3 0 1 009 (0 ii) 30 3

1081 i0 mg/m 3 0 1 057 (0 14) 35 9

mg/m 3 0 0,872 0,52 91,7 i1079 37

1080 37 mg/m 3 0 0.930 0,66 90.5

1084 37 mg/m 3 0 0,878 0172 80,9

1086 75 mg/nt3 0 0.866 0,91 115,0

1090 75 mg/m 3 0 1,006 1,16 137,7
1092 75 mg/m 3 0 0,970 1,45 145,4

1097 75 m_/m 3 Q 0.963 .... 0096 106,9 .

aValues 'reported as "less than" (<) were less than the MDL indl.cated. Values in parentheses

are greater than MDL but less than MQL (0,15 _g Ga),

®
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TABLE B.16. _ Results of Gallium and Arsenic Determinations in Whole Blood

from Female Rats.

Exposure Time Point Sample

Sample ID Dose Group (d_) .... Weight (q) _q/g Gaa _g/g Asa .
390 Control 7 1032 <0.06 10.5

/

439 Control* 7 0.950 <0.06 11.9

404 Control 7 0.987 <0.06 10.9

-; 414 I0 mg/m 3 7 0.972 <0.06 13.8

385 I0 mg/m 3 7 0.992 <0.06 16.4

452 I0 mg/m 3 7 1.269 <0.06 13.1
365 37 mg/m 3 7 0.996 (0.II) 30.4

408 37 mg/m 3 '7 0.998 (0.I0) 26.9

485 37 mg/m 3 7 0.947 (0.16) 26.9

, 383 75 mg/m 3 7 1.006 0.26 44.6

386 75 mg/m 3 7 0.961 0.27 41.9

q 406 75 mg/m 3 7 1.040 0.29 37.8489 Control 14 0,933 <0.06 9.8_

= 455 Control 14 1.051 <0.06 8.8

_68 Cont_'ol 14 0.975 <0.06 10.3

479 I0 mg/m 3 14 0.973 (0.07) 30.5

- 566 i0 mg/m 3 14 0.988 (0.ii) 39.6

= 453 i0 mg/m 3 14 1.010 (0.12) 20.0

- 669 37 mg/m 3 14 0.990 0.40 79.7

= 636 37 mg/m 3 14 0.997 0.42 73.8

O 613 37 mg/m 3 14 0.977 0.51 77.5409 75 mg/m 3 14 0.979 0.52 115.7

449 75 mg/m 3 14 0.982 0.56 116.5

567 75 mg/m 3 14 1.022 0.44 111.8
'704 Control 20 0.972 <0.06 11.5
688 Control 20 0.93? <0.06 9.6

730 Control 20 0. 930 <0.06 7.1

611 i0 mg/m 3 20 1.018 (0.06) 49.0

664 I0 mg/m 3 20 0.981 (0.07) 50.'7

665 i0 mg/m 3 20 1.000 0.28 60.1

600 37 mg/m 3 20 1.010 0.41 91.0

681 37 mg/m 3 20 0.962 0.53 75.4

690 37 mg/m 3 20 0.983 0.38 41.4

! 595 75 mg/m 3 20 0.972 9,46 162.8

- 622 75 mg/m 3 20 0.959 0.59 164.7

" 675 75 m_/m 3 20 1.014 0.52 170.5

av lues reported as "less than" (<) were less than the MDL indicated Values

in parentheses are greater _nan MDL but less than MQL (0,20 _g Ga).

1t
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i
TABLE B.17. Results of Gallium and Arsenic Determinations on U_:,_:ine !

Contents of Female Rats.

Exposure Time Point Sample

Sample ID Group (d_! Weight (g) _Ig/g Ga a _g/g Asa
390 Control 7b 0. 038 <0.43 <0.47

439 Control 7 0. ii0 <0.43 <0.47

404 Control 7 0. 054 <0.43 <0.47

414 i0 mg/m 3 7 0.133 <0.43 <0.47

385 i0 mg/m z 7 0.070 <0.43 <0.47

365 37 mg/m 3 7 0.031 <0.43 <0.47

408 37 mg/m 3 7 0.135 <0.43 <0.47

485 37 mg/m 3 7 0.079 <0.43 <0.47

383 75 mg/m 3 7 0.144 <0.43 <0.47

386 75 mg/m 3 7 0.090 <0.43 <0.47

406 75 mg/m 3 7 0.054 <0.43 <0.47
489 Control 145 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 i0 mg/m 3 14 3.521 <0.43 <0.47

568 i0 mg/m 3 14 2. 445 (0.20) <0.47

453 I0 mg/m 3 14 2.845 0.19 <0.47

669 37 mg/m 3 14 2.482 0.62 <0.47

636 37 mg/m 3 14 3. 924 0.55 (0.26)

613 37 mg/m 3 14 2.674 0.62 (0.19)

409 75 mg/m 3 14 2.895 1.05 (0.35)
449 75 mg/m 3 14 2. 621 0,55 (0.26)

567 75 mg/m 3 14 2.223 0.52 (0.Ii)
704 Control 20 c 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 I0 mg/m 3 20 2.003 (0.46) (0.36)

664 I0 mg/m 3 20 2.205 <0.43 (0.35)

680 37 mg/m 3 20 2.108 1.14 2.52

681 37 mg/m 3 20 1.948 0.95 1.27

690 37 mg/m 3 20 1.799 1.03 1.04

595 75 mg/m 3 20 2.170 1.16 2.70

622 75 mg/m 3 20 1.810 1.20 1.92

675 75 m_/m 3 20 2.204 1.08 1.86

aValues reported as "less than" (<) were less than the MDL indi=ated. Values

in parentheses are g_'eater than MDL but less than MQL (MQL for Ga is 1.22 _ig
and MQL for As is 1.48 _g) .

bSamples from the 7- and 14-dg time points were uterine contents.

CSamples from the 20,dg time point were homogenized fetal tissue.
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O 2_3D/_18. Results of Zinc, Gallium and Arsenic Determinations in Rat andMouse Testes a.

Sample

Sample lD Dose Group Weight (q) _g/_ Zn _g/_ Ga b _/g As b

Mice:
1008 Control 0.124 14 5 <0 i0 <0 15

1014 Control 0.146 ii 8 <0 I0 <0 15

1015 Control 0.130 15 4 <0 i0 <0 15

1004 1 mg/m 3 0 160 ].4 5 <0 i0 <0 15

1006 1 mg/m 3 0 170 ii 6 <0 i0 <0 15

1021 1 mgYm 3 0 148 12 7 <0 i0 <0 15

1009 i0 mg/m 3 0 150 15 4 <0.i0 <0 15

i010 I0 mg/m 3 0 157 i0 4 <0.i0 <0 15

1037 i0 mg/m 3 0 119 12 0 <0.i0 <0 15

1002 37 mg/m 3 0 163 13 2 0.88 <0 15

]022 37 mg/m 3 0 155 14.2 <0.I0 <0 15

1012 37 mg/m 3 0 158 __c __c __c

Rats:

1091 Control 1 784 12 9 <0 i0 <0 15

1098 Control 1 710 13 2 <0 i0 <0 15

1112 Control 1 470 I0 9 <0 10 <0 15

1085 i0 mg/m 3 1 645 12 9 0 18 (0 173

1087 i0 mq/m 3 1 638 12 5 0 26 (0 173

O 1094 i0 mg/m 3 1 695 12 5 0 28 (0 22)
1079 37 mg/m 3 1 551 14 3 0 86 0 43

1080 37 mg/m 3 1 785 12 6 1 i0 0 59

1084 37 mg/m 3 1 523 12 2 1 ii 0 67

1090 75 mg/m 3 1 910 13 1 1 89 0 73

1092 75 mg/m _ 1 672 ii 9 1 90 1 06

, 1097 75 mq/m 3 1 697 12 3 1 31 0 68

aAll samples were taken in_ediately after exposure ended.

_Vaiues reporued as "less than" (<) were less than the MDL of " i0 _g Ga and

0.15 _g As. Values in parenthesis are greater than MDL but iess than the MQL

of 0.29 _g Ga and 0.45 _g As.

CSample was lost during preparation. No data available.
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Summation Equations



_TION EOUATIONS

11

Mean: _=in Xi

i=l ,
/

/

, '/,

StanaardDe_4auor,:"/ ....

Xi 2 - X

S- i=l , i=l

n-1

where:

X i = individual reading of concentration, temperaam: or
relative humidity

n = number of individual readings

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

O K ..,

(nj)(Xi)

M_: _= j=l
K

5-" 11j

j=l

Standard Deviation:

(nj- I) (S ) i

S= j=l
, , ,,-,,

K

Z nj- 1

j=l

where:

n . = number of daily readingsJ

Xj = daily mean
J ,d_

S j = dmiy sa,andardd_viafio_,

K = number of days included in summations
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Dally Summation For Ga111um Arsenide - IRT (Ratsl From 29 Jul 1989 throuqh 16 Auq 1989
Summary Data for: GaAs - Room /Concentratlon Range-O.OOE+O to 1.30E-2

Date Mean Std Oev Maximum Minimum N N in _ N in

29 Jul 1989 7,18E-03 2,345E-03 1,05E-02 2,71E-03 9 9 I00 0%

30 Ju] 1989 1,94E-02 1,825E-02 6.89E-02 I 41E-03 13 5 38 5%

31Jul 1989 2,39E-02 4,836E-03 3,34E-02 I 46E-02 11 0 0 0%

I Aug 1989 2 73E-02 4,556E-03 3,68E-02 2 DSE-02 11 0 0 0%

2 Aug 1989 2 BBE-02 8,B18E-03 3,82E-02 I B4E-02 14 0 0 0%

3 Aug 1989 2 06E-02 8,873E-03 5.61E-02 1 35E-02 33 0 O 0%

4 Aug 1989 3 18E-02 2.B07E-02 1,27E-01 i 69E-02 16 0 0 0%

5 Aug 1989 2 79E-02 6,894E-03 4.99E-02 2 09E-02 14 0 O 0%

B Aug 1989 3 90E-02 2,999E-02 1,28E-01 I B7E-02 IB 0 0 0%

7 Aug 1989 2 30E-02 7 049E-03 3,88E-02 i 48E-02 18 0 0 0%

8 Aug 1989 3 ZaE-02 B 631E-03 3,94E-02 i 87E-.02 13 0 0 0%

9 Aug 1989 2 28E-02 8 171E-03 4,55E-02 1 59E-02 34 0 O 0%

i0 Aug 1989 2 85E-02 4 559E-03 3.23E-02 1 70E-02 13 0 O 0%

11 Aug 1989 3 22E-02 6 284E-03 4.09E-02 2 07E-02 11 0 0 0%

12 Aug 1989 2 98E-02 5 128E-03 3.82E-02 2 12E-02 12 0 0 0%

13 Aug 1989 3 87E-02 8 B85E-03 5,81E-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 O 0%

15 Aug 1989 3 81E-02 B 855E-03 4,85E-02 2 68E-02 12 0 0 0%

!8 Auq 1989 6 05E-02 4 933_-0_ 1.80E'OI _.72E-02 i_ 0 0,0%

Summary 2 88E-OZ I 790E-02 1,80E-01 1.41E-03 287 14 4,9%



Dai,lw,SummationFor GalliumArsenide- IRT (Rats) From29 Jul 198gthrouqhLBAuq 1989

SummaryData for:GaAs - 0 mg/m'3 /Concentration Range-O,OOE+Oto B,OOE-3
Date Mean Std Dev Maximum Minimum I_ N in % N In

29 Jul 1989 3,39E-04 Z,135E-04 6,GTE-_4 -3,37E-04 9 9 100,0%

30 Jul 1989 -3,61E-04 2,391E-04 1,65E-04 -7,03E-04 13 13 100 0%

31 Jul 1989 8 37E-03 5,296E-04 9,92E-03 7,93E-03 11 0 0 0%

i Aug 1989 _ 75E-03 2,945E-04 9,33E-03 8,28E-03 11 0 0 0%

2 Aug 1989 9 85E-03 7,558E-04 I 21E-02 9,04E-03 14 0 0 0%

3 Aug 1989 i 02E-02 7,439E-04 1 15E-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 19E-02 9 28E-03 14 0 0 0%

B Aug 1989 I 03E-02 1.007E-03 L 31E-02 9 37E-03 16 0 0 0%

7 Aug 1989 i 02E-02 4,097E-04 1 11E-02 9 54E-03 18 0 0 0%

8 Aug 1989 1,08E-02 1,340E-03 1 51E-02 9 80E-03 13 0 0 0%

9 Aug 1989 1,17E-02 1 277E-03 I 62E-02 I 03E-02 34 0 0 0%

10 Aug 1989 1,08E-02 6 668E-04 1 24E-02 I OOE-02 13 0 0 0%

11 Aug 1989 1,06E-02 4 499E-04 I 13E-02 i 01E-02 11 0 0 0%

12 Aug 1989 1,03E-02 3 725E-04 1,13E-02 9 90E-03 12 0 0,0%

13 Aug 1989 1,03E-02 2 972E-04 1.07E-02 9 80E-03 IZ 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 1,12E-02 9 88E-03 12 0 0,0%

iB Auq 1989 ,L_7_-O_ 4.614_-g3 _,44_,T0_ 9 76,_-03 12 0 0,0%
Summary 9,56E-03 3 146E-03 2.44E-02 -7,03E-04 287 22 7,7%

Gallium Flrsenide - IRT (Rats)

Galls - 0 rag/m^3 0
Dal ly liean & Standard Deviatlon

From 29 Jul 1989 through IG Rug 1989
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Daily Summation Vor Gallium Arsenide I_T IRatsl rr,_n29 ]ul 19_9 throqj_n_6 Aug I_

Summary Data for; GaAs - 10 mg/m'3 /Concentratlon Range-8,0OE+_)to 1,20E.l

Date Mean _ Tarq_ _td Der % RSD Maximum Minimum _ !1in _¢!1In

29 Jul 1989 I 02E+01 I02,0% 4,315E-hl 4.2X I 06E.Ol 9,39E.00 8 8 I00 0%

30 Jul 1989 9 72E.00 97,2% 4.990E-01 5,1% I 06E*OI 8,97E.00 10 I0 100 OX

31Jul 1989 i OlE.OI i06,9% B.959E-01 6,5X I IBE+OI 9./6E_00 10 10 100 0%

I Aug 1989 i 02E.01 lD2.1% 7,720E-01 7,6% 1 13E.01 8,95E_00 10 I0 100 0%

2 AUg 1989 9 89E.00 98,9% 6,282E-01 6.4% I 09E+01 8,67E.00 10 lO 100,0%

3 Aug 1989 I OIE+OI I00.5% 5,965E-01 5.9% I IOE.OI 9,39E_00 8 8 i00,0%

4 Aug 1989 I OOE+OI 100,1% 4.549E-01 4.5% ,06E+OI 9 31E.00 I0 lO 100.0%

5 Aug 1989 1,06E+01 106.3% 1.537E.00 14,5% ,51E.01 9 37E.00 11 I0 90,9%

6 Aug 1989 1,03E.01 102 8% 4 392E-01 4 3% ,lIE+OI 9 27E+00 12 12 100,0%

7 Aug 1989 I 02E+01 102 4% 7 939E-01 7 8% ,15E+OI 9 22E+00 8 8 100,0%

8 Aug 1989 9 92E.00 99 2% 3 517E-01 3 5% ,04E.OI 9 35E-00 I0 i0 100,0%

9 Aug 1989 9 75E.00 97 5% 4 414E-01 4 5% .08E+OI 9 26E.00 10 10 I00 0%

10 Aug 1989 I DOE+01 lO0 I% 4 980E-01 5 0% 07E+01 _,39E.00 10 10 100 0%

11 Aug 1989 9 94E+00 99 4% 3 701E-01 3 7% I 04E.01 9,I5E.00' 9 9 I00 0%

12 Aug 1989 I DEE+OI I01 9% 4 123E-01 4,0% I 08E+OI 9,51E+00 II 11 100 0%

13 Aug 1989 I 05E+01 105.2% 7,094E-01 6,7% I 22E+01 9,65E_00 9 8 88 9%

14 Aug 1989 I 12E+01 112.4% 4,851E-01 4.3% I 20E+01 1,04E_01 10 lO log 0%

15 Aug 1989 I 05E.01 105,2% 1,018E+00 9,7X I 24E+01 9,29E.00 9 8 88 9%

)6 Aqg.1989 9.9_{+09 ,_9.5X 6.045{,0! 6.1X I 08E.Ol 9._6{-0_ I0 I0 lOO,O_

Summary 1.02E.01 102,1% 7,456E-01 7,3% ,51E+OI 8.67E.00 185 182 98,4%

C6



0
Daily Summatloq tor %lllum Ar_enlde - I_ (Rats) from 79 Jul 1989 throuqh IB Auq I_

Summary Data for: GaAs - 37 mg/m'3 /Conoentratlon Range:2,96E+1 to 4,44E+I

O@te ,M_an % Tarqe_ S_ DBV ii% RSQ .... Maximum Minimum N N _n % H lq

29 Jul 1989 3,84E+01 98,3% 2,902E+00 8 0% i X8E+OI 3 33E+01 8 8 100,0%

30 Jul 1989 3,85E+01 104 0% 4,TBBE+O0 12 4% 4,82E+01 3 39E+01 10 9 90,0%

31Jul 1989 3,82E+01 103 3% 2,573E+00 8 7% 4,26E+01 3 43E+01 I0 I0 100,0%

I Aug 1989 3,75E+01 I01 5% 3,491E+00 9 3% 4,55E+01 3 20E+OI I0 9 90,0%

2 Aug 1989 4 03E+OI i08 9% 5,190E+00 12 9% 5,45E+01 3 BIE+OI I0 9 90,0%

3 Aug 1989 3 75E+01 101 2% 3,343E+00 8 9% 4,08E+01 3 25E+01 8 8 100,0%

4 Aug 1989 3 96E+01 107 0% 4,997E+00 12 6% 5.21E+01 3 34E+01 i0 9 90,0%

5 Aug 1989 4 34E+01 117 2% 2,984E+01 68.8% 1.33E+02 2 BIE+OI 11 9 81,8%

8 Aug 1989 3 75E+01 101 4% 2 288E+00 6,1% 4 05E+01 3 39E+01 12 12 100,0%

7 Aug 1989 3 87E+01 104,7% 3 342E+00 8,6% 4 38E+01 3 48E+01 8 8 100,0%

8 Aug 1989 3,79E+01 102,5% 2 877E+00 7,6% 4 39E+01 3,51E+01 10 10 100,0%

9 Aug 1989 3,77E+01 101,9% 2 549E.00 6,8% 4 13E+01 3,44E+01 10 I0 I00,0%

10 Aug 1989 3,71E+01 100,3% 4 013E+00 10,8% 4 35E+01 3.16E+01 10 I0 100 0%

11 Aug 1989 3,66E+01 98,8% Z 686E_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 11 I00 0%

13 Aug 1989 3,90E+01 105,3% 4,820E+00 12,4% 4 89E+01 3,42E+01 10 8 80 0%

14 Aug 1989 3,68E+01 99,5% Z,343E+O0 6,4% 4,}5E+01 3,30E+01 10 10 100 0%

15 Aug 1989 3,50E+01 94,7% 3,500E.00 10,0% 4,06E+01 2,94E+01 9 8 88 9%

18 Auq 1989 5,0_.0_ I_5._% 4,089_.0| 81,3% 1,66{.0_ 3,09{+01 I0 8 80 0%

Summary 3,88E.01 104.9% 1,226E.01 31,6% 1.66E+OZ 2,87E+01 188 175 94 I%



OaiIy Summatlon _Qr Gallium Ars_n!d_ - IRT (Ra[_) . From 2g _ql I_ throuqh IB Auq !g8_

Summary Data for: GaAs - 75 mg/m'3 /Concentration Range.8,0OE_1 to g,OOE+I

Date M_aq _ Tarqet _td _@v X RS_ Maximum Mln_mum N N _n % !!,,lq

_9 Jul 1989 7,50E+01 100,0% 5 284E+00 7,0% 8,46E+01 8 92E+,01 8 8 100 0%

30 Jul 1989 7,Z4E?01 98,8% 5 623E+00 7,8_ 8 03E+01 8 04E+OI 10 _0 100 0%

31 Jul 1989 7,56E+01 100,8% 7 056E+00 9,3% 9 48E+01 7 05E+01 10 9 90 0%

I Aug 1989 7,83E+01 101,/% 4 182E+00 5,51 8 30E+01 6 99E+01 _0 10 100 0%

2 Aug 1989 7,ZBE+01 96,9% B OZ3E+OO 8,3% 7 90E+0'I 8 OIE+OI 10 10 100 0%

3 Aug 1989 7,30E+01 97,4% 8 13/E+00 11,1% 8 64E+01 B 25E+01 8 8 100 0%

4 Aug 1989 8,04E+01 _07,Z% B 905E+00 6,8_ 8 77E+01 6 70E+01 10 10 100,0%

5 Aug 1989 7,41E+01 98,8% 3 136E+00 4,Z_ I 85E_01 6 99E+01 11 11 100,0%

8 Aug 1989 7.52E+01 100,3% 3 09gE+DO 4 I_ 7 90E+01 6 87E+01 12 12 100,0%

7 Aug 1989 7,24E+01 96,5% 4 092E+00 5 7% 7 92E+01 6,90E+0[ 8 8 100,0%

8 Aug 1989 7,51E+01 100,2% 4 603E+00 6 I_ 8 25E+01 8,85E+01 10 10 100,0%

9 Aug 1988 7,80E+01 104,1% 1,026E+01 13 I% I 05E+02 7,07E+01 lO 9 90,0%

lO Aug 1989 7,04E.01 93,9% 4,911E+00 7 0% 7 70E+01 8,39E+01 10 10 100,0%

11 Aug 1989 7,82E+01 104,2% 5,857E+00 I 5% 8 81E+01 8,71E+01 9 9 I00,0%

12 Aug 1989 7,/IE+Ol 102.8% 7,023E+00 9 I% , 8 68E+01 6,44E+01 11 11 100,0%

13 Aug 1989 7,65E+01 102,0% 1,056E+01 13 8% 1 01E+02 6,72E+01 9 8 88,9%

14 Aug 1989 8,23E+01 109,/% 5,568E+00 B 6% 9 OBE+OI 7,38E+01 10 9 90,0%

15 Aug 1989 7,42E+01 99,0% 8,585E+00 11 6% 9 23E+01 6,55E+01 9 B 88,9%

18 Auq 1989 7,71E,01 IQ_9% 5,_4_{+00 7,Q% _,58E.OL 6 82E_QI, IU lO ....I00,0%

Summary 7,56E+01 100.9% 6,719E+00 8,9% 1,05E+02 6,04E+01 185 L80 9/,3%

Ga111um Rrsenlde - IRT (Rats)GaRs - 75 mg/m^3

Daily Mean & Standard Deviation
From 2£ Jul 1989 through IG Rug 198£
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O_,l_Iy Sun_natlonCor _411!_umA[senlde- IRT (MI_e) From 25 Jul::IgBg,_hrouqh_I6_uq1989
SummaryData for:_aAB - Room /Conaentratlon Range.O,OOE+Oto 1,30E-2

_atB M_an ii, _ O_Y Ma_!lmUln Minlmum N N In _ _IIn
25 Jul 1989 1,82E-02 7,464E-03 2,/gE-OX 3 39E-03 i4 2 14,3%

ZB Jul 1989 2,33E-02 8,888E-03 3,73E-02 5 95E-03 II [ 9,LX

27 Jul 1989 I B3E-O2 3,948E-03 2,76E-02 I 39E-02 12 0 O,OX

28 Jul 1989 2 56E-02 2,012E-02 8,/5E-02 9 51E-03 12 i 8,3%

29 Jul 198U I IBE-03 2,345E-03 1,05E-OZ Z 71E-03 9 9 I00,0%

30 Jul 1989 I 94E-02 1,625E..02 6,89E-02 I 41E-03 13 5 38,5%

3i Jul 1989 2 39E-02 4,836E-03 3 34E-02 1,46E-02 11 0 0,0%

Aug 1989 2 73E-02 4,556E-03 3 68E-02 2,05E-02 ll 0 0.0%
2 Aug 1989 2,66E-02 6,6t8E-03 3 62E-02 1.64E-02 14 0 0,0%

3 Aug 1989 2 06E-02 8,873E-03 5 61E-02 1,35E-02 33 0 0.0%

4 Aug 1989 3 18£-02 2 807E-02 I 27E-01 1,69E-02 16 0 0,0%

5 Aug 1989 2,79E-02 6 894E-03 4 99E-02 8,09E-02 14 0 0,0%

6 Aug 1989 3,90E-02 2 999E-02 1 2BE-Or 1,BTE-02 IB O 0,0%

7 Aug 1989 2,30E-02 7 049E-03 3 66E-02 1,48E-02 18 0 0,0%
8 Aug 1989 3,24E-02 6 631E-03 3 94E-02 1,87E-02 13 0 0,0%
9 Aug 1989 2,28E-02 8 171E-03 4,55E-02 1.59E-02 34 0 0,0%

10 Aug 1989 • 2,65E-02 4 559E-03 3,23E-02 1,70E-02 13 O 0 0%
11 Aug 1989 3,22E-02 6 284E-03 4,09E-02 _ 2.07E-02 11 O O 0%
12 Aug 1989 2,98E-02 5 12BE-03 3,82E-02 2,12E-02 12 0 0 0%
13 Aug 1989 3,67E-02 8,685E-03 5,81E-02 2,Z7E-02 12 0 0 0%
14 Aug 1989 3,93E-02 8,032E-03 5,33E-02 2,4_E-02 13 0 0 0%

15 Aug 1989 3,81E-02 6.855E-03 4.B5E-02 Z,6BE-02 12 O 0 0%

_6 Aqq 1989 6,05E-02 4,933E-02 I,BUE-OI 2,72_-Q_ 12 Q, Q_?X_..
Summary 2,77E-02 1,734E-02 1,80E-01 1,41E-03 33B 18 5,4_

Gallium Rrsentde - IRT (Mice)
GaRs - Room

rlal ly Heart 8_ Standard I]evi at ion
From 25 3ul 19B9 through 16 Rug 1989
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O+ltlv Summ+ltton tor (],allium Ar_ent(;le _ [Rl,,(_lq_)+ F'rom 25, J_1,191_9 throucIh tO Auq 198g

Summary Oata fort BaAs - 0 mg/m'3 /Conoentratlon Range-O;OOE+,Oto 6,00E-3

Ipa_ Hffan ._cl,Oev ............ NaxllnuIll i,ttnlmqn!............. P_ N _rl _ !1 It1
25 Jul 1989 7,51E-03 3 019E.-04 7,94E-02 7 08E-03 [4 0 O,OV.

2B Jul [989 7,70E-03 3 5ORE-04 B,29E-03 7 [9E-03 t[ 0 O,OV.

27 Ju] [989 7,72E-03 I B46E-04 8,tOE-03 7 49E-03 [2 0 O,OV.

28 Jul 1.989 7,88E-03 3 L94E-,04 8,35E-03 7 20E-03 lP+ 0 0,07,

29 Jul 1989 3,39E-04 2 735E-.04 B B/E-04 -3 37E-04 9 9 [00,0_¢

30 Ju] t989 -3,81E-04 2 39].E-04 1 65E-04 ..,7 03E-04 t3 t3 ].O0,OY,

31 Jul 1989 8,37E-03 5 Z9BE-04 9 92E-03 7 93E-03 II 0 O,OX

I Aug [989 8,75E-03 Z 945E-04 9 33E-03 8,28E-03 lt 0 0,0%

2 Aug ].989 9,85E-03 7 558E-04, I 21£-02 9,04£-03 14 0 0,0_.

3 Aug 1989 1,02£-02 7,439£-04 ],],5E-02 8,64F--03 33 0 0,0_.

4 Aug 1989 9,],7E-03 3,8],4E-04 g 84E-03 8,68E-03 ],B 0 0,07.

5 Aug 1980 9,80E-03 6,791£-04 I 19£-02 9,28E-03 t4 0 0 OX

B Aug ].989 t 03E-OZ 1,007E-03 I 31E-OZ 9,37E-03 16 0 0 OX

7 Aug 1989 I OgF'-O? 4,091E-04 I ].]'£-OZ 9,54E:-03 ],8 0 0 OX

8 Aug 1989 I 08E-02 1,340E-03 _,51E-0_, 9,80E-03 13 0 0 0%

9 Aug L989 I 17E-02 1.27?E-03 I,BZE-OZ 1,03E-02 34 0 0 OF.

].0Aug 198_I I 08E-02 6,BB8E-.04 1,24E-02 1,00E-02 13 0 0 0%

II Aug 1989 I 06E-OZ 4,499E-04 1,13E-02 1,01E-02 II 0 0 0%

].2 Aug 1989 1 03E-02 3,725E-04 1,13E-02 9,90E-03 12 0 0 0%

13 Aug 1989 ], 03E-02 2,972E-04 t,O7E-02 9,80E-03 ].Z 0 0,0%

14 Aug 1989 I 02E-OZ 2,150E-04 1,06E-02 9,84E-03 13 0 0.0%

15 Aug ].989 I,.03E-OZ 3,407E-04 I,t2E-OZ 9,88E-03 12 0 0,0%

_6 Auq 1989 I,?7E.O_ 4,614E-03 , _,44_,-0,_: 9,7BE'Q3 IR Q , O,O_._

Summary 9,28E-03 2.986E-03 2,44E-02 -7,03E-04 336 Z? B,5%

Gallium Flrsenlde - IRT (Mice)

Galls - 0 mg/m^3

I]ai ly Mean & Standard I]evlatlon
From 25 J'ul 1989 through tG Rug 1989
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Daily Su_ation For Gallium Arsenide - IRT (Mice) Prom 25 Jul 1989 throuoh 16 Auq 1989

Sugary Data for: GaAs - 10 mg/m'3 /Concentration Range=8.00E+0 to 1.20E+I

Date Mean % Tarqet Std Oev % RSD Maximum Minimum N IIin X N in

25 Jul 1989 9.88E+00 98 8% 5.122E-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% I 07E+01 9,63E*00 9 9 100,0%

27 Jul 1989 9.45E+00 94 5% 6.573E-01 7,0% i 04E+01 8,32E+00 10 10 100.0%

28 Jul 1989 1.01E+01 101 0% 8.489E-01 8.4% 1 23E*01 9.42E+00 I0' 9 90.0%

29 Jul 1989 1.02E.01 102 0% 4.315E-01 4.2% I 0BE+01 9.39E+00 8 8 100,0%

30 Jul 1989 9.72E.00 97 2% 4.990E-01 5.1% i 06E+01 8,97E+00 10 10 100 0%

31Jul 1989 1.07E+01 i06 9% 6,959E-01 6.5% i 18E+01 9 76E.00 10 10 100 0%

i Aug 1989 I02E+01 102 i% 7.720E-01 7 6% 1 13E+01 8 95E+00 10 10 100 0%

2 Aug 1989 9 89E.00 98 9% 6.2B2E-01 6 4% i 09E+01 B BTE+00 10 10 100 0%

3 Aug 19B9 i 01E.01 100.5% 5.965E-01 5 9% ).IOE+01 9 39E+00 8 8 100 0%

4 Aug 1989 i 00E.01 100.1% 4.549E-01 4 5% I 06E+01 9 31E+00 10 10 100 0%

5 Aug 1989 I 0BE+01 106.3% 1.537E*00 14 5% 1 51E+01 9 37E+00 11 10 90 9%

B Aug 1989 i 03E+01 102.8% 4.392E-01 4 3% 1 11E.01 9 27E+00 12 12 100 0%

7 Aug 1989 i 02E+01 102.4% 7.939E-01 7 8% 1.15E+01 9 22E+00 8 8 i0_ 0%

8 Aug 1989 9 92E.00 99.2% 3.517E-01 3 5% 1.04E+01 9 35E+00 10 10 100.0%

9 Aug 1989 9 7_E.O0 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 i00._

11 Aug 1989 9.94E+00 99.4% 3.701E-01 3 7% 1.04E+01 9.15E*00 9 9 100.0%

12 Aug 1989 1.02E+01 101.9% 4.123E-01 4 0% 1.08E+01 9.51E+00 11 11 I00.0%

,13Aug 1989 1.05E.01 105.2% 7.094E-01 B 7% 1.22E+01 9,65E.00 9 8 88,9%

14 Aug 1989 1.12E*01 112,4% 4.851E-01 4 3% 1.20E.01 1,04E+01 10 i0 100.0%

15 Aug 1989 1.05E.01 105.2% 1.018E.00 9.7% 1.24£+01 9,29E+00 9 8 88.9%

_ Auq }989. 9,96{.00 99.6% 6.04b(-0_ 6.1% 1.08{+0_ 9,_6(+00 10 10 100,0%

Summary 1.01E_I 101.5% 7.415E-01 7.3% 1.51E.O1 8.32E+00 224 220 98.2%

Gal I ium Rrsenide - IRT (Mice)
GaRs - 1 0 rag/m^3

Dail 7 Mean & Standard Devlatlon

From 25 Jul 1989 through IB Rug 1989
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Oai,IySummation For Gallium Arsenide - IRT IMice) From 25 Jul 1989 throuoh 16 AT_

Summary Data for: GaAs - 37 mg/m'3 /Concentration Range=Z.g6E+1 to 4,44E+£

Date Mean % Tarqet Std Oev % RSD Maximum Minimum N N in % N in

25 Jul 1989 3 38E.01 91.3% 2,388E*00 7,1% 3,58E.01 2.73E+01 I0 9 90,0%

28 Jul 1989 3 63E+01 98,1% 2.569E+00 7.1% 4.01E+01 3.20E+01 9 9 I00,0%

27 Jul 1989 3 66E.01 99,0% 3.644E+00 9.9% 4.13E.01 2,85E+01 10 9 90,0%

28 Jul 1989 3 59E+01 97.1% 4.149E*00 11 5% 4,24E*01 2.59E+01 10 9 90.0%

29 Jul 1989 3 64E+01 98.3% 2.902E+00 8 0% 4.18E+01 3.33E+01 8 8 100.0%

30 Ju'l1989 3 85E+01 104.0% 4.766E.00 12 4% _.82E.01 3.39E+01 10 9 90.0%

31Jul 1989 3 82E+01 103.3% 2.573E+00 6 7% 4,26E+01 3.43E.01 10 10 100.0%

I 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 190E+00 12 9% 5.45E+01 3 61E+01 10 9 90.0%

3 Aug 1989 3.75E+01 101.2% 3 343E.00 8 9% 4.08E+01 3 25E+01 8 8 I00.0%

4 Aug 1989 3.96E+01 107.0% 4 997E.00 12 8% 5.21E+01 3 34E+01 i0 9 90.0%

5 Aug 1989 4.34E+01 117.2% 2 984E.01 68 8% 1.33E+02 2 87E+01 11 9 81.8%

6 Aug 1989 3.75E.01 101.4% 2 288E+00 6 I% 4,05E+01 3 39E+01 12 12 i00.0%

7 Aug 1989 3.87E+01 104,7% 3 342E+00 8 6% 4.38E+01 3 48E.01 8 8 100.0%

8 Aug 1989 3.79E.01 102 5% 2 877E+00 7 6% 4.39E+01 3 51E+01 10 10 I00,G%

9 Aug 1989 3,77E+01 101 9% 2 549E+00 6 8% 4.13E+01 3 44E+01 10 10 100.0%

10 Aug 1989 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 686E+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 11 100,0%

13 Aug 1989 3.90E+01 105 3% 4 820E+00 12.4% 4.89E+01 3 42E.01 10 B B0.0%

14 Aug 1989 3,68E+01 99 5% 2 343E+00 6.4% 4.15E+01 3 30E.01 10 10 100.0%

15 Aug 1989 3.50E+01 94 7% 3 500E+O0 10.0% 4.06E+01 2 94E.01 . 9 8 88.9%

16 Auq 1989 5.03_+01 I_5.9% 4,089E.01 I 81.3% 1,66_.0_ 3.09_.0_ ....._0 8 80,0%

Summary 3.83E.01 103.5% 1.129E+01 29.5% 1.66E.02 2.59E*01 225 211 93.8%
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Daily Summation For Gallium Arsenide - IRT (Mice I From 25 Jul 1,989 throuqh 16 Auq !98__..99
Summary Data for: GaAs - 75 mg/m'3 /Concentration Range:6.0OE+l to 9.OOE+I

Date Mean % Target Std Der % RSD Maximum Minimum _ N in % N in

25 Ju11989 7.13E+01 95.1% 6.591E+00 9'.2% 826E+01 6.20E.01 i0 I0 i00.0%

26 Jul 1989 7.56E*01 100.8% 3.463E+00 4.6% 8 23E+01 7.20E+01 9 9 I00.0%

27 Jul 1989 '7.22E+01 96,3% 5.915E+00 8 2% 7 99E+01 6.13E+01 10 1O i00 0%

28 Jul 1989 7 50E+01 100.0% 3,746E+00 5 0% 8 35E+01 6.89E+01 10 I0 I00 0%

29 Jul i989 7 50E+01 100.0% 5.264E+00 7 0% 8 46E+01 6.92E+01 8 8 i00 0%

30 Jul 1989 7 24E+01 96 6% 5.623E.00 7 8% 8 03E+01 6.04E+01 10 10 100 0%

31Jul 1989 7 56E+01 100 8% 7.056E+00 9 3% 9 48E.01 7.05E.01 i0 9 90 0%

I Aug 1989 7 63E+01 i01 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% 7.90E4.01 B 07E+01 10 10 100 0%

3 Aug 1989 7 30E+01 97 4% 8.137E+00 11 I% 8.64E+01 6 25E+01 8 8 100 0%

4 Aug 1989 8.04E.01 107 2% 6.905E+00 8 6% 8.77E+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 ii ii I00 0%

6 Aug 1989 7.52E+01 100.3% 3.099E+00 4.1% 7.90E+01 B 87E+01 12 12 100 0%

7 Aug 1989 7.24E.01 96.5% 4.092E+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% 8.25E+01 6 85E.01 10 10 100.0%

9 Aug 1989 7.80E.01 104.1% 1.026E+01 13.1% I.U5E.02 7 07E+01 10 9 90.0%

10 Aug 1989 7.04E+01 93.9% 4.911E+00 7.0% 7.70E+01 6.39E+01 10 10 I00,0%

11 Aug 1989 7.82E.01 ID4.2% 5.857E+00 7.5% 8.81E+01 6.71E+01 9 9 100.0%

12 Aug 1989 7.71E+01 I_?.8% 7.023E+00 9.1% 8.68E+01 6.44E+01 11 11 100.0%

13 Aug 1989 7.65E+01 102,0% 1.056E+01 13.8% 1.01E+02 6.72E+01 9 8 88.9%

14 Aug 1989 8.23E.01 109.7% 5.568E+00 6.8% 9.06E+01 7.38E+01 10 9 90.0%

15 Aug 1989 7,42E+01 99,0% 8.585E+00 11.6% 9.23E+01 6.55E+01 9 8 88.9%

16 Auq 1989 7.7_.01 )0_.9% 5.845{+00 7.6% 8.58_+01 6.8_E.01 I0 10 100.0%

Summary 7.53E.01 100.4% 6,531E+00 8.7% 1.05E+02 6.04E+01 224 219 97.8%

Gallium F_rsenide- IRT (Hice)

GaRs - 75 rag/m^3

I]ai!y He an & St andard Devi ation
From 25 Jul 1989 through 16 Rug 1989
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Temperature Data

0 C.14



0
Daily,Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 throuqh 16 Auq 1989

Summary Data for: GaAs - Room /Temperature Rat,ge= 69.0 to 75,0

Date Mean % Tarqet Sid 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% .39 .5% 74,7 13 4 8 8 100 0%

31Jul 1989 7410 102.7% .26 .4% 74.4 73 6 8 8 100 0%

I Aug 1989 72.1 100.2% .53 .7% 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% .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% .72 1.0% 70,4 66.6 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 67 7 94.0% .28 .4% 68.1 67,4 8 O 0 0%

II Aug 1989 65 7 91.2% 2.56 3.9% 71.1 63.4 8 i 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 Auq I_8_ 7_T,,_ 98.7X _.5_ , 3.5% 73,9 67.4 8 6 75.0%

Summary 70.0 97,3% 2.52 3.6% 74.7 63.4 146 91 62.3%

Gall ium Flrsenide - IRT (Rats)

I GaBs - Room
4

Da i Iy rile an & St and ard Dev i at ion

From 29 Sul 1989 through 16 Rug !969
,_,

C.15



O
Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jui,1989 throuqh 16 Auq 1989

Summary Data for: GaAs - 0 mg/m'3 /Temperature Range- 72.0 to 78.0

Date Mean % Tarqet Sid Dev % RSD Maximum Mir_imum N N in X N 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% ,55 ,7% 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%

i Aug 1989 77.2 102 9% ,68 .9% 78.2 76 3 7 6 85.7%

2 Aug 1989 75,0 100 0% 1.23 I 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% 1.05 1 4% 75.8 73 1 8 8 100.0%

6 Aug 1989 76.1 101 5% 1.09 i 4% 77.7 74 9 6 6 100.0%

6 Aug 1989 75,7 100 9% 1.32 I 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 i% 76 8 74 8 6 6 100.0%

9 Aug 1989 75.5 i00_6% 1 43 i 9% 77 5 73 8 7 7 100,0%

10 Aug 1989 74.6 99.4% I 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 10% 77 3 75.6 6 6 IOU,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 6 100,0%

1.6Auq 7989 74 6 99,5% _.96 _.6% 76,7 71,7 8 7 87,5%

Summary 75 6 100.8% 1.35 1,8% 78.2 71.7 138 134 98.5%

Gal 1 ium Rrsen t de - IRT (Rats) ,dL.
OaRs - E) rag/m^3

Dai ly He an 8, St andard Devlatlon
From 29 Jul 19B8 through 16 Rug t969
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Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 through IB Auq 1989

Summary Data for: GaAs - 10 mg/m'3 /Temperature Range- 72,0 to 78.0

Date Mean % Tarqet Std Dev % RSD Maximum Mini_qm 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% B0 .8% 74 2 72,3 8 8 100,0%

31 Jul 1989 78 0 I01 3% 88 1,1% 78 7 74 0 8 8 100.0%

I Aug 1989 78 7 102 2% ' 1 05 1.4% 78 0 75 2 7 6 85,7%

2 Aug 1989 78 3 i01 7% I 07 1,4% 77 I 74 B 8 8 100.0%

3 Aug 1989 76 0 101 4% 1 IB 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 I01 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 B 85 7%

7 Aug 1989 77 2 102.9% 1 01 1,3% 78 2 75 B 8 6 75 0%

8 Aug 1989 75 9 101,2% 72 ,9% 78 8 75 0 8 B I00 0%

9 Aug 1989 75 4 100.6% 1 24 I,B% 77,5 73 9 7 7 100 0%

i0 Aug 1989 74,9 99,9% 92 1.2% 78,I 73 4 _ 8 I00 0%

11 Aug 1989 74,5 99,3% .70 ,9% 75.4 73 7 7 7 I00 0%

12 Aug 1989 76.3 101.8% .63 ,8% 77.2 75 B 6 6 100 0%

13 Aug 1989 76.2 I01,B% .79 1.0% 77,1 75 0 7 7 100 0%

14 Aug 1989 75.3 100,4% I.I0 1,5% 77.1 74 0 B 6 100 0%

15 Aug 1989 73,7 98.3% .45 ,6% 74,1 73 1 6 B 100 0%

!6 Auq 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%

Gal I ium Rrsenlde - IRT (Rats)

GaRs - 10 m B/m A3
Daily Mean B, Standard Deviation

From 29 Jul 1989 through IG Rug 19B9
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Daily Summation For Gal.]lumArsenide - IRT (Rats) From 29 Jul 198g throuqh 16 Auq 1989

Summary Data for: GaAs - 37 mg/m'3 /Temperature Range= 72,0 to 78,0

Date Mean % Tarqet Sid Dev % RSD Maximum Minimum N N in % N in

29 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%

31Jul 1989 76 7 102 2% ,93 1,2% 77 5 74 5 8 8 100,0%

I 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 B 8 7 87.5%

3 Aug 1989 77 3 103 0% 1,09 1.4% 78 4 75 8 8 5 62,5%

4 Aug 1989 77 3 103 I% 1,14 1,5% 78 9 76 0 8 5 62.5%

5 Aug 1989 78 1 104 i% 1.89 2.4% 80 0 74 5 6 2 33 3%

6 Aug 1989 75 8 101 i% 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 1989 75 4 100,6% .75 1 0% 76.1 74 3 6 6 i00 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 Aug 1989 74.8 99,7% ,69 9% 75.9 73.8 7 7 100 0%

12 Aug 1989 78.2 101.6% ,95 1 2% 77,2 74.8 6 6 100 0%

13 Aug 1989 76.I i01,5% .94 1 2% 77,1 74.8 7 7 I00 0%

14 Aug 1989 74.9 99,8% 1,16 1 6% 77,1 73.8 6 6 100 0%

15 Aug 1989 73.6 98,2% ,54 7% 74,2 72.8 6 B 100 0%

Auq 1989 73.5 98.0% 1.16 I 5% 74,8 71.4 8 7 87,5%

Summary 75.7 101.0% 1.71 2 3% 80.0 71,4 138 122 88.4%

Gal 1 lum Rrsenlde - IRT (Rats)

GaF1s - 37 mg/m^3

Daily Nean _ Standard Deviation
From 29 Jul 1989 through 16 Rug 1989
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Daily Summation For Gallium Arsenid@ - IRT (Rats) , From 29 Jul 1989 throuqh !6 Auq 1989

Summary Data fdr: GaAs - 75 mg/m'3 /Temperature Range- 72,0 to 78,0

Date M_an % Tarqet Sid Dev % RSD Maxln_um Minimum ,N N in X N in

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%

31Jul 1989 76 8 102.4% .31 .4% 77,2 76 5 7 7 100,0%

i Aug 1989 77 7 i03 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.B 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 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%

9 Aug 1989 73.6 98 2% ,70 1.0% 74 5 72.7 7 7 100.0%

I0 Aug 1989 73.1 97 4% .68 ,9% 73 7 72.0 7 7 100.0%

11 Aug 1989 12.l 96 9% ,38 ,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 99 6% .76 1.0% 76 1 73.9 6 B 100,0%

15 Aug 1989 74 2 98.9% .69 .9% 74 8 73.2 6 6 100,0%

16 Auq _989 73_8 98,4_ ,, I_5_ _,1% 75,6 71.7 7 6 _5,7%

Summary 74.9 99.9% 1.56 2.1% 78.7 71,7 129 123 95.3%

Gallium Rrsenlde - IRT (Rats)GaRs - 75 mg/m"3

Dal ly Mean & St andard Devlatlon
From 29 3ui 1989 through 16 Rug 1989
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_ail,ySu.mmationFor Galllum Ar_enlde - IRT (Micel' Frqm 25 Jul 1989 throuqh 16 Auq 1989

Summary Data For: GaAs - Room /Temperature Range- 69,0 to 75,0

Date Mean _ Tarqet Std Dev % RSD Maximum Minimum N N in % _ in

25 Jul 1989 75.8 105 2% ,97 1.3% 77,4 74,4 6 L 16.7%

26 Jul 1989 75,8 105 3% 1,03 i 4% 77.5 74,7 8 3 37,5%

27 Jul 1989 75,6 105 0% 1,13 i 5% 78,2 74,5 9 3 33,3%

28 Jul 1989 74,5 103 5% 1,82 2 4% 77,7 72,4 7 5 71,4%

29 Jul 1989 74.3 103 2% ,28 4% 74,7 73.7 B 8 100,0%

30 Jul 1989 73,8 102 5% ,39 5% 74,7 73,4 8 8 I00.0%

31 Jul 1989 74.0 102 7% ,26 4% 74.4 73.6 8 8 i00,0%

i Aug 1989 72,1 100 2% .53 7% 72.9 71.5 8 8 100.0%

2 Aug 1989 68.3 94 9% .76 1 1% 69.3 67.4 B 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,BB 3 8% 71,8 65,7 B 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 69 4 96 4% ,72 1 0% 70,4 68,6 8 5 62,5%

8 Aug 1989 68 9 95 7% l 1,32 I 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 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 i 12.5%

12 Aug 1989 70 2 97.4% 1,49 2.1% 73 1 69 1 6 6 I00,0%

13 Aug 1989 69 6 96,6% 1,00 1.4% 70 B 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 Auq I689 ....71,I , 98.!% , _,5_ .. },5_ 7}._ 67,4 _ 6 ..... 7_.0___

Summary 71.0 98.6% 3,11 4,4% 78.2 63 4 176 103 58.5%

Gallium Rrsenlde - IRT (Mice)

GaFfs - Room

Daily Mean & Stand&rd rlevlatlon

From 25 Jul 1989 through 16 Rug 1989
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Dai!y Summation For Gallium Arseplde - IRT (Mice) From 25 Jul 1989 throuqh IB Auq 1989

Summary Data fdr: GaAs - 0 mg/m'3 /Temperature Range= 72,0 to 78.0

Date, Mean % Tarqet Sid Der % RSD Maximvm Minimum N N in % N In
25 Jul 1989 75,4 100.6% 83 1 i% 76,5 74,5 6 6 i00,0%

26 Ju] 1989 75,9 101,1% 87 1 I% 76.9 74,8 8 8 100,0%

27 Jul 1989 76.1 101.5% I 08 i 4% 78,2 74,8 8 7 87,5%

28 Jul 1989 75,4 i00,6% 81 1 i% 76,9 74,8 8 8 100,0%

29 Jul 1989 75.4 100.5% 48 6% 76,I 74,7 8 8 100,0%

30 Jul 1989 78.4 101.9% 55 7% 77,0 75,3 8 8 100,0%

31Jul 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 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.i 101,5% 1.09 1.4% 77 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 78,8 102,4% 1.02 1.3% 77 9 75.3 8 8 I00.0%

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%

II Aug 1989 74.3 99.1% .65 ,9% 75.3 73.5 7 7 100,0%

12 Aug 1989 76.6 102.1% .78 1.0% 77.3 75.6 6 B 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 B 100.0%

15 Aug 1989 74,8 99.7% .70 .9% 75,4 73,9 B 6 100.0%

_ Au_ 1989 74,6 ,9_,5% , $,9_., _.6% 76.7 . 71.7 B 7 87.5%

Summary 75.6 100.8% 1.28 1.7% 78,2 71./ 166 163 98.2%

Ga1 1 tum Rrsenlde - IRT (Mice)

GaRs - 0 mg/m^3
Daily Mean & Standard Deviation

From 25 Jul 1989 through 16 Rug 1989
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Daily Summat,!.onFor Gallium Arsenide - IRT (Mlce) From 25 Jul ,!989throuqh 16 Auq 1989

Summary Data for: GaAs - 10 mg/m"3 /Temperature Range- 72,0 to 78,0

Date Mean % Tarqet .Sid Dev % RSD Maximum Minimum N N in % N In

25 Jul 1989 73,3 97,7% .96 1,3% 74,5 72,3 6 B I00,0%

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 1989 73.1 97,4% ,54 7% 73,9 72,2 8 8 100,0%

29 Jul 1989 73.2 97.7% ,46 6% 73,8 72.3 8 8 100.0%

3O Jul 1989 73.4 97,8% ,BO 8% 74,2 72 3 8 8 100,0%

31Jul 1989 76.0 101.3% ,86 i i% 78,7 74 0 8 8 100.0%

i Aug 1989 76,7 102.2% 1.05 1.4% 78,0 75 2 7 6 85,7%

2 Aug 1989 78,3 101,7% 1.07 1,4% 77,7 74 6 8 8 100,0%

3 Aug 1989 76.0 101,4% 1.18 1,5% 77.2 73 7 7 7 i00,0%

4 Aug 1989 75,i 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 8 5 83.3%

6 Aug 1989 78.4 I01 9% 1.33 1,7% 78,1 74,5 7 6 85.7%

7 Aug 1989 77.2 i02 9% 1,01 1.3% 78,2 75.6 8 6 75.0%

8 Aug 1989 75.9 I01 2% ,72 .9% 76.8 75,0 6 6 100,0%

9 Aug 1989 75.4 I00 6% 1.24 1.6% 77,5 73.9 7 7 100,0%

10 Aug 1989 74.9 " 99 9% ,92 1,2% 78,I 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 78,3 101,8% ,83 ,8% 77.2 75.8 6 6 100.0%

13 Aug 1989 78.2 101.6% ;79 1.0% 77.1 75,0 7 7 100,0%

14 Aug 1989 75.3 100,4% 1.10 1.5% 77,1 74.0 6 6 100.0%

15 Aug 1989 73.7 98.3% .45 .6% 74,1 73.1 8 6 100.0%

_ Auq 1989 73,$ 98,1% 1,17 ..... _,8% 74.9 71.5 8 7 _7±5%

Summary 75.0 99.9% 1.59 2.1% 78,3 71,5 168 160 98,4%

Gallium Rrsenide - IRT (Mice)

GaBs - 10 mB/m^3
Daily Mean & Standard Deviation

From 25 Jul 1989 through 16 Rug t989



Daily Summation Eor Gallium Arsenide - IRT (Mice) From 25 Jul 1989 throuqh 18 Auq 1989

Summary Data for: GaAs - 37 mg/m'3 /Temperature Range= 72.0 to 78.0

Da'ce Mean % Tarqet Std Dev % RSD Maximum Minimum N N in X N in

25 Jul 1989 72.9 9),2% 1.01 1.4% 74 2 71.7 6 5 83,3%

2_ 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 i00 0%

28 Jul 1989 73.4 97.9% ,83 i_1% 75 1 72.6 8 8 100 0%

29 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 B 73.0 8 8 100 0%

31Ju'I 1989 78.7 102.2% .93 1.2% 77.5 74.5 8 8 100 0%

I Aug 1989 77 2 102.9% 1.16 1.5% 78.5 75.7 7 4 57 I%

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% 1.09 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 19_9 i8 1 104.1% 1.89 2.4% 80.0 74.5 6 2 33.3%

6 Aug 1989 75 8 101 i% 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 1989 73 4 100 6% .75 1.0% 76.i 74.3 6 6 100.0%

9 Aug 1989 15.5 i00 7% 1.38 1.6% 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%

11Au_ 1989 74.8 99 7% ,69 .9% 75,9 73.8 7 7 100.0%

1,2Aug 1989 76.2 i01 6% .95 1.2% 77.2 74.8 6 6 100.0%

13 Aug 1989 78.I 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 8 100.0%

15 Aug 1989 73.B 98.2% .54 .7% 74.2 72.8 6 6 100.0%

16 Aua 1989 73.5 98.0% 1.18 1.6% 74,8 7_.4 8 7 87.5_

Summary 75.3 100.4% 1.83 2.4% 80.0 71.4 186 150 89.3%

Gallium F1rsenide - IRT (Mice)
GaRs - 37 mg/m^3

D ai ly Mean & Standard Deviation

From 25 3ul 1989 through 16 Rug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice) From 25 Jul 1989 throuqh 16 Auq I989

Summary Data for: GaAs - 75 mg/m'3 /Temperature Range= 72.0 to 78 0

Date Mean % Tarqet Std Dev % RSD Maximum 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 Jul 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.I 74.3 7 7 100 0%

31Jul 1989 76.8 102.4% .31 .4% 77,2 76.5 7 7 100 0%

i Aug 1989 77.7 103.6% .76 1,0% 78,8 77.0 B 4 66 7%

2 _Lug1989 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 1989 75.3 100.4% .57 .9% 76.1 74.5 8 8 i00 0%

8 Aug 1989 74,4 99.2% .62 .8% 75.4 73.4 7 7 100 0%

Aug 1989 73.8 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 B 6 100 0%

13 Aug 1989 75.2 100.3% .64 .9% 76.3 74.3 7 7 i00 0%

14 Aug 1989 74.7 99.8% .76 1.0% 76.i 73.9 6 6 100 0%

15 Aug 1989 74,2 98.9% ,89 .9% 74.8 73.2 6 8 100 0%

_} Auq 1989 73.8 98,4% 1.5_ _._% 75,6 71 7 7 6 85 7%

Summary 74.7 99.6% 1.55 2.1% 78.7 7i.7 157 151 96.2%

Gallium Brsenide - IRT (Mice)
GaRs - 75 mg/m^3

Da117 Mean & St andarcl Devi ation

From 2L3 Jul 1989 through 16 Rug 1989
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Daily Summation For Gallium Arsenide - IRT {Rats) From 29 Jul 1989 throuqh IB Auq 1989

Summary Data for: GaAs - 0 mg/m'3 /Relative Humidity Range= 40,0 to 70,0

Date Mean % Tarqet Sid Dev % RSD Maximum !_in<mum N N in % N in

29 Jul 1989 55.2 I00.5% 3.11 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 i00,0%

31Jul 1989 58.5 106.4% 2,56 4,4% 64.0 56 0 8 8 100,0%

I Aug 1989 J8,9 107,0% 3,29 5 8% 63,0 54 0 7 7 100.0%

2 Aug 1989 6!.8 112,3% 1 58 2 6% 64.0 59 0 8 8 100,0%

3 Aug 1989 80.3 109.5% 2 25 3 7% 63,0 57 0 8 8 100,0%

4 Aug 1989 62.3 i13.2% 1 91 3 i% 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 29 5 6% 62.0 _ 0 7 7 100,0%

7 Aug 1989 61.8 112.3% 2 55 4 i% 65.0 58 0 8 8 100.0%

8 Aug 1989 60.2 109,4% 4 26 7 i% 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%

_6 Auq 1989 50.0 90,9% 1 5_ 3 0% 53.0 ....49_0 8 _ IQ0.0%

Summary 58.6 106.5% 5 02 8 6% 69,0 45.0 139 139 100,0%

Gall ium Rrsenide - IRT (Rats)Galls - Ei mg/m^3

Daily Mean& Standard Deviation
From 29 Jul 1989 through 16 Rug 1989
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Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 throuqh 16 Auq 1989

Summary Data for: GaAs - 10 mg/m'3 /Relative Humidity Range: 40,0 to 70.0

Date Mean % Tarqet Std Oev % RSD Maximum Minimum N N in % N n

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%

31Ju_ 1989 58.9 107.0% 5.41 9.2% 71.0 54.0 8 7 87 5%

1 Aug 1989 58.3 i0_ 3% 3.77 B.7% 61.0 51.0 7 7 i00 0%

2 Aug 1989 57.9 105.2% 3.09 5.3% 81.0 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 i00 0%

5 Aug 1989 61.7 112.1% 5.28 8.6% 70.0 55.0 6 6 I00 0%

6 Aug 1989'_ 55.7 101.4% 4.30 7.7% 62.0 48.0 8 8 i00 0%

7 Aug 1989 55.5 100.9% 4.00 7.2% 50.0 50.0 8 8 lOO 0%

8 Aug 1989 55.3 100.6% 3.56 6.4% 60.0 51.0 B 6 i00 0%

g _ug 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% BO 0 49.0 8 8 100.0%

]i Aug 1989 58.i 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 B 100.0%

13 Aug 1989 57.0 103 8% 4.41 7 8% 82 0 50.0 7 7 i00.0%

14 Aug 1989 57.4 104 4% 2.76 4 8% 61 0 53.0 .7 7 100.0%

15 Aug 1989 54.0 1982% 2.31 4 3% 57 0 51.0 7 7 100.0%

16 Auq 1989 53,9 98 G_ 3.04 5 7% _@ 0 50,0 8 8 100.0%

Summary 57.9 105 3% 5.19 9 0% 71 0 48.0 141 140 99.3%



Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul _989 throuqh 16 Auq 1989

Summary Data for: GaAs - 37 mg/m'3 /Relative Humidity Range= 40.0 to 70,0

_te Mean % Tarqet Std Dev % RSD Maximum Minimum N N in X N in

29 Jul 1989 58 0 105.5% 9 50 16 4% 68 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%

31Jul 1989 60 0 109 I% 6 50 10 8% 68 0 48,0 8 8 100,0%

i 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 1989 57 9 105 2% 5 38 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%

S Aug 1989 57 2 103 9% 6 55 11 5% 65 0 47,0 6 6 100,0%

6 Aug 1989 59 B 108 6% 6,48 10 8% 68 0 47.0 B 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 59 7 108 5% 6 86 11 5% 66 0 50.0 6 6 100,0%

9 Aug 1989 58 9 107 0% 5 36 9 i% 67 0 50.0 8 8 100,0%

10 Aug 1989 55 9 101 6% B 22 11 i% 62 0 45.0 8 8 100.0%

11 Aug 1989 56 1 102 i% 8 78 15 6% 63.0 43,0 7 7 100,0%

12 Aug 1989 55 8 101 5% 5 98 10 7% 6310 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 98 I% 8 45 16 0% 62.0 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%

1.6Auq 1989 52.7 ,. 94.1% 6 43 I_ 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%

Gal 1 lum Rrsenide - IRT (Rats)
GaRs - 37 mg/m^3

Daily Mean & Standard Deviation

From 29 .Tul 1989 through 16 Rug 1989
'b

_,'

°r-

E

-r" ,

>
,_.,

+J

,
,,_'

_l I I I ! I I I I ' I I I I I I I I I I i

, • ,,>:j% o,, J , _)% C>j)) <>:_% ,;.._-

C.2B



0
Daily Summation _or Gallium Arsenide - IRT (Rats) From 29 Jul 1989 throuqh 16 Auq 1989

Summary Data for: BaAs - 75 mg/m'3 /Relative Humidity Range: 40,0 to 70,0

Date Mean % Tarqet Sid Dev % RSD Maximum 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%

31Jul 1969 57 9 105,2% 7.66 13,2% 66,0 44,0 8 8 100,0%

I Aug 1989 55 9 I01,8% 7.97 14.3% 63,0 43,0 7 7 100,0%

2 Aug 1989 57 0 103,6% 6.00 10',5% 82,0 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% 5.11 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,q2 10 6% 62,0 45.0 8 8 100.0%

7 Aug 1989 54.6 99.3% 6./4 12 3% 62.0 44,0 8 8 100 0%

6 Aug 1989 53.0 96.4% 7,95 15 0% 60.0 42,0 6 B 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% 8.76 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 6 I00 0%

1.3Aug 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%

76 Auq 1,989 48.6 . 88.4% 6,4_ I_,_% 55.0 3_0 8 6 75,0%

Summary 55.3 100.5% 7.35 13.3% 66.0 38,0 141 138 97.9%

Gal 1 turn Rrsentde - IRT (Rats)

GaRs - 75 mg/m^3
Dat ly Me an 8_ St andard I]evl ation

From 29 Jul 1989 th:_ough 16 Rug 1989
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Daily Summation For Gallium Arsenide - IRT (M!c_) .... From 25 Oul !,989throuqh IB Auq 1989

Summary Data for: GaA_ - 0 mg/m'3 /Relative Humldlty Range- 40.0 to 70,0

Date Mean, % Tarqet S_d Der _¢RSD Maximum Minimum N _Iin % N In

25 Jul 1989 47 7 86.8% I,ii 2,3% 49,0 46 0 7 7 100,0%

26 Jul 1989 48 1 87.5% 2,03 4.2% 51,0 46 0 8 8 100,0%

27 Jul 1989 48 9 88,8% 5,81 11,5% 54,0 42 0 7 7 i00,0%

26 Jul 1989 54 2 98,6% 3 11 5,7% 57.0 49 0 8 8 100,0%

29 Jul 1989 55 2 100.5% 3 11 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 I00,0%

31Jul 1989 58 5 106,4% 2 56 4.4% 64,0 56 0 8 8 I00,0%

i Aug 1989 56 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% I 91 3,1% 64.0 59 0 8 8 i00,0%

5 Aug 1989 81 2 111.2% 5 49 9,0% 69.0 53,0 8 B 100,0%

6 Aug 1989 58 9 I07,0% 3 29 5.6% 62.0 53,0 7 7 I00,0%

7 Aug 1989 61 B 112,3% 2 55 4,1% 65,0 58.0 6 8 I00,0%

8 Aug 1989 60 2 109,4% 4 26 7.1% 66.0 55,0 8 6 100,0%

9 Aug 1989 61 8 112,3% 4 27 6.9% 69.0 57,0 8 B 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 I00,0%

12 Aug 1989 59,5 108,2% 4 18 7 0% 84,0 53,0 B B 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 i00,0%

15 Aug 1989 49,0 89.1% 2,45 5 0% 52,0 45,0 6 B 100,0%

16 Au_ 1989 50.0 90.9% 1,5,,_ 3,0% 53.0 49,0 8 B 100.0%

Summary 57,0 103.6% 5,91 10.4% 69,0 42.0 169 169 100.0%

Oal l ium Rrsenlde - IRT (Mi ce)GaRs - 0 rag/m^3

I]ai 17 Me an & St andard Devi ation

From 25 Jul IgB9 through IS FIug IBBB
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Daily Summation For Galllum Arsenide - IRT {Mice) ,, From 25 Jul 1989 _hrouqh I6 Auq.1989

SunlmaryData for: GaAs - 10 mg/rn'3 /Relative Humidity Range- 40,0 to 70,0 A

Date Mean % Tarqet Sid Dev % RSD Maximum Minimum N N _n X N in

25 Ju] 1989 59,5 108,2% 2,28 3,8% 63,0 57,0 6 6 I00,0%

26 Jul 1989 57,9 105,2% 1,81 3,1% 60,0 55,0 8 8 100,0%

27 Jul L989 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 i00.0%

29 Ju] 1989 63.8 I15,9_ 2,82 4 4% 67,0 59,0 8 8 I00,0%

30 Jul 1989 67.0 121,8% 2,56 3 8% 69,0 61,0 8 8 100 0%

31Jul 1989 58,9 107,0% 5.41 9 2% 71.0 54,0 8 7 87 5%

1 Aug 1989 56.3 102,3% 3 77 6 7% 81,0 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 B 2% 64,0 53 0 8 8 100 0%

4 Aug 1989 60,6 II0,2% 7 33 12 i% 69,0 52 0 8 8 100 0%

5 Aug 1989 61,7 112,1% 5 2B 8 6% 70.0 55 0 6 6 100 0%

B Aug 1989 55,7 101.4% 4 30 7,7% 62,0 48 0 8 8 i00,0%

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 Aug 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 B 100,0%

11 Aug 1989 58,I 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 _989 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 Auq _9_9 53,9 98 0% _,04 5_7% 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%

GalIlum Rrsenlde - IRT (Mlce)

GaRs - 10 mg/m^3
Dal]y Heart & Standard Deviatlon

From 25 .Tul 1989 through 16 Rug 1989
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OalIy Summat(on !forGallium,A,r_enide- IRT (,MiCe) From 25 JuI 1989 throu' L6 Auq 1989

Summary Data for: GaAs - 37 mg/m'3 /Relative Humidlty <ange- 40,0 to 70,0Date Mean ....% Tarqet Std Der % RSD Maximum Minimum N _ in % N in

25 Ju_ 1989 51,1 93,0% 7,06 13,8% 58,0 41,0 7 7 100,0%

26 Jul 1989 54,2 98,6% 9,02 16,6% 61,0 39.0 8 7 87,5%

27 Jul 1989 54,3 98,/% 8,81 16,2% BO,O 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 IB,4% 86,0 43.0 8 8 100,0%

30 Jul 1989 59,9 I08,9% 9.08 15,2% 67,0 44,0 8 B 100,0%

31 Jul 1989 60,0 109,1% 6,50 10,8% 68,0 48,0 8 B 100,0%

I 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 1989 57,9 105,2% 5,36 9,3% 63,0 49,0 B 6 100,0%

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,I 105.7% 6,58 11,3% 64,0 48,0 8 6 100,0%

8 Aug 1989 59,7 108,5% 6,86 11.5% 66,0 50,0 6 6 100,0%

9 Aug 1989 58,9 107,0% 5,36 9,1% 67,0 50.0 8 8 100,0%

I0 Aug 1989 55.9 101,6% 6,22 11,1% 62.0 45,0 8 8 100,0%

ii Aug 1989 56,i 102,1% 8,78 15,6% 63,0 43,0 7 7 100,0%

12 Aug 1989 55,6 101,5% 5,98 10,7% 63,0 45,0 B B 100,0%

13 Aug 1989 54,1 98.4% 8,63 15,9% 61,0 39.0 7 B 85,7%

14 Aug 1989 52,9 96,1% 8,45 16,0% 62,0 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 Auq 1989 _1,7 94,1% 6,43 I_,4% 60,0 41,Q B 8 100,0%

Summary 56.3 102,3% 7,31 13,1% 68,0 39.0 171 166 97,1%

Galli_,_m Rrsenide - IRT (Mice)GaRs - 37 mg/m^3

Daily Hear & Standard Deviation
From 25 Jul 1989 through 16 Rug !989
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Q411y SupmatlonFor Gallium Arsenide - IRT (Micel, , From 25 Jul 1989 throuqh 16 Auq 1989
Summary Data for: GaAs - 75 mg/m'3 /Relative Humidity Ra;_ge- 40,0 to 70,0

Date Mean % Tarqe_ Sid Dev % RSD Maximum Minimum N N in % N in

25 Jul 1989 55,1 i00,3% 8 97 16,3% 65 0 42,0 7 7 100,0%

26 Jul 1989 57,1 103,9% I0 82 18,9% 65 0 38,0 8 7 87,5%

27 Jul 1989 56,0 101,8% Ii 72 20,9% 66 0 39,0 7 5 71.4%

28 Jul 1989 56,3 102,3% I0 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 44,0 8 8 100,0%

31Jul 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 £03,6% 6.00 10,5% 62 0 47,0 8 8 100,0%

3 Aug 1989 56.9 !03,4% 6,83 12.0% 62,0 45,0 8 8 100,0%

4 Aug 1989 57,3 104,,1% B,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%

8 Aug 1989 56 8 103,2% 8,02 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 B 100,0%

9 Aug 1989 54 5 99.1% 8,19 15 0% 66,0 42 0 8 8 100,0%

I0 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 58 1 102,1% 6,07 I0 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.B 90,1% 5,86 11 8% 55.0 39.0 7 6 85.7%

16 Auq 1989 48,6 88,4% 6_4_ _._ 55,0 30,Q 8 6 7510%
Summary 55.4 100.6% 7,85 14.2% 68.0 38,0 171 165 98.5%



Exhaust Airflow Data
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Daily Summation __£orGall4um Ar9anide- !'RT(Rats) ........From 29 JU,]1989 throqqh 16 Auq 1989_

Summary Data for: GaAs - 0 mg/m'3 /_xr_ust Air Flow Range= 12,0 to 18,0

Oate Mean % Tarqet SI_d _e,v % RSD i_a__!,mum Minlmum N N _n % N _n

29 Jul 1989 16,2 I07 8% _ ,02 ,1% 16,2 16,1 9 9 100,0%

30 Jul 1989 16,1 107 7% ,04 ,3% 16,2 16,I 9 9 100,0%

31Jul 1989 16,1 i07 5% ,04 ,2% 16,2 16,i 8 8 100.0%

I Aug 1989 16.i 107 4% ,08 ,5% 16 2 15,9 9_ 9 I00,0%

2 Aug 1989 15,9 105 9% , ,06 .4% IB 0 15,8 9 9 100,0%

3 Aug 1989 15.0 99 7% ,71 4,8% 15 9 14,4 9 9 100,0%

4 Aug 1989 13,9 92 7% ,07 ,5% 14 0 13,8 7 7 1000%

5 Aug 1989 14,9 99 I% ,44 2,9% 15 I 13.9 7 7 I00 0%

6 Aug 1989 15,0 100,1% ,04 ,3% 15 1 15,0 8 8 100 0%

7 Aug 1989 15,0 i00,0% .06 ,4% 15 1 14,9 8 8 I00 0%

8 Aug 1989 15,0 I00,1% .08 5% 15 I 14,9 8 8 i00 0%

9 Aug 1989 14 9 99.8% .30 2 0% 15 2 14,2 , 8 8 100 0%

I0 Aug 1989 15 i 100,5% .08 5% 15.2 15,0 8 '8 100 0%

11 Aug 1989 15 i 100,6% .OI 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,Z 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 l 100,0%

i_ Auq 1989 14,0 93_1% ,_g 4,3% 15,0 I_.6 @ B !gO,O%,__

Summary 15,2 101.4% .89 4,5% 16,2 13,6 152 152 100,0%

Gallium Rrsentde - IRT (Rats)

GaRs - 0 mg/m^3
Dat ly Mean & Standard Deviation

From 29 Jul 1989 through [6 Rug 1989
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Oaily Summa_ioq,For Gallium Arsenide - IRT (Rat_) From 29 Jul 1989 throqqh l@ Aua 1989

Summary Data for: GaAs - I0 mg/m'3 /Exhaust Air Flow Range- 12,0 to 18,0

Oate Mean % Tarqot , Sid _ev % RSD Maximum Minimum N , N in % N In

29 Jul 19B9 13,6 90,9% 22 I 6% 13,8 13,4 9 9 100,0%

30 Jul 1989 14,0 93,6% 09 8% 14,2 13,9 9 9 100,0%
i,

, , '_31Jul 1989 14 2 94 4% 07 5% 14,3 14.1 8 8 100.0% /

I Aug 1989 14 2 94 _% 08 6% 14,3 14,0 9 9 100,0% 1 _E_

2 Aug 1989 14,2 94,9% 16 I i% 14 4 14,0 9 9 100 0%

3 Aug 1989 14,4 95.9% 16 1 I% 14 5 14,1 9 9 I00 0% _'
4 Aug 1989 13,8 91,9% 22 1,6% 14 1 _3,6 7 7 lOO 0%

5 Aug 1989 14,B 97,1% 98 B,B% IB O 13,5 7 7 lOO 0%

B Aug 1989 15.I 100.5% 85 4,3% 16 0 13 8 8 8 I00 0%

7 Aug 1989 14.7 98,2% 27 1,8% 15 3 14 5 8 8 I00 0%

8 Aug 1989 14,6 97.5% 49 3.4% 15 1 13 9 8 8 lD0 0%

9 Aug 1989 i4,8 98,6% BO 4.1% 15 7 13 6 9 9 100 0%

10 Aug 1989 14,6 97,6% 34 2,4% 15 0 14 i 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 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%

isAug1989 14,2 94,8% 39 2,8% 14.5 13,S 7 7 100.0%
16 A_q 1989 _4,_ 95,3%, , ,16 1,1% _4.5 14,0 8 .8 IOO,0%

Summary 14,4 98.1% .Sl 3,5% IB.0 13.4 153 153 100,0%

Gal 1ium Rrsenide - IRT (Rats)

GaR_ - !0 mg/m^3
Daily Mean & Standard Deviation

From 29 Jul 19B9 through IB F1ug 1989
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Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 throuqh 18 Au_ 1989

Summary Data for: GaAs - 37 mg/m'3 /Exhaust Air Flow Range: 12,0 to 18.0

Date Mean % Tarqet Std Der % 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% 85 4,9% 14 2 12,3 9 9 100.0%

31Jul 1989 13.6 90.8% 32 2.4% 13 9 13,2 8 8 i00 0%

i Aug 1989 13,5 90.1% 31 2.3% 13 9 12,8 9 9 100 0%

2 Aug 1989 13.8 81.9% 47 3,4% 14 2 13.1 9 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 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% IB.3 12 8 8 8 I00_0%

7 Aug 1989 14,0 93.8% .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 B 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 B 91.0% .32 2,4% 13,9 13 0 9 9 100.0%

12 Aug 1989 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 91.4% ,84 4.7% 14,2 12.9 7 7 100.0%

15 Aug 1989 13.7 91.5% ,60 4.4% 14.1 12.8 7 7 100,0%

18 Auq 1989' !4,0 93.1% .B3 4.5% 14.5 IR,9 8 8 100.0%

Summary 13.8 92.0% .67 4.9% 16.3 12.3 154 154 100.0%

Ga] 1 ium Rrsenlde - IRT (Rats)
GaBs - 37 mg/m"3

Dai ly Mean & Standard Devlatlon

From 29 Jul 1989 through 16 Rug 1989
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e
Daily Summation For Gallium Arsenide - IRT (Rats) From 29 Jul 1989 throuqh ]6 Auq t989

Summary Data for: GaAs - 75 mg/m'3 /Exhaust Air Flow Range= 12.0 to 18.0

Date Mean % Tarqet 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 .8% 13.8 13,8 9 9 100 0%

31Ju] 1989 14 1 93,7% 48 3.3% 14,5 13,5 8 8 100 0%

I Aug 1989 14 1 94.1% 51 3.6% 14.8 13,2 9 9 100 0%

2 Aug 1989 14 6 97,7% 85 5,8% 15.4 13.3 9 9 100 0%

3 Aug 1989 14 4 96,1% 65 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%

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% 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 13.6 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.i% 58 4.0% 14.7 13._ 8 8 100.0%

11 Aug 1989 14.3 95.4% 45 3.1% 14.8 13,3 9 9 i00,0%

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%

18 Auq 1989 1_.0 87,0% 43 3.3% 13.8 I_,7 8 , B 100.0%

Summary 14,2 94,9% 77 5.4% 17.0 12.7 154 154 100.0%

Gal 1 turn Flrsenide - IRT (Rats)

GaRs - 75 mg/m^3
]]ai ly Mean & Standard Deviation

From 28 5u1 1988 through 16 Flug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice}, From 25 Jul 1989 throuqh 16 Auq 1989

Summary Data For: GaAs - 0 mg/m'3 /Exhaust AiT Flow Range- 12.0 to 18.0Date Mean % Tarqet Sid Dev % RSD Maximum Minimum N N in % N in

25 Jul 1989 14,9 99,4% .05 .4% 15 0 14,9 6 6 100,0%

26 Jul 1989 14,2 94,9% .3 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 i% 16 2 18 1 9 9 1,00,0%

30 Jul 1989 16.I i07_7% 04 3% IB 2 16 1 9 9 100.0%

31Jul 1989 16.1 107,5% 04 2% 16 2 16 1 8 8 100.0%

i Aug 1989 16,I 107,4% 08 5% 16.2 15 9 9 9 100,0%

2 Aug 1989 15.9 105,9% 08 4% 16,0 15 B 9 9 100,0%

3 Aug 1989 15.0 99.7% 71 4 8% 15,9 14 4 9 9 I00.0%

4 Aug 1989 13,9 92.7% .07 5% 14.0 13,8 7 7 100,0%

5 Aug 1989 14.9' 99,1% ,44 2 9% 15.1 13.9 7 7 100.0%

6 Aug 1989 15.0 100.1% .04 .3% 15,1 15.0 8 8 100 0%

7 Aug 1989 15.0 !00.0% .06 .4% 15,1 14.9 8 8 100 0%

8 Aug 1989 15.0 100,1% .08 .5% 15.1 14,9 8 B 100 0%

9 Aug 1989 14.9 99.6% ,30 Z.0% 15.2 14,2 8 B 100 0%

i0 Aug 1989 t5.1 100.5% ,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._ 14 9 7 7 i00.0%

15 Aug 1989 14.9 99.6% .06 .4% 15,1 14 9 7 7 100,0%

!6 Auq 1989 14.0 9_1% _0 4_ _5.0 _$ 6 8 8 100.0%

Summary 15.2 101.1% .69 4.6% 16.2 13,6 182 182 100.0%

Gal 1 ium Rrsenide - IRT (Mi ce)GaFfs - 0 mg/m"3

Daily Mean & Standard Deviation

From 25 Jul [98El through [B Rug [989
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Daily Summation For Gallium Arsenide - IRT IiMice} ,,From 25 Jul, 1989 throuqh 16 Auq 1989

Summary Data for: GaA_,- i0 mg/m'3 /Exhaust Air Flow Range= 12.0 to 18,0

Date Mean % Tarqet Std Dev % RSD Maximum Minimum N N in % N in W
25 Jul 1989 15.4 102,5% 17 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 1989 13,6 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%

31Jul 1989 14.2 94,4% 07 ,5% 14,3 14.1 8 8 100.0%

I Aug 1989 14,2 94,5% ,08 ,8% 14.3 14.0 9 9 100,0%

2 Aug 1989 14.2 94.9% ,16 1,1% 14,4 14,0 9 9 100,0%

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 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 1989 _,4.7 98,2% 27 1.8% 15.3 14.5 8 8 100.0%

8 Aug 1989 14.B 97,5% 49 3.4% 15.1 13.9 8 8 100,0%

9 Aug 1989 14.8 98.6% BO 4.1% 15,7 13.8 9 9 100,0%

lO 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.B 14.4 7 7 100.0%

15 Aug 1989 14.2 94.8% .39 2.8% 14;5 13.5 7 7 100.0%

15 Auq 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 Rrsentde- IRT (Mice)

GaRs - IB rag/m^3 O
Dall X Mean Ik Standard Deviation

From 25 Jul lS89 Chrough |6 Rug 198S
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Daily Summation For Gallium Arsenide - IRT (Mice) _rom 25 Jul 1989 throuqh 16 Auq 1989

Summary Data fDr: GaAs - 37 mg/m'3 /Exhaust Air Flow Range- 12,0 to 18,0

Date Mean % Tarqet Std Dev % RSD Maximum Minimum N N in % N in

25 Jul 1989 13,9 92,9% l.O0 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 I% ,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 9 100,0%

30 Jul 1989 13,4 89 4% ,65 4,9% 14,2 12,3 9 9 100 0%

31Jul 1989 13,6 90 8% 32 2.4% 13,9 13,2 8 8 100 0%

1 Aug 1989 13.5 90.1% 31 2,3% 13.9 12,8 9 9 i00 0%

2 Aug 1989 13,8 91.9% 47 3,4% 14,2 13,1 9 9 100 0%

3 Aug 1989 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 12.9 7 7 i00 0%

5 Aug 1989 14 9 99.4% 1 08 7 2% 16.3 13,4 8 8 100,0%

B Aug 1989 14 7 98.2% 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 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 i% 15 4 12 9 9 9 100,0%

10 ,Aug1989 13.B 90.8% .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 1989 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 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%

_6 Auq 1989 14,0 _3.1% ,65 4.5% , ,_4.5 _,9 8 8 100,0%

Summary 13,8 91.8% .67 4,9% 16,3 12.3 184 184 100,0%

Gall ium Flrsenide - IRT (Mice)

Galls - 37 mg/m ^3

Daily Mean & Standard Deviation

From Z5 Jul 1989 through IS Rug 1989
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Daily Summation For Gallium Arsenide - IRT (Mice) From R5 Jul 1989 throuqh IB Auq 1989

Summary Data for: GaAs - 75 mg/m'3 /Exhaust Air Flow Range= 12,0 to 18,0

Date Mean _ Tarqet Std Dev % RSD Maximum Minimum N _ _n % N in

25 Jul 1989 14,7 98.1% .86 5,8% 15,3 13,3 6 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, _3,9 8 8 100,0%

28 Jul 1989 13 8 92.0% ,33 2,4% 14,6 13,6 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 ,8% 13,8 13,6 9 9 100.0%

31Jul 1989 14 1 93 7% 46 3,3% 14,5 13.5 8 8 100,0%

i Aug 1989 14 1 94 i% 51 3 6% 14 B 13,2 9 9 i00,0%

2 Aug 1989 14.6 97 7% 85 5 8% 15 4 13.3 9 9 100.0%

3 Aug 1989 14.4 96 I% 65 4 5% 15 4 13,2 9 9 100,0%

4 _"g 1989 14,1 93 9% 72 5 i% 14 7 13.2 7 7 100,0%

5 Aug 1989 15.0 100 i% I 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 B 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 I% 58 4 0% 14 7 13,2 8 8 100.0%

.I Aug 1989 14.3 95.4% 45 3 I% 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%

IB Auq 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%
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Study; GaAs IRT
Month/Year: Jul/Aug, 1989
Page: 1

EXPOSURE OPERATION DISCUSSION SHEET

INCLUDES DISCUSSIONS AND]OR EXPLANATIONS 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.

- .//
CHAMBER CONCENTRATION

o

DATE DISCUSSION OR EXPLANATION

O 7/25 27/89 No concentration excursions.

7/28/89 37 rng/m 3 chtunber; 8:11. Critical low limit exceeded, A concentration of 25,9 mg/m 3 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 simultaneous HP16
prestart chacks and HP85 RAM zero checks.

7/30/89 37 mg/m 3 chamber; 9:26. Critical high limit exceeded. A concentration of 48.2 mg/m s 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 concentration excursioo,c

8/1/89 No concentration excursions,

8/2/89 37 mg/rn 3 chamber; 10:27. critical high limit exceeded. A concentration of 54.5 mg/m 3 was
recorded. A reading at 1¢):28indicated normal chamber concentration. This transient resulted in
a %RSD of 13% for the day for that chamber.

8/3/89 No concentration excursions,

8/4/89 37 mg/m 3 chamber; 12:57. Critical high limit exceeded. A concentration of 52.1 mg/m 3 was

O recorded. A manual reading taken at 12:05, al'mr the automatic RAM cycle, was witin acceptablelimits. The %RSD for the day for the 37 rng/rn 3 chamber was an acceptable 13%.
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Study: GaAs IRT
Month/Year: Jul/Aug, 1989
Page: 2

8/5/89 37 mg/m3chamber; 12:01. Critical high limit exceeded, A concentration of 133 mg/ma was O
recorded, Subsequent readings were 61.3 at 12:02,47.1 at 12:03 and 39,6 at 12:03, (Two
readings at 12:03, -30 seconds apart), This rapid decay is probably indicative of a piece of
material entrained in the RAM sample line and valve system. Most excursions oc,curring within
the chamber have a longer duration. The mean concentration for that chamber was 117% of
target with an RSD of 69%.

10mg/m3 chamber; 11:09, Critical high limit exceeded. A concentration of 15,1 mg/m3was
recorded. Subsequent readings were within acceptable limits.

8/6-8/89 No concentration excursions.

8/9/89 75 mg/m3chamber; 13:04. Critical high limit exceeded. A concentration of 105 mg/m3was
recorded. A manual reading at 13:07 was within acceptable limits, This excursion was likely
due to the release of some material from the Air-Vac pump supplying the chamber, The RSD
was an acceptable 13% for that chamber.

8/10/89 1.0 mg/m3chamber; 13:31. Critical high limit exceeded. A concentration of 1.52 mg/m3was
recorded. A manual measurement taken at 13:33 indicated normal concentration again. The
%RSD for the chamber was 17%,

8/11 - 12/89 No concentration excursions,

8/13/89 75 mg/m3chamber; 9:51. Critical high limit exceeded. A concentration of 101 mg/m3was
recorded. Other exposure chambers exhibited increased concentrations suggesting that the
distribution line concentration was elevated. Manual measurements at 9:54 indicated ali
chambers within normal limits.

O37 mg/m3chamber; 12:55. Critical high limit exceeded. A concentration of 48.9 mg/m3 was
record.ed. Manual readings at 12:58 indicated normal concefiixationin the chamber.

The %RSD vNues for ali chambers were within acceptable limits, with a ma_timumof 14% for
the 75 mg/m3 chamber.

8/14 - 15/89 No concentration excursions.

8/16/89 37 mg/m3chamber; 13:17. Critical high limit exceeded. A concentration of 166 mg/m3was
recorded. This value likely represented the release of some material from the Air-Vac pump.
Manual measurements t'akneat 13:27 indicated a concentration of 42.5 rng/m3. It is important
to consider, also, the calibration curve for that RAM, A second-order polynomial is used with
the 75 mg/m3chamber defining the upper portion of the curve. Readings far in excess of 75
mg/m3are not as reliable, and in the case of this RAM where the curve is concave up, the
concentration is iikely tu_overestimate. Nevertheless, a relatively brief excursion occurred. The
%RSD for the day was 81% withan 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 studies.

Control chamber; 12:01. A concentration of 0.024 mg/m3 was recorded. This is slightly above
the MDL of 0.02 mg/m3and probably represents a slight drift in the zero offset voltage for the
RAM.
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Study: GaAs IRT
Month/Year: Jul/Aug, 1989
Page: 3

TEMPERATURE & RELATIVE HUMIDITY

DISCUSSIONOR EXPLANATION

7/25/89 Room; 17:32, Critical high temperature limit exceeded, A value of 77,4°F was recorded,
Chamber temperatures were within acceptable limits, No at.tion taken,

7/26/89 Room; 8:41. Cdttcal htgh temperature limit exceeded, A value of 77,5°F was recorded.
Chamber temperatures were within acceptable limits, Manaul measurements were also made to
see if a temperature imbalance could be discerned In the chambers (port 3B), Less than I°F
difference was found, The room alarm limitswere increased to 78,5°F for the remainder of the
day,

7/27/89 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 ali chamber temperatures
within normal limits,

7/28/89 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,

7/29 - 8/4/89 No Temperature or Relative Humidity excursions,

8/5/89 37 mg/m3ch,'u_ber; 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

O the temerature was inappropriate for the load of animals present. When the study was firstbrought on-line, there were only 10animals 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 chamb;_ air
temperature. The excursion has not been edited from the data, but the manual readings obtained
during the night while investigating the problem have not been included in the summary,

8/6/89 Room; 6:18. Critical iow temperature limit exceeded. A value of 65.4°F was recorded, Ali
chamber temperatures were within specifications. The room thermostat was increased by 1°,

8/7 - 16/89 No Temperature or Relative Humidity excursions,

CHAMBER FLOW & VACUUM
i'

DATE DISCUSSION OR,EXPLANATION

No Chmnber Air Flow ¢}rVacuum excursions,
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Chamber Uniformity Data
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Animal Health Screen Reports
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ARS RODENT HEALTH SCREEN REPORT

Lab no: S-II0

Investigator:Mast Animal/Shipment no: 890063
Study: Ga As - Teratology Date rc'd: 6/20/89
Building: LSL II Source: CR ROt

Room: 530 Species/Strain:Rat/CD
Date initiated: 7/10/89 Sex: M/F Age: BD 4/25/89

_: Ten rats (#1-5,males; 6-10, females) received for pre-
exposure health screen to include gross necropsy, nasopharyngeal
wash for culture, serology and histopathology

Gross Necropsy

3/10. Spleen Portions of spleL_ic capsule are thickened

and have rough appearance to surface (#i &
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

Sero,lo_y: Rat
0/i0 * Mycoplasma p__
0/I0 Sendai virus
0/i0 Pneumonia virus of mice
0/I0 RCV/SDAV
0/I0 KRV/HI

*Number of positive tests/number tested

Nasopharyn_eal culture

2/10 * Beta hemolytic streptococci, Lancefield Group G
(#8,9)

0/I0 Bordetella bronch_se_ica
0/i0 Citrobacter freundii

7/10 Coagulase positive staphylococci
0/I0 Klebsiell_ 9xytoca
2/10 Klebsiell_ pneumoniae(#2,10)

0/i0 Pasturella sp.
0/10 Pseudomonas _gruginos_
0/10 StreDtococcu_ pneumoniae
0/I0 Corynebacterium kutscheri

•Number of positive cultures/number cultured

¢_r@: Spleen Rat #5
Growth of Proteus mir_bilis from the broth culture

i D. 2
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_tooatholo_y
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 i0 cell diameters. (#1,2)
No microscopic lesions were seen in the
splenic sections submitted from #5.

I/I0 Hard.gl. Moderate inflammation, predominant cell
types are lymphocytes and macrophages; is
unilateral. (#6)

I/I0 Hard.gl. Occasional focus of necrosis with
associated inflammation (#8)

•Number affected/number examined

Correlation/Summary
Special stains have been ordered on the splenic lesions to

look for micro organisms. The yroteus 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_nce of sialodacryoadenitis virus (SDAV) or any other V

detected pathogen. Since the SDAV tests are negative, the
Harderlan 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 are approved for use in the Gallium Arsenide
Teratology study. Some follow-up on the splenic lesions at the
terminal sacrifice is recommended.

Released for Study on 7118/89.

Released from Quarantine on 7/18/89_( (-_ /2

Tech_o 1ogist Vet_ ri_ rian

' Mast
Brown

p. 2(S-II0)
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ARS RODENT HEALTH SCREEN REPORT

Investigator: Mast Lab no: S-II0 (Addendum)
Study: Ga As - Teratology Animal/Shlpment no: 890063
Building: LSL II Date rc'd: 6/20/89
Room: 530 Source: CR RC1

Date initiated: 7/10/89 Species/Strain:Rat/CD
Sex: M/F Age: BD 4/25/89

_: Additional histological stains were done on splenic

lesions as a follow-up on the pre-exposure health screen

HistoDatholo_y

2/10 * Spleen GMS stain: No organisms seen (#1,2)

Correlation/Summary

The etiology of the inflammation in the splenic capsule
remains unknown. Unless the inflammation becomes more extensivej

O it would not be expected to significantly affect the of an
health

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.

.oVe ,.arian

Mast,
Brown



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

r_: Blood specimen was received on rat _618 (control) at
necropsy for serologic testing

Serology: Rat
0/I * Myco9lasma p__
0/i Sendai virus
0/I Pneumonia virus of mice
0/I RCV/SDAV

0/I KRV/HI @
•Number of positive tests/number tested

Correlatlon/Su_ary
None of the tests were positive.

Mast
Brown

0.5



ARS RODENT HEALTH SCREEN REPORT

Lab no: S-150
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:8/16/89 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 * My_oplasm_ _ulmon_
0/3 Sendai virus
0/3 Pneumonia virus of mice
0/3 RCV/SDAV
0/3 KRV/HI

0
• Number of positive tests/number tested

Correl_tion/Summary
None of the tests were positive.

Techno_ ogist inari an

Mast
Brown

D.6
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ARS RODENT HEALTH SCREEN REPORT

Lab no: S-147
Investigator: Mast Animal/Shipment no: 890063
Study: GaAs Teratology Date rc'_: 6/20/89
Building: LSL II Source: CR RO1
Room: 1428 Species/Strain: Rat/CD
Date initiated: 8/16/89 Sex: F Age: BD 4/25/89

_: 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.

P

_u!ture results: @

Spleen culture
Direct smear: 3+ cellular material

I+ PMN's
No organisms seen

Culture: Growth of a lactobacillus sp. out of the broth
only

CorrelatiQn/Summary
The lactobacillus is probably 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.

_ecEnolog_t---

Mast

D.7 @



ARS RODENT HEALTH SCREEN REPORT

Lab no: 5-151

Investigator: Mast , An_.mal/Shipment no: 890063
' 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

_: Blood specimens were received on rats #41 ,
379, 378, and 472 'at necropsy for serologic testing

_-r.Q__: Rat
0/6 * MycoDlasma
0/6 Sendai virus
0/6 Pneumonia virus of mice
0/6 RCV/SDAV
0/6 • KRV/HI

•Number of positive tests/number tested

Correlation/SummaryNone of the tests were positive.

Techn01_ogist

Mast
Brown

D.8
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ARS RODENT HEALTH SCREEN REPORT

Lab no: S-I09
Investigator: Mast Aniraal/Shipment no: 890064
Study: Ga As - Teratology [)ate rc'd: 6/20/89
Building: LSL II Source: CR RC3
Room: 530 Species/Strain: Mice/CD-i
Date initiated: 7/10/89 Sex: M/F Age: BD 5/i/89

Status: Ten mice (_l-_,69_ale; #_-_I0, female) for pre-exposure
health screen to include gross necropsy, nasopharyngeal wash for
culture, serology and histopathology

Gross Necropsy
No significant lesions

Naso_haryn_eal culture
0/i0 * Beta hemolytic streptococci
0/i0 Bordeteliah2__pl_
0/i0 Citrobacter
0/i0 Coagulase positive staphylococci
0/i0 Klebsiella oxytoca
0/i0 Klebsiella =ne_moa_ae
0/I0 Pasturella sp,
0/I0 Pseudomonas aeru_ir___
0/i0 _Dtococcus _neu_,,oni_@
0/I0 _Corynebacterium kutscheri

•Number of positive cultures/number cultured

Serology: Mouse
0/i0 * Myco=lasma p_Imonis
0/I0 Sendai virus
0/I0 Pneumonia virus of mice
0/I0 Mouse hepatitis virus .
0/I0 GD VII virus
0/I0 Minute virus of mice

•Number of positive tests/number tested

HistoDatholo_.y

2/10 Liver Occasional tiny focus of hepatocellular
necrosis with associated inflammation
(#7,9)

I/I0 Lung Rare small focus of pneumonitis (#I0)

0.9
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Correlation/Summary

Liver lesions llke those described in 2 of the mice
examined are often seen in mice at the initial health screen at
BNW. The cause of those lesions has not been determined but
screening for pathogens has been consistently negative, In these
animals, serological tests, including those for mouse hepatitis
virus, have been negative, Special stains on liver tissue
sections have been ordered to lock for micro organisms. This
report will follow but findings are expected to be negative,

The lung lesion seen in one mouse is considered an
incldentalfindlng and not an indication of significant infection
or other disease.

Released for Study on 7/18/89.
I

Released fr°m Quarantine °n 7/18/__i' ' __

Tec_nologilst /V_e/inarian --

@

Mast
Brown

p.2 (S-I09)

D.IO



ARS RODENT HEALTH SCREEN REPORT O
I

Lab no: S-I12
Investigator:Mast Animal/Shipment no: 880064
Study: Ga As - Teratology Date rc'd: 8/20/88
Building: LSL II Source: CR RO8
Room: 530 Species/Strain: Mice/CD-I
Date initiated: 7/10/89 Sex: M Age: BD 5/I/8g

Ed_: Three prestudy mice rejected for study because of
apparent poor health status were submitted for examination to ARS
lab.

Gross NecroDs_
#I Bite wounds are evident; haircoat is rough, Large amount

of dry cheesy exudate in the subcutis extending along
dorsal mldline from between the eyes to base of tail,
I I/2 cm to 2 cm wide. Overlying skin is necrotic, There
appears to be erosion of bone overlying dorsal portion of
brain. See culture results,

Spleen is pale, enlarged.

#2 A 3cm diameter, roughly circular area over dorsal pelvis; di&
overlying tissue necrotic, purulent material in
subcutis(same as #I), bite wounds evident, See culture
results.

Spleen is pale, enlarged,

#3 Similar to #I & 2, i.e. rough halrcoat, bitewounds
apparent, enlarged spleen. See culture results. Right
preputial gland distended with purulent material.

Culture results:

#I B_bc_%im c_l_rel 4+ Group G beta hemolytic streptococcus
3+ coagulase positive staphylococcus
2+ Proteus sp,

#2 8_bo_%im Q_it_rel 4+ Group G beta hemolytic streptoccus
3+ coagulase positive staphylococcus

#_ |_b_%i_ _l%_rel 4+ Group G beta hemolytic streptococcus
3+ coagulase positive staphylococcus
2+ Proteus sp,

D.II



_orre iat ion/Summary

The lesions seen in these animals apparently originated aB
bite wou_'ds and were secondarily infected by Group G streptocci
and Bta_h. aureus, This can be avoide by single housing
sexually mature male mice,

Tec_nologlst , .

Mast
Brown

p,2 (S-I12)

D.12



ARS RODENT HEALTH SCREEN REPORT

Investigator: Mast Lab no: 8-109 (Addendum)
Study: Ga As - Teratology Anlmal/Shipment no: 890064
Building: LSL II Date rc'd: 6/20/89
Room: 530 Source: CR ROS
Date initiated: 7/10/89 Species/Strain: Mice/CD-I

Sex: M/F Age: BD 5/i/89

_: Additional histological stains were done on lung and
liver lesions as a follow-up on the pre-exposure health screen

HistoDathologz
2/10 Liver PAS stain: No organisms seen (#7,9)

GMS stain: No organisms seen (#7,9,)

I/i0 Lung PAS stain: No organisms seen (#I0)
GMS stain: No organisms seen (#i0)

*Number affected/number examined

Co rre iat ion /Summ_v_E
No pathogens have been associated with the lesions, The

lesions are presumably insignificant,

_'n_naT_.an
t

Mast
Brown

D.13 0
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ARS RODENT HEALTH SCREEN REPORT

Lab no: S-137
Investigator: Mast Animal/Shlpment no: 890064
Study: Ga As Teratology Date rc'd: 6/20/89
Building: LSL II Source: CR RC3

Room: 1428 Speoles/Straln: Mice/CD-I
Date initiated: 8/9789 Sex: F Age: BD 5/I/89

_X_: Ten female mice were submitted for serology testing at
the te_u_Inal sacrifice necropsy

_-_X_gx: Mouse i

0/I0 * Myco_l_ma _uln_,z_li_
0/I0 Sendai _,irus
0/I0 Pneumonl,a virus of mice
0/i0 Mouse h_patitls virus
0/I0 GD VII virus
0/i0 Minute virus of mice

•Number of positive tests/number tested

Correlation/SummarM

None of the tests for pathogens were positive,

_°o_oo_o__, ._°'°7*°*,,o 2/_-/j
Mast

, Brown
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Male Body and Organ Weights
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Inhalation Developmental Toxicity Study of Gallium Arsenide in Rodents:
CALENDAR OF EVENTS OF FEMALE RATS

Received rats (ARS#890063) 6/20/89

Health screen 7/10/89

Tail tattoo females 7/13 to 7/14/89

Released from quarantine 7/18/89

Weighed female rats 7/24/89

0dg (# positive) (A) 7/25/89 (33)

weighed, randomized, individually caged (B) 7/26/89 (48)
(B-dlst) 7/26/89 (36)

(C) 7/27/89 (41)

Moved to exposure room (4dg) (A) 7/29/89
(S) 7/30/89

(S-dist) 7/30/89
(C) 7/31/89

Exposure (6 hours/day; 7 days/week; 4-19dg) (A) 7/29 to 8/13/89
(B) 7/30 to 8/14/89

(B-dist) 7/30 to 8/14/89

(C) 7/31 _to 8/15/89

Weighed (4dg) started exposure (A-C) 7/29 to 7/31/89

Weighed (6dg) (A-C) 7/31 to 8/2/89

O Weighed (lOdg) (A-C) 8/4 to 8/6/89Weighed (14dg) (A-C) 8/8 to 8/10/89

Weighed (17dg) (A-C) 8/11 to 8/13/89

Distribution sacrifice (7dg) (B-distj 8/2/89

(14dg) (B-dist) 8/9/89

(20dg) (B-dist) 8/15/89

Teratology sacrifice (20dg) (A) 8/14/89
(B) 8/15/89

(C) 8/16/89

Virgins - exposed 8/i to 8/16/89

Selected and individually caged 7/24/89
Weighed and randomized 7/31/89

Weighed (exposure day I) started exposure 8/1/89

Weighed (exposure day 3) 8/3/89

Weighed (exposure day 7) 8/7/89

Weighed (exposure day Ii) 8/11/89

Weighed (exposure day 14) 8/14/89
Sacrificed 8/I 7/89

Fetal specimen exams completed 12/20/89

r_
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Inhalation Developmental Toxicity Study of Gallium Arsenide in Rodents:
CALENDAR OF EVENTS OF Mu_LE 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



Inhalation Developmental Toxicity Study of Gallium Arsenide in Rodents:
CALENDAR OF EVENTS OF FEMALE MICE

Received mice (ARS#890064) 6/20/89

Health screen 7/10/89

Tail tattoo females 7/11/89

Released from quarantine 7/18/89

Weighed female mi_e 7/20/89

0dg (# positive) (A) 7/21/89 (28)

weighed, randomized and individually caged (B) 7/22/89 (38)

(C) 7/23/89 (27 on study)

Moved to exposure room (4dg) (A) 7/25/89
(B) 7/26/89

(C) 7/27/89

Exposure (6 hours/day; 7 days/week; 4-17dg) (A) 7/25 to 8/7/89
(B) 7/26 to 8/8/89

(C) 7/27 to 8/9/89

Weighed (4dg) started exposure (A-C) 7/25 to 7/27/89

Weighed (6dg) (A-C) 7/27 to 7/29/89

Weighed (9dg) (A-C) 7/30 to 8/1/89

Weighed (!2dg) (A-C) 8/2 to 8/4/89
Weighed (15dg) (A-C) 8/5 to 8/7/89

O Teratology sacrifice (18dg) (A) 8/8/89

(B) 8/9/89
(C) 8/10/89

Virgins - exposed 7/25 to 8/7/89

Selected, randomized, and individually caged 7/20/89

Weighed (exposure day l) started exposure 7/25/89

Weighed (exposure day 3) 7/27/78

Weighed (exposure day 9) 8/2/89

Weighed (exposure day 12) 8/5/89
Sacrificed 8/8/89

Fetal specimen exams completed 10/23/89

E.4



Inhalation Developmental Toxicity study of Gallium Arsenide in Rodents:

CALENDAR OF EVENTS OF MALE MICE O

Received male mice (ARS#890064) 6/20/89,

Health screen 7/10/89

Tall tattoo males ' 7/11/89

Released from quarantine 7/18/89

Initiated breeding 7/20 to 7/22/89

Acclimated in exposure caging 7/23/89

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 8/18/89

sperm evaluation

0
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Reproductive Measures and Fetal Data
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, STUDY PROTOCOL

Inhalation Developmental Toxicity Study of

Gallium Arsenide in Mice and Rats

Submitted to"

Dr. Bernard Schwetz

Dr. Richard Morrissey

National Toxicology Program
National Institute Environmental Health Sciences

Research Triangle Park, NC

Submitted by:

Dr. Terry! J. Mast

Battelle -Pacific Northwest Laboratory

Richland, WA 99352

June 26, 1989

F.2



T . TITTJE .......................................................... I A

W
II • INTRODUCTION .................................................. 1

III. SPONSOR AND SPONSOR'S REPRESENTATIVE .......................... 1

IV. TESTING LABORATORY ............................................ 2

V. PROPOSED SCHEDULE OF EVENTS .................................... 2

VI. TEST SYSTEM ................................................... 2

VII. EXPERIMENTAL DESIGN AND DOSE LEVELS ........................... 3

VIII. TEST SYSTEM HOUSING, HANDLING AND ENVIRONMENTAL CONDITIONS .... 4

IX. TEST ARTICLE ................................................... 8

X. DESCRIPTION OF INHALATION EXPOSURE SYSTEM .................... I0

XI. EXPERIMENTAL OBSERVATIONS .................................... Ii

XII. PROPOSED STATISTICAL METHODS ................................. 13

XIII. RECORDS RETENTION ............................................ 13

XIV. OTHER SPECIFICATIONS ......................................... 17
A

XV. HEALTH AND SAFETY ............................................ 17 Q

XVI. APPROVAL BY PNL ............................................... 18

XVII. APPROVAL BY NTP 18

XVIII. AMMENDMENTS/REVISIONS ........................................ 18

F3 O



G_LLIUM ARSENIDE '" STUDY PROTOCOL " ' ' OB-DT-IF2I-'Z246 '

MOUSE AND RAT TEKATOLOGY Page: 1 of 18

INHALATION DEVELOPMENTAL TOXICOLOGY STUDY PROTOCOL

GALLIUM ARSENIDE

T. _.

TERATOLOGY STUDY OF GALLIUM ARSENIDE IN MICE AND RATS

II . INTRODUCTION

Gallium arsenide (GaAs) is a czystalline compound with semiconductor

properties that is being used extensively in electro-optical devices,

microwave telecommunication systems, and computers (Table I) .

This study will determine the potential for inhaled GaAs to cause
developmental toxicity in the CD (Sprague-Dawley) rat and in the CD-I

(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 I. Summary of Physical and Chemical Properties Gallium Arsenide

Synon_: gallium monoarsenide MW: 144.64
Molecular Formula: GaAs CAS No. : 1303-00-0

Melting Point: 1238°C RTECS No. : LW8800000

Solubility: soluble in 0.I M phosphate buffer, pH 7.4

Dark gray crystalline solid with a metallic sheen
TLV: None established

III. SPONSQ_ AND SPONSOR'S REPRE SENTATI_

A. Sponsor:

National Institute of Environmental Health Sciences

National Toxicology Program (NTP)
P.O. Box 12233;

Research Triangle Park, N.C. 27709

B. Sponsor's Bepresentatives:

Dr. Richard Morrissey
Dr. Bernard Schwetz

F.4
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MOUSE AND RAT TERATOLOGY Amended Page: 2 of 18

IV. TESTING LABORATORY

A.

Battelle - Pacific Northwest Laboratory (PNL)

P.O.Box 999; Richland, Washington 99352

B. Principle Investiuator:

Dr. Terryl J. Mast

V. PROPOSED SCHEDULE OF EVENTS (THIS PROPOSED SCHEDULE MAY BE

ALTERED. ALL CHANGES WILL BE APPENDED TO TEE PROTOCOL. )

z/xa
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 a: [_,,j"_3/_nv_ _J_,,_,/_9

7/20/89 7/24/89] &A

G. Initiate exposure; dg 4a : [q-/q-_/4_9 9_-i_7_89

7/25/89 7/29/89] &A

osure a [9-_ 1_nH. Complete exp : _/_,_

8/7/89 8/13/89] &A

I. Initiate necropsy a: [0/1/89 n,_v, ,/09
8/8/89 8/14/89] &A

J. Complete fetal specimen evaluation: [.i-0/1/09 12/15/89] &B i

K. Submit draft report: [ll/l"_9'n 3/1/89]&B
g

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.

Vl. TEST SYSTEM

A. _ mice and rats

B. Strain:

Mice: CrI :CD-I (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. _.5

BATTELLE- PACIFIC NORTXWESTLABORATORY
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MOUSE AND RAT TEKATOLOGY Amended Page: 3 of 18

D. Age of An{mals Upon Arrival: Mice: 7-8 weeks

Rats: 7-8 weeks

E. Exper_mAntal Animals: 40 virgin female mice or rats will be randomly

selected and assigned to four dose groups (10/group) from the total

female pool (OB-DT-3BOB) . The remaining females will be available

for breeding.

[_ F.] &A Matin_ procedure: (ZB-DT-3BZD) The breeding females (mice, i0-

Ii weeks; rats, ll-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) .

[_ 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

Virqin 2 x i x 10 x 4 = 80

Total - 316-356

Note:There will also be [_-g 20] _A males per species in each exposure
chamber from the same shipment. These males will be used for a

sperm toxicity study [defined under a _cparatc protocol defined by

O Ammendment A. ]hA

V I I . EXPERiMEnTAL DESIGN L AND DOSE LE_rELS

A. Developmental Toxlcolocry 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 1B 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. 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 homogenized fetal tissue (whole).

&A Changed 7/24/89 by Amendment A.

F.6
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i. TissuQs will be analyzed at three time points during the study;
7, 14 and 20 dg. Three females per time point. W

O
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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 exposur_ group will be analyzed first. If no analyte is

present in these tissues then tissues fLom 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 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.

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, I0, 37, and 75 mg/m 3, 6 hr per day, 7 days per week.

D. Selection of AtmQsph_ric Concentrations: Exposure chamber

concentrations were selected by NTP based on results of the 14-day

repeated dose and the 90-day subchronic inhalation toxicology studies

of gallium arsenide conducted at PNL.

lE.Sperm Toxicity Study: Individually identified proven-breeder male

rats and mice will be exposed to gallium arsenide for 12 days to

e assess the short-term effects of galli_, arsenide exposure on themale 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, I0, 37,

and 75 mg/m 3 for rats and 0, I, I0, and 37 mg/m 3 for mice, 6 hours

+Tg0 per day, 7 days/week for 12 consecutive days. Exposures will

run from 8/5/89 through 8/16/89. Males will be weighed during the

week prior to exposure start and randomly assigned to one of four

exposure grou_>s using body weight as the blocking variable. Males

will be weighed on exposure day 1 and the day after their 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, killed by inhalation of CO2, 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 (ZB-TX.-3FZI) . 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 solution for 24 hours then

transferred to 70% ethanol. PAS-stained slides will be prepared for

F.8
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shipment to NIEHS for histological evaluation by Dr. Robert Chapin at

NIEHS. ]'_A
i

VI I I, TEST SYSTEM _USTNG, HANDL_TNG AND ENyTRONMENTAL C!OND_TIO_S

A. Ouarantlne (%B-AR-3FZ3)

1. Animal shipping crates will be examined upon arrival l._or

evidence of conditions likely to permit exposure to pathogens

(soiled, wet or otherwise damaged), i

2. The uncrating will be conducted at the door of the quarantine

room. While being removed from the crates the animali5 will be

examined by the staff veterinarian for evidence of shipping
stress.

3. The animals will be quarantined and acclimatized in tl_e LSL-II

Building for 3-4 weeks prior to the start of the study.

4. During the quarantine/acclimatization period the animals will be

housed by sex, approximately I0 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".

5. During the breeding period the aninmls will be housed in the

quarantine room. Males will be singly caged. Females will be

group housed. During the breeding hours (1530 to 0700 hfs), 1-4

females will be placed in the male's cage.

6. Room temperature during the quarantine and exposure periods will

be maintained at 75±3°F and relative humidity at [._i_

55±15%] &A, These measurements will be recorded at least twice

daily.

41, Added 7/24/89 by Amendment A.

&A Changed 7/24/89 by Amendment A.
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Ji
7. Twelve h4)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 Ifor pre-exposure health screening (OB-AR-3FZ2) .

They wil_L be examined by gross necropsy, histopathology and

nasopharyngeal culture for evidence of disease and the
presence of potentially pathogenic organisms.

9. The oliniLcal veterinarian will make a visual inspection of

the anin_Lls to be used in the study Just prior to their

release i.Pozthe study (documented on the

quarant i_%e/acclimat izat ion record).

I0. As an edited _creen for viral infection, i0 females will be

tested ai: PNL promptly after sacrifice for viral pathogens

(ZB-AR-3 _IR) .

II. Females not selected for the study or health screen will be

discarde!_ during the first exposure week. The disposition of

these fel_ales will be recorded on the Animal Disposition

Record and retained in the study files.
I
!

B. Exposure Chan_er Housing and Environmental Conditions

The exposure chamber floors will be closed throughout the exposure

and non-expo_lure periods, except during animal care procedures.
i

Exposure cha_ber temperatures will be maintained at 75 ± 3°F and

O relative hum_.dities at 55 ± 15%.

Air flow will. be maintained at 15±3 CFM and the chamber pressure

at approximately I" water negative with respect to room pressure.

C. F_ (ZB-AR-I}FZ5)

I. NTP pre-approved NIH-07 Open Formula Diet (pellets) from
Ziegler Bros., Inc., Gardners, PA will be used during the

quarantine/acclimatlzation periods and throughout the

duration of the experiment.

2. Feed will be provided ad libirum in slot feeders during the

experiment, except during exposure hours.

C.

i. Fresh softened water (ion exchange softener, Illinois Water

Treatmer_t Cor.pany, Model 2R-2240, Kockford, IL) will be

supplie_[ ad libitum at all times. The hardness of the water

will be checked approximately once every week. Records will

be fetal,ned 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 representative sample of animal drinking water from one of

the NTP study rooms will be analyzed for contaminants at

least ol_ce each calendar year (OB-AR-3BIS) .

F.IO
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D. Identification:

1. All animals, male and female will be individually identified

by tail tattoos (AIMS®, Inc., Pascatawny, NJ) during the
first weighing session (0B-AR-.3FZF).

2. Males used for breeding will be individually identified and

the identity will be used to maintain paternity records.

3, Cage maps (ZB-DT-3BZ3) 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 chamber number and exposure level. The

proposed arrangement of the exposure chambers in the room is

included in Figure 1.

E. Randomization: (ZB-DT-3BOB) Females outside the weight range of

mean ± 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).

F. Chamber. Caae. Feeder. and Automatic water Line Sanitatlo_

Procedures

(NOTE: Due to the Health and Safety concern of this chemical,

there will be special cleaning requirements.

1. Daily Sanitation Procedures (ZB-AR-3FZA)

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 (ZB-AR-3HOI, ZB-AR-3BZ3, ZB-AR-
3GZ1)

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 to 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.II
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Note: Developmental toxicology animals will be in the 10, 37, and 75 mg/m3 chambers.
Chambers 0.1 and 1.0mg/m3 will also be monitored.

Figure 1. Aerosol Exposure Complex Layout Showing Various Work Zones and the Areas
Designated for Entry, Exit, and Decontamination.
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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 b_

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. T_ST ARTICLE

A. Test Article

!. Chemical: Gallium arsenide

2. For_nula: GaAs

3. CAS No: 1303-00"0

4. MRI Lot No.: MZ51988, Batch 06

5. PNL Assigned Lot No.: 12248-123

6. Manufacturer: Johnson Matthey Inc. r

Eagles Landing

P.O. Box 1087

Seabrook, NH 03874

7. The vehicle control: Filtered air

8. Storage conditions: 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 into 27, 32 oz

jars. A nitrogen blanket

was introduced to each jar.

F I_
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B. Bulk Assay Procedure

I. 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 I00

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 98±1%.

2. PNL Assay Conclusions (OB-AC-3AIR) :

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 Schedule

i. 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. _

2. The stability of the test material in the generator hopper

was characterized prior to the start of the study.

3. 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

De repeated with occupied chambers following the initiation

of animal exposures.

D. On-Line Rea$,Time Aerosol Chamber Monitors (ZB-BE-3B3L)

Monitoring of galli_m arsenide aerosol within the exposure

chambers will be accomplished with Real-time Aerosol Monitors

(Model RAM-l, MIE, Inc., Bedford, MA).

F.14
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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 exposure 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-I 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. _ESCRIPTION OF I_HALATIQN EXPOSURE 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 I.

A. Environmental Monitorina

I. Air filtration: HEPA and charcoal filters 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.

2. 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 75±3 ° F with critical limits, <70 or >80 ° F.

Any chamber temperature excursion beyond the critical limits
will be recorded and alarmed automatically.

3. Relative humidity will be monitored by a single dew point

hygrometer 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.

4. 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 (15±3 CFM) with i

F.!5
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critical limits of <i0 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 te-_mination of the exposure. Gallium ar3enide

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 S 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 thisstudy with the animals in
the chamber.

'8. Particle size distribution of the aerosol in the exposure

chambers will be measured once during the study.

B. Effluent Treatment (OB-AC-3AIS) 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.

XI. _XPERIMENTAL OBSERVATIONS

A. Clinical Observations: (ZB-DT-3BZ3) Study fe_les 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 (OB-DT-3BZF).

B. 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 weigD_.d cn 0, 4, 6, I0, 14, 17, and 20 dg. Virgin

mice will be weighed on exposure days I, 3, 6, 9, 12, and at
sacrifice. Virgin rats will be weighed on exposure days i, 3, 7,

ii, 14, and at sacrifice.

C. Scheduled Necropsy (OB-DT-3BZG) : 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% C02, shaved, placed in plastic bags and taken

immediately to room 1428 for evaluation.
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I. 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 approximately 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 implantswill 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.(ZB-DT-3FZ2)

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. (ZB-DT-3FZ2)

D. Fetal Examination (ZB-DT-3BOG) :

I. 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

(ZS-SI-5EZ2). 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

(ZB-DT-3BZI). All carcasses, with and without heads, will be
double-stained and examined for cartilage and centers of

ossification (ZB-DT-3BZY) . 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. (ZB-HI-3GZg, ZB-DT-3FZ2)

F. Indices of Effects: The following parameters will be expressed as

mean ± STD, 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) i

F.17
=_TTELLE _ Pnr'F!C _,..T.,,,reT ,.....T...



GALLIUM ARSENIDE STUDY PROTOCOL OB-DT-IF2I-Z246

MOUSE AND RAT TEKATOLOGY Page: 13 of 18

Rats on 0, 4, 6, I0, 14, 17,and 20 dg (sacrifice)

• Weight of gravid uterus

• Maternal liver and kidney weights

• Extragestational weight and weight gain

• Number of implantation 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 of 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 i, 3, 6, 9, 12, and at sacrifice

Rats on exposure day I, 3, 7, ll, 14, and at sacrifice

• Virgin liver and kidney weights

XII. PROPOSED STATI ST TC/_ 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.

XI I I. RECORDS RETENTION

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 Records

I. List of PNL personnel participating in the study.

2. Name, address, and function of any outside consultant(s).

3. Record of removal of any individual from direct contact of

the test system due to illness.

B. _ealth and Safety Records (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 st_dy.

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 biological monitoring on

laboratory personnel (if applicable).

3. NTP Health and Safety package for gallium arsenide.

4. PNL biohazard protocols and PNL Health and Safety Plan.

5. Chemical specific health and safety training records.

6. Waste disposal records, i

7. Respiratory pro'Cection 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.

I0. Accident/injury reports for personnel involved in this study.

ll. NTP site visit reports, attention items and related

correspondence on health and safety.

C.

i. 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.
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O D. Test Material Recordsi. Test material identity records including manufacturer,

quantity, lot number(s) , purity grade and date(s) , etc.

2. NTP analytical contractor characte_"ization reports.

3. NTP analytical contractor bulk stability reports.

4. NTP analytical contractor shipment records (if available).

5. PNL test chemical receipt records.

6. PNL storage records including storage conditions.

7. PNL bulk analysis and degradation records.

8. PNL method development records.

9. Chemical exposure generation system description and

procedures.

I0. Chamber concentration monitoring records.

ii. Uniformity (chamber balance) records.

12. Generation and chamber degradation study records.

13. PNL test material inventory and usage records.

O 14. Records of shipment to NTP repository of any unused testmaterial.

15. Aerosol determination records.

16. Chamber concentration buildup, decay, and overnight

monitoring records.

17. Exposure generation operating parameter records.

E. Animal Records - Pretest

i. 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).

2 Quarantine records.

3 Pretest health screening records and animal health notebook.

4 Randomization records.

5 Animal identification records.

6 Written release records from clinical veterinarian.

7 Disposal of excess animals.
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8. Bedding type.

F. An{mal Records - On Test

I. Exposure room location and chamber layout records.

2. Chamber cage map.

3. Cage t)_e, rack type during study.

4. Cageboard type.

5. Type of watering system,

6. Body weight records.

7. Daily observation records

8. Clinical signs of toxicity records.

9. Serology data and reports.

i0. Inventory list of archived specimens

G. Feed

I. Feed tags with manufacturer, lot numbers and milling dates.

2. Feed analysis records as provided by NTP analytical contract

laboratory.

H. Water

1. Annual water analysis.

2. Weakly water hardness check (records will be nmintained in

builaing engineer and/or building manager's office).

I. Ouarantine Room, Exposure Koom, and Inhalation Exposure Chamber

I. 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 sununation

reports.

5. Airflow raw data and daily and monthly sunu_ation 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.
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J, _lljRelsvant Corr_spondencs

K.

i, Monthly Progress Report,

2, Special study reports (if any),

3. Incident reports (if applicable),

4, Final Report,

L. Internal Comnutez Gensratsd Forms and Tablss

I. Developmental toxicology results and statistical analyses,

2. Analytical chemistry results.

3. Exposure suite control center computer printouts,
l

4. XYBION printouts (if any),

XIV. OTHER SPECIFICATIONS

A. This study will be performed in compliance with the FDA Good

Laboratory Practice Regulations for nonclinical laboratory studies

(21 CFR 58)except where deviations are required by the NTP April,

1987 General Statement of Work and subsequent modifications.

B. 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.

C. A list of all relevant sandard operating procedures (SOPs) for

this study are present in Attachment I.

XV. HEALTH AI_ SAFETY:

PNL'S Health and Safety Plan (ZB-HS-3SIC) has been approved by NTP. In

addition, a respiratory program is instituted. This is supplemented by

using supplied-air respirators (ZB-.HS-3SI9) which will be worn by personnel

at all times when they are in exposure rooms and by having available sol-

contained breathing apparatus (ZB-HS-3SIA) for use when entering a room

under emergency conditions following a leak.
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J

XV_ , APPROVAL BY PNL

y .)4 , Date

Principle/Investigator

Qual{ty/Assuranc_ Auditor Date

XVII , APPROVAL BY NTP

Richard _. Morrissey, PhD J Date [ Q ' ....
Co-Study officer

,, ,,, - j

Bernard A. Schwetz, DVM, Ph_ Date

Co-Study officer

XVll I. AMM_NDM_NTS /R_V_S TONS

See the following page.

Q

F.23
BATTELLE - PRCIF'IC NORTHWEST LABORRTORY



GALLIUM ARSENIDE STUDY PROTOCOL @B-DT-IF21-0246

MOUSE AND RAT TERATOLOGY Page: 18 Continued

XV_ZZ. AMmND_NTS/REV_SIO_S

7/24/89 Amendment A:

Pg. 2: Section V. Change dates on schedule of events due to
l-week study delay.

Pg. 3: Section VI, Correct typing errors and definition of

sperm toxicity study.
Pg, 4: Section VII. Addition subsection defining sperm toxicity

study.

Section VII. Correct error in relative humidity.

2/5/'90 Amendment B:

Pg.2 Section V. Change dates on schedule of events to reflect

actual submission of study report.

11/29/90 Amendment C:

Attachment II, Pg. II-19! Figure 5. Correct error in ports and
RAM used for calibration purposes.
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e_V , TESTING LABORATORY ' r

A, Y._

Battelle - Pacific Northwest Laboratory (PNL)

P.O,Box 999; Richland, Washington 99352

B, PrlnciDl@ investigator:

Dr, Tetryl J. Mast

V PROPOS_,D SCHRDUL_, OF EVENTS (THIS PROPOSED SCHEDULE MAY BE

ALTERED. JiLL CHANGES WILL BE APPENDED TO THE PRO_!OCOL , )

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 proceduresa: 7/13/89 7/17/89

G. Initiate exposure; dg 4a: 7/18/89 7/22/89

H. Complete exposurea: 7/31/89 8/6/89

I. Initiate necropsya: 8/1/89 8/7/89

J. Complete fetal specimen evaluation: 10/i/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. TEST SYSTEM
m

A. _ mice and rats

B. _:

Mice : CrI :CD-I (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

F.25 4
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Battelle - Pacific Northwest Laboratory (PNL)

P.O.Box 999; Richland, Washington 99352

B. Principle Investiaater:

Dr. Terryl J. Mast

V. PROPOSED SC_DUT._ (gT EVENTS (TRIS PROPOSED SCXED_LE MAY BE

ALTERED. JKLL CBANGES W_LL BE APPENDED TO THE PROTOCOL. )
am_

A. Crder animals : 4/4/89

B. Animals arrive week of: 6/!9/89

C. Identification of females week of: 7/10/89

D. Health screen: 7/10/89

E. PresUart audit for GLP compliance: 7/10/89

F. Initiate breeding proceduresa: [7/13/3_ 7/17/09
7/20/89 7/24/89] &A

., &._. %_ .iG. initiate exposure; dg 4a: [7/10/_ _ 7/
7/25/89 7/29/89] &A

H. Complete exposure a : ...... ' ....
8/7/89 8/13/89] &A

!. Initiate necropsya: [_/i/_9 0/7/_
8/8/89 8/14/89] &A

J. Complete fetal specimen evaluation: 10/1/89

K. Submit draft report: !1/!i/89

L. Submit final report: 45 days after receipt of reviewers comments

aThese dates are for the first gestational group per species

(ges_ational group A), there may be up to five gestational groups.

Vl . TEST SYS T_-_M

A. _ .nuice and rats

Mice : Ct! :CD-I (ICR) BR;

Rats: Sprague-Dawley [Ct! :CD (SD) BR]

C. _umber ef __nima!_ and Su_-!ier:

Mice from Charles River Breeding Laboratories, Raleigh, NC.

Mice : 90 n_les

350 females

Rats from Charles River Breeding Laboratories, Raleigh, NZ.

Rats : 90 males

350 females

A

iA Changed 7124/89 by Ammen_ment A.
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D. Aae 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 (ZB-DT-3BZB) . The remaining females will be
available for breeding.

E. Matlng Procedure: (ZB-DT-3BZD) The breeding females (mice, 10-11

weeks; rats, ii-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 x 1 x 25-30 x 4 - 200-240

Distribution 1 x 1 x 9 x 4 - 36

_!rqin 2 _ 1 x 10 x 4 B 80

Total - 316-356

Note:There wil also be I0 males per species in each exposure chamber

from the same shi?ment. These males will be used for a sperm

toxicity study defined under a separate protocol.

VII. EXPERIMENTAL DESIGN AND DOSE LEVELS

A. Developmental 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. 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 ho_ogenized fetal tissue (whole).

- i. Tissues _'ill be analvzed at three time points during the

study; 7, L4 and 20 dg. Three females per time point. W

F.27
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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 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. If 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.

4o 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. ExpQsure _eqimen: Exposure concentrations of gallium arsenide

_;ill be 0, I0, 37, and 75 mg/m 3, 6 hr per day, 7 days per week.

D. Selection of Atmospheric ConcentratioDs: Exposure chamber

concentrations were selected by NTP based on results of the 14-day

repeated dose and the 90-day subchronic inhalation toxicology

studies of gallium arsenide conducted at PNL.

VIII. mST SYSTEM HOUSING. HANDLING AND E_VIRONMENTAL

CONDITION S
A. Ouarantine (ZB-AR-3FZ3)

I. Animal shipping crates will be examined upon arrival for

evidence of conditions likely to permit exposure to pathogens
(soiled, wet or otherwise damaged).

2. 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.

3. The animals will be quaz_ntined and acclimatized in the LSL-

Ii Building for 3-4 weeks prior to the start of the study.

4. During the quarantine/acclimatization period the animals will

be housed by sex, approximately I0 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".

5. 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.

6. Room temperature during the quarantine and exposure periods

will be maintained at 75±3°F and relative humidity at 50±15%.

_ These measurements will be recorded at least twice daily.
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VA_tA_

7,_o,, PORT1 2 3
Fr.TtR

Not 75 *37
_ 1 Used mg/m^3 mg/m^3RAM

AEROSOL
MONITOR ' '

1 . _.-,., < 2 Room 10 37
L 7 r_._ L.,, _ mg/m^3 mg/m^3
_. , FOUR-WAY I.J.-

,,_LEL,_ _ "_1_'_ _'_

/ 3 o ,x.0 ,o.1
=_rrRotc.,m_ _ mg/m^3 mg/m^3 mg/m^3

* Monitored for calibration procedures only.EXPOSURE EXPOSURE
_HAHBER CI_HBER

Figure 5. Schematic of the Exposure Chamber Concentration Monitoring System.
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O STANDARD OPERATING PROCEDURES
FOR DEVELOPMENTAL TOXICOLOGY STUDIES

DEVELOPMENTAL TOXICOLOGY

ZB-DT-3BZ3 Cage Location Maps and Daily Observations

ZB-DT-3BZB Randomization of Animals

ZB-DT-3BZD Rodent Mating Procedures ..

ZB-DT-3BZF Necropsies of Dead or Moribund Animals

ZB-DT-3BZG Developmental Evaluations for Teratology Studies

ZB-DT-3BZI Exam/nation _of Fetal Heads Fixed in Bouin's Solution

OB-DT-3BZY Examination of Double-Stained Fetal Rat and Mouse Skeletons

ZB-DT-3FZ2 Shipping Developmental Toxicology Materials

ZB-HI-3GZ9 Operation of Sealer

ZS-SI-5EZ2 Macintosh Weighing Programs

ZS-SI-3EZ3 Data Transfer from Macintosh to VAX Using MacTerminal

O ANIMAL FACILITIES

ZB-AR-3BZ3 _Handling and Changing Out Exposure Chambers and Cage Units

ZB-AR-3BZ8 Handling Escaped Small Animals

ZB-AR-3B@G Barrier Procedures for LSL-II Animal Facility

OB-AR-3BIR Pathogen Monitoring

ZB-AR-3BIS Monitoring for Bacterial Contamination in Animal Drinking
Water

ZB-AR-3FZ2 Pre-Exposure Health Screening of Rodents

ZB-AR-3FZ3 Quarantine of Animals

ZB-AR-3F_5 Management of Animal Feed

ZB-AR-3FZA Daily Care of Bioassay Animals and Cleaning of Exposure Rooms

ZB-AR-3FZF Rodent Identification by Tail Tattooing

ZB-AR-3GOI Pre-Cleaning Equipment and Operation of Cage-Bottle and
Rack W&shers

ZB-AR-3GZH Rodent Weighing using Toledo 8142 Automatic System

ZB-AR-3HZI Bi-Veekly Deep Cleaning of Exposure Rooms and Occupied Animal
Roo'ns
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INHALATION EXPOSURE AND BIOENGINEERING Q

ZB-BE-3BIX Relative Humidity Determination Via Use of Dewpoint

Hygrometer

ZB-BE-3B24 Inhalation Exposure Chamber Balance

ZB-BE-3B3H Build-up and Decay and Overnight Concentration, Monitoring

ZB-BE-3B3L Operation and Calibration of the RAM Sampling System For
Aerosol Studies

ZB-BE-3B3Z Gallium Arsenide IRT Exposure System Daily Operating
Procedure

ZB-BE-3CZJ EG&G Hygrometer: Operation, Maintenance, and Calibration

ZB-BE-3CZL RTD Thermometer Calibration

ZB-BE-3CZV Calibration and Check of Chamber Airflow Using Digital
Anemometer

ZB-BE-3D06 Chamber Leak Test

ZB-BE-3DZE Exposure Suite QC, Maintenance, and Calibration

ZB-BE-3DZW Gallium Arsenide Exposure System QC, Maintainance and
Calibration

ZB-BE-3EZB Exposure Suite Data Analysis Program Operation W

ZB-BE-3EZE Exposure Suite Data Editing Program Operation

ZB-BE-3G04 Exposure Suite Routine Computer Operation

ZB-BE-3HZI Chamber Changeout and Cleaning Procedures for Aerosol Studies

ZB--BE-3SZ7 Aerosol Exposure Suite Entry and Exit Procedure

ANALYTICAL CHEMISTRY

ZB-AC-3AIR Bulk Analysis of Gallium Arsenide

ZB-AC-3AIS Gallium Arsenide_Analysis of Building Exhaust

ZB-AC-3CI5 Gallium Arsenide_Calibration of Chamber Monitor

,
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SAFETY

ZB-HS-3SI9 The 3M Brand W-2860 Hardcap, Continuous-Flow Air Line

Respirator

ZB-HS-3SIA Scott Presur-Pak II Self-contained Breathing Apparatus

ZB-HS-3SIB Bioassay Studies: Respiratory Protection Program

ZB-HS-3SIC Bioassay Studies: Health and Safety Plan

ZB-HS-3S21 Biohazard Protocol - Gallium Arsenide

ZB-HS-3S2J Procedures for the Use of the Glove Box When Generating
Aerosols for .Inhalatiox_ Studies

ZB-HS-3S2K MSA Ultraview Duo-Flow Supplied Air Respirator

ZB-HS-3S2L Engineering and Achninistrative Controls in the Aerosol

Complex

NTP PROJECT OFFICE

ZB-QA-3EZA Filling Out Data Sheets

ZB-gA-3EZ6 Data Handling and Storage of NTP Study Documents and
Materials

0
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INHALATION EXPOSURE SYSTEM DESCRIPTION

i, E.XWOSURECHAMBER

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
et al., 1982) and now commercially produced by the Harford Division of Lab l:h'oducts, Inc.,
Aberdeen, 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 m 3 with an activemixing 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 whichare offset from each other and from the chamber walls (Figure 1). Drawer-like
stainless steel cage units composed of inct_vidualanimal 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 thecharnber 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,eclewed 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 et al. 1981).

II. EXPOSURE SUITE SYSTEM DESCRIFrION

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 relative 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.

Ali experimental protocols related to the data acquisition and control system (such as data channel
assignments, monitoring frequencies and alarm semngs) reside 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 Systems (CDS) Model 53A-
IBX Intelligent Interface System (IIS).

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.

O
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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 fliP 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 anaiyze.d and a summary is printed. This summary includes the
the mean, standard deviation, % relative standard deviation, maximum, minimum, and number of

measurements for each set of data for the 24-hour peri,'od. A second printout provides a table of
outliers (i.e., ali data points which are beyond the mitlcal lirmts defined in the protocol). This

of in the data. A third printout lists all ofoutlier table allows rapid determination,, problem areas
the comments which were made to the Daily Log" over the 2,4-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-5EO 1. Maintenance of this system is detailed in SOP # IDB-BE-3D_E. The routine
operation of the system software and hardware is detailed in SOP # ¢)B-BE-3G04.

III. A_._L GENERATION AND MONITORING,

A. Aerosol Generati0n_andDeliver3/Sys.!em

The gallium arsenide aerosol generation and delivery system (Figures 3 and 4) is composed of
five basic components; a Battene-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
system is detailed in SOP# OB-BE-3B3Z. Maintenance and QC procedures are detailed in SOP#
OB-BZ-3D12.

1. .Flexible Brush Dust Feed Mechimi_m

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 ",hehopper 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. At regular 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. "FrostAir 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
until they are sufficiently reduced in size. Because of the hardness of the gallium arsenide test
material, we believe that little size reduction is actually occtming in the air mill, but rather only

deagglomeration of the particle fed from the flexible dust feeder. O
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3, Cyclone Separator

The size distribution of the bulk material, if it were dispersed as supplied, is such tha.tthe mass
median aerodynamic diameter (MMAD) would be beyond the limits prescribed by the NTP
Statement of Work. As pointed out above, the ']?'mstmill 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 oversi_d particles would result in
clogging of many portions of the distribution system, For these reasons, a cyclone separator is
includedinthesystem,A removablecupatthebaseofthedevicecollectstheoversizedmaterial
forproperdisposal.

4, C.__hargeNeutralizer

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 presenceof excess static charge on _e particles causes them to be atu'acted to the
walls of the delivery system resulting in reduced efficiency, lt 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 m 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,

_ "' 'bu' __5. _,eros_l _l._m nonSvstem

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/m 3 exposure chambers arc M1connected to the prim,a.,), distribution line.
Additional HEPA and charcoal filtered dilution air in the secondary distribution line reduces the
aerosol concentration for the lower concentratJon chambers, (The lower concentration chambers
will be used for calibration purposes only.) Ea,:h distribution line is terminated with a HEPA filter
to remove any excess material not used by the exposure chambers.

B. Monitoring System Descripti_on

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 950 by the particles traversing the sensing volume.
The instrument will respond to particles in the 0.1 to 20 p.m 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 "alterthe 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 _lection 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

O 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 take

appropriate action, O

Daily operating procedures for the RAM- 1 aerosol monitoring systems are contained in
SOP# OB-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 wil! be obtained eoncun'enfly with grab samples.

For each RAM, a calibration curve of best-fit will be derived, For tile 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 pl'oper zero reading will be verified for each
sampling port for each RAM. Prol_r operation of the RAM-1 monitors throughout each exposure
day will be further aided by monitonng either the room or the control chamber with each
instrument. 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 #OB-AC-3C19.

The uniform distribution of the test chemical in the chamber was demonstrated in the repeated
dose and subchr0nJc studies. Chamber uniformity measurements will be checked after the start of IIF
the study (SOP #OB-BE-3B24 and ¢IB-BE-3B3H).

C. Aerosol Exposure Compl_x Safety Procedur_,s

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
protec.tive devices have been implement.cd to ensure max&nal personnel protection and minimal
potenual for the spread of gallium arsemde dust throughout the work environment.

1. Safer3' Consider_tions

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
R , * • ,tom 404 of the Aerosol 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 cm'tains 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 de._-u-lbedin 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 expostu'e 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 g',dlium arsenide will be generated using a flexible-brush dust feed
mechanisrn. Ali of the generation equipment is contained within a ventilated, HEPA-filtered
glovebox with an airlock passttu'ough located in the Suite Control Center, room 307 (Figure 6).
Standard operating procedure BNW SOP #OB-HS-3S2J discusses the use of the glove box when
generating aerosols for inhalation studies.

Standard operating procedure BNW # OB-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, lt 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
exposure 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 aerosol escaping from leaks, A HEPA fl!ter at the end of each
distribution duct and each chamber exhaust duct will remove ali 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). Outer protective clothing.(see below) will
be removed in Zone E and placed m the interim waste container. The supplied.au' 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 ali
inner protective clothing (cotton coveralls and head cover, tennis shoes, socks, and underclothing)
and piace them in a plastic bag for transport to the change morn 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# OB-BE-3St217.

(3) Cleaning Procedures

Detailed procedures for chamber changeout and cleaning are covered in BNW
SOP #_73B-BE-3H(2}l.

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
morning 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 contamination of chambers.

Dirty catchpans will be removed from the chambers, wiped with damp paper towels and placed in
a catch 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
transferred 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 oi'
the exposure chamber will t.l'l..-nbe 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 piace. The doors of the clean chamber will then be secured and the slide l/
valve re-opened. The dirty chamber, with the ca_,ir_gin piace, will be moved to the wash area of
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the exposere room and washed. Cleaning will consist of misting with Triton-X solution followed
by a high pressure wash and clear water rinsc. The efficacy of cleaning procedures has been
tested during a similar study (gallium arsenide) by coll_g swipe samples for analysis by the
I-_lford Environmental Health Foundation. The results of swipe sampling performed during
other studies involving identical handling procedures a_ld 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 2 (predicted) to -0.6 gg/in 2.

(4) Other Administrative Controls

W_""_s performing duties 'n the test chemical exposure room are required touse MSA full-face,
;?ow, supplied-air respirators at all times. Entry to the aerosol exposure room is strictly

l:u,,rolled and access is limited specifically to those staff 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
l_rotective clothing and equipment. Those individuals entering the Dust Exposure Comr_lex are
required to wear, in addition to supplied cotton coveralls and sneaker shoes; outer disposable
"lyvek ® or KleenGuard ® coveralls, rubber shoe covers, neoprene gloves over latex, disposable
Saranex ® head shroud, and MSA full-face, supplied-air respirator. Ali cuffs must be sealed with

: tape to prevt, nt 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 chemical storage cabinet within Room 311. This
room is equipped with a fume hood, sink, and plumbed-in eyewash fountain.

The animal weighing scak;s will be dedicated to the gallium arsenide study and will be kept within
the exposure room. Com_,mication with the Xybion terminal will take place b, way of plugs
mounted through the exposure room wall. The Xybion termm_ 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 wit_ ,1_very of gallium arsenide
aerosol to the exposure chambers a_the termination of the st, ,miques developed for the
removal of asbestos-insu!ated _iping will be used. These tecru,_que_ include the use of glove bags
to encase the piping prior to chsassembly. Those items will be included irathe inven,ory of waste
matenais to be disposed of a: the Licensed hazardous waste facility.
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IV. CHAMBER ENVIRQNMENTAL CONTRQL AND MONITORING

A. T_mpemmre

Nearly all of the heat load contributed to the exposure chamber by the anir_s 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 temperanwe is maintained in the proper range primarily by controlling the room
temperature.

Temperattm_s of the exposure chambers and exposure room are measured by Resistance
Temperature Detectors (RTDs). The RTDs are placed in a representative location in each chamber
(a top sample port on the t_ackside). 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 re.corded automatically by the exposure system
executive computer. Temperatures are automatically recorded at regular intervals during each
24--hour day. Ali 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 # OB-BE-3COL) before the start of each study.

B. R_!a..tiv_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 dlh
building HVAC system. This air is evenly delivered to two ducts. Air from the first duct passes /w
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 located in the
Exposure Suite Control Center. Air from the exposure chambers is samp :d from a representative
location (a top port on the back side). A teflon falter is placed at the chamoer end of the sample
line if the test article is an aerosol. Samples of the air from each measurement location are
continuously pulled through polytetrafluoroethylene (PTFE) tubing to a central location in the
Expesure Suite Control Center. This assures a fresh sample at the dewpoint hy_ometer. Sample
air from a pazticul_,- 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 executive computer. RH is automatically recorded at regular
intervals d',ring the 24-hour day.

Once the :2 _point has been determined by the hygrometer, the RH is aatomatically calculated by
the exposure system executive computer using the dewpoir.t 'va!ue and the temperature (measured
simultaneously at the same location by the RTD system). The following equation is used for this

0
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_.91 - 2714.55 ]10 L(5/9)(T1- 32) + 293.3%RH= X 100

710 (5/9) (T2 - 32) + 293.3

Where: T1 = dewpoint temperature (°F)
T2 = drybulb temperature (oF)

Calibration of _he dewpoint hygrometer is established prior to the start of the study following
SOP # OB-BE-3B 1X. 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.

CharoN a"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 connx_l of chamber flow either by
computer or manually from the Exposure Control Center.

O Fine control of exposure concentration can be accomplishedby 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.

Cham_ 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 1213-18carrier demodulator, and a Validyne Model PM-12 digital voltmeter. The pressure
transducer is multiplexed to each chamber's flow orifice by valves remotely 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 until the leak is repaired. This system is sensitive to very small leaks which may cause an
imbalance oftest article concentration within the chamber.

Calibration of the flow orifices will be done before the start of the study following
SOP # ffIB-BE-3COV.

i,

D. Chamber Vacuum

_ ,t,_., u**_.L_*_o _ut_., t**a,t,a_._u,J_.,u al a au_lli, ll_,_d¥'_ .[..)l_bat.i/F,., k.Ulll_ia.tW.Al tO 1.115 1"OOi].-1 Iii Oil.ICl i.O I_LI.IdU_

, I_ 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 to 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. ANIMAL FACILITY AIR HANDLING SYSTEM

Supply air enters the building through two identical parallel air handling systems (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 theair conditioning system at about 53°F. The chilling
coils also dry the air to a dewpoint not greater than ,53°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 ,_k
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 humidity conditioning system from
the building air supply systems. 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 to remove
particles or vapors before exhausmlg from the building. Because the chamber exhaust system
has a separate fan, failure of one of the building exhaust fans will nnt prevent the continuation of
exposures.

VI. EXPOSURE SUITE ALARM SYSTEM

An extensive system of alarms has been incorporated into the exposure suite automated data
acquisition 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, file 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:

Critical low ............. . ........ 10 air changes per hour
Non-critical Low ................ 12
Non-critical High ................ 18
Critical High ..................... 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, "C if low
and ")" if high, next to the data on the daily 10g 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 chamber 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).

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 F,XHAI,JST WASTE TREATMENT

The exhaust from the exposure chambers is HEPA filtered to remove all particles which may
impede the valving system associat,-:,dwith 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 agafl
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 Environmental Health Foundation.

A
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VIII. DATA RECQRDINQ AND HA.NDLINQ

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 e_ch ex_):';t,re room are printed by separate thermal dot matrix printers (HP

,, "_ '_:, 'r, _ ' ' 'Model 2171G) or b3 ,!.a_,..!atprt, lters (HP Model 22.5A). Data are pnnted and stored lmme&ately
upon completion :}f,'ti:,e_,ieasumment to a Daily Log (example, Figure 9). Both the Daily Log and
the disks will be ma_,atmhed in the study f'des. The Daily Log will be considered the raw data.
The Daily Log includes the time of measurement, the measurement 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 alarm and status codes.

At the end of the day (24-hour period), the daily data are analyzed and three summaries 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 starmp 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 OB-BE-3EOB and OB-BE-3EOE.

IX. EQUIPMENT OR POWER FAILUREPROTECTION SYSTEMS

Power is provided to the B_,ttelle complex from two separate city. substations through an automatic
sv,itching 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 automatically 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 syst( 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 is on
duty 24 horn's/day, 7 days/week. If ale Power Operator is not authorized to correct the problem
that caused the alarm, he immediately calls the appropriate personnel of the prograrns affected.

J

I
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FRONT VIEW SIDE VIEW

Figure 1. Inhalation Exposure Chamber Designed at BNW.
Top: Oblique Cutaway View of the Chamber,
Bottom: Airflow Patterns.
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• Figure 2. Schematic Diagram of the Gallium Arsenide Exposure Suite.
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Figure 3, Schematic of Gallium Arsenide Aerosol Generation and Distribution System.
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Figure 5. Schematic ofthe Exposure ChamberConcentration Monitoring System.

New figure 11/28/90 by Amendment C,
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REGULATED CORRIDOR

I Shower Sealed ROOM

' Wasle Drum

_ ed

_ @ ©
O GaAs

IRT ,Study
I=
O _ ROOM
O = 303 0

.....' GaAs 408 ,,

, --_ [----] /_ O°°rROOM Sealed
307

i -1 o
a e_

8 ..... _.e
-I- ,, 0

1 I __ =n __ -- luam -- __ -- -

............... Pass-through ROOM
:!iii!ii!i!ii_e Port 412

_ =
_...... _,1

Sealed (_ Door',-,-; Sealed

oo ROOM
i:i:!:!.,i:i_: 331

i iiii -- -- ii i i lr -- __ -- --

K_ I
• C_ _ Air Flow Direction I

Traffl¢ Flow Direction II
Zones (Reter to Text)l

....I

Figure 6, Aeroso] E×posure Complex Layout Showing Various Work Zones and the Areas
Designated for Entry, Exit, and'Decontamination.
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Figure 7, Schematic Diagram of the Chamber Relative Humidity Control System.
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30 Nov 1988 Tetrafluoroe_hylene-_nic l_'ogru: 88.01 page 4
i

Time Data Origin Function Data iTarc/tl
t

[LR] TPE - 625 ppm -R/M -T90 Time Exp_red-_n_luding Cone Data
[LR] TPE - 312 ppm -R/M -Tg0 Time Expired-Xncludlng Conc Data

[LR] TFE - 625 ppm -R -Tg0 Time Expired-lncluding Conc Data
[LR] TFE - 312 ppm -R -Tg0 Time Expired-_ncluding Conc Data

[LRI TPE , 156 DD_ -R -T_ Time ExDired-lncludin_ Cone Da_
ii

08:17 Hewlett Packard 85B (Access Level: Specialist)

TFE - 1250 ppm -R/M-Cone Data Excluded-Data Time<Tg0 & Data<Target
ii llml iii

08:19 Hewlett Packard BBB (Access Level: SDeci_lis_}
TFE - 625 ppm -R/M-Cone Data Excluded-Da_a Time<T90 & Da_a<Target

ii

08:21 _ewlett Packard 853 (Access Level: Specialist)

TFE- 312 ppm -R/M-Conc Data Excluded-Data Time<Tg0 & Data<Target
i

08:29 TPE - 625 ppm -R ;Temperature OK( 74.3 F 99%
08:30 TFE - 1250 ppm -R/MJTemperature OKI 74.0 Y 99%

08:32 TPE - (332) Room Temperature OKI 69.3 F 96%

08:34 TFE - (332) Room Relative Humidity OKE 53.0 % 106%
08:37 TPE - 0 DDm -R Relative Humidity OK! 46.0 % ,, 84%

08:39 TFE - 0 ppm -R/M Relative Humidity OK( 47.0 % 85%
08:42 TFE - 156 ppm -R Relative Humidity OK( 48.0 % 87%

08:44 TFE - 312 ppm -R/M Relative Humidity OK( 49.0 % 89%
08:17 TFE - 1250 ppm -R/M GC#34-809569 OKE 6.760E+2 ppm 55%
08:IglTFE - 625 DDm -R/M GC_34-80_69 O}¢E 3.445E+2 _pm _

DS:211TFE - 312 ppm -R/M GC_34-809569 OKE 2.507E+2 ppm 81%

08:24 TFE - 0 ppm -R/M GC#34-809569 OK( 0.000E+0 ppm 0%
08:26 TFE - (332) Room GC_34-809569 OK( 0.000E+0 ppm 0%
08 29 TFE - 625 ppm -R GC_34-809569 OK( 5.874E+2 ppm 94%
08 31 _FE - 3_ _D_ -R GC_34-809569 . OK_ 2.854E+2 ppm 9_%

08:34 TFE - 156 ppm -R GC#34-809569 OK( 1.521E+2 ppm 98%
08:36 TFE - 0 ppm -R GC#34-809569 OKI 0.O00E+0 ppm 0%
08:40 TFE - Standard Gas-L GC#34-809569 OKE 2.8_0E+I ppm 20%

08:43 TFE - Standard Gas-H GC#34-809569 OK( 4.993E+2 ppm 100%
08:47 TFE - 312 DDm -R Relative Humid_y OK! 49.0 % 8_%

08:49 TFE - 625 ppm -R/M Relative Humidity OK( 48.0 % 87%
08:52 TFE - 625 ppm -R Relative Humidi_y OK( 47.0 % 85%

08:54 TFE - 1250 ppm -R/M Relative Humidity OKI 53.0 % 96%
08:54 TF_ - 0 ppm -R Exhaust Air Flow OK( 15.3 CPM 102%

0B B5 TPE - 0 DDm -R/M Exhaust Ai_ F_ow OK!_ 15.0 CFM I00_
08:55 TFE - 156 ppm -R Exhaust Air Flow OK( 14.6 CFM 97%

08:55 TFE - 312 ppm -R/M Exhaust Air Flow OK( 14.6 CFM 97%
08:56 TFE -, 312 ppm -R Exhaust Air Flow OK( 14.6 CPM 97%

08:56 TFE - 625 ppm -R/MiExhaust Air Flow OK/ 14.9 CFM 99|

08;56 %_ m 625 DDm -R Exhaust Ai_ F_ow O_ _5.B CFM 102%
08:56 TFE - 1250 pp= -R/M Exhaust Air Flow OE_ 14.8 CFM 99_

08:45 TFE - 1250 ppm -R/M GC_34-809569 OK( 1.212E+3 ppm 97_
08:481TFE - 625 ppm -R/M GC@34-809569 (OK( 5.594E+2 ppm 90_
08:50ITI_E - 312 ppm -R/M GC#34-809569 OK( 2.923E+2 ppm 94_
08:531TFE - 0 DDm -R/M GC_34-809569 _K_ 0.000E+0 DD_ O_

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)

DESCRIPTION OF COIvlPUTER"DAILY LOG" OUTPUT

The date, exposure name, program version and page number will be printed at the topof each page of the daily log

Column 1: Time -- time that measurement,was taken
Column 2: Location -- location of measurement (for example, chamber)
Column 3: Function - measurement function (for example, temperature)
Column 4: Data-

Alarm Code -- "(" Indicates data < non-critical low but > critical low alarm value
")" Indicates data > non-critical high but _ critical high alarm value
"<" Indicates clam< critical low alarmvalue
">" Indicates dam > 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 valid)
'T' Indicates datawill b_,included in summary
"E" Indicates datawill 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)

Column 5: Percent Target

F.56
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O
Summation for the File: Nov_03_88 Exposure: Tetrafluoroethylene-Chronic

ii

Exhaust Air Fl_w Mean % Tar_l Sid Der % RSD Maximum I MinimumlNu_ Xs

ITFE - 0 ppm -R 15.5 103% .09 1% 15.6 15.3 8.
TFE - 0 ppm -R/M 15.1 100% .05 0% 15.1 15.0 8.
TFE - 156 _Dm-R 14.6 _8_ ,0_ 0% i_,7 14,6 0,

TFE - 312 ppm -R/M 14.6 98% .03 0% 14.7 14.6 8.
TFE - 312 ppm -R 14.7 98% .05 0% 14.7 14.6 0.
TFE - $25 DDm -R/M I_,_ IQ_% ,05 Q% _,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% 15.0 14.8 0.

i iii i _ illii i

Vacuum }lean % Tar_ Sid Dev % RSD Mpxi_m Minimum iNum Xs
TFE - 0 ppm -R .9 94% .04 5% 1.0 .9 9.
TFE - 0 ppm -R/M! 1.0 98% .02 2% 1.0 1.0 9.

TFE - 156 DDm -_ .9 89% .01 _% i_ ,9 9.
TFE - 312 ppm-R/M .9 95% .01 1% 1.0 .9 9.

TFE - 312 ppm -R 8 79% .03 4% .8 .8 9.
TFE - 625 DDm -R/M .9 90% ,01 1% ,9 .9 9.

:TFE - 625 ppm -R .9 95% .03 3% 1.0 .9 9.
TFE - 1250 ppm -R/M i.I 108% .03 3% I.I 1.0 9.

i I iiii

Relative Humidi_v Mean % Tar_ Std Dev % RSD M_xi_m Minimq_ 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 B.

TFE - 156 DDm -R 51.2 93% 3.28 6% 56,0 47,_ 8.
TFE - 312 ppm -R/M 5.2.9 96% 6.83 13% 60.0 43.0 8.

TFE - 312 ppm-R 55.7 101% 4.68 8% 63.0 49.0 8.

TFE - 625 DD_ -R/M 54.5 _9_ 7.2_ _3% 62_0 _,0 8.
TFE - 625 ppm -R 52.4 I 95% 4.69 9% 59.0 46.0 8. g
ITFE - 1250 ppm -R/M 59.51 108% 8.25 14% 69.0 48.0 8.r |ii iiii

i

TemDerature _ean % T_ra _d Der % RSD Maximum Minimum Num Xs
TFE- (336) Room _9.9 97% .58 1% 70.6 68.9 9.

TFE - 0 ppm -R 75.5 101% .72 1% 76.6 74.7 9.

?_ - _ p_m -R/M 7_,0 10o% ,, ,76 I% 76,_ 7_._ 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 9.

TF_ - _12 _p_ -R 70.6 101% .65 _% ....76.4 v4._ 9.
TFE - 625 ppm -R/M 76.2 102% .57 1% 77.0 75.3 9.

TFE - 625 ppm -R 75.1 100% .67 1% 76.0 74.3 8.
TFE - 1250 DD -21_L_ , 74,6 100% .42 1% 75,_ 74.0 8.
TFE- (332) Room 69.5 96% .33 0% 69.9 69.0 8.

ii .... ] i iii I

GC_4-809569 . Mean % Tar_ S_d D_v % RSD Maximum MinimumlNum X|
TFE - (332) Room 0.OOE.0 0% O.000E+0 0% 0.OOE+0 0.00E+0 15.

TF_ - 0 ppm -R 0.00E+0 0% O.000E+0 0% 0.OOE+0 0.0DE+0 15

Y_- o _p_-_23Z_ o_.o0F+o o% o.oo0_+o o% I o.oo_+o o.o0F*o 15,
TFE - 156 ppl_ -R 1.53_+2 98% i 2.010E+0 i% [ 1.56E+2 1.49E+2 13

TF_ - 312 pp_-R/M 3.07_+2 98% 5.478E.0 2% i 3.13E+2 2.92E+2 12TFE - 312 DD_ -R _,_9E+2 I 99% 1.068E+I 3% 3,21E+_ _85E+2 13 1
ii i '' i

Figure 10. Example of 24-Hour "Data Summation" Printout from the Data Acquisition
and Control Computer. (Dam are organized by data type.)
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Outlier Table for the rile: Nov 21 88 Exposure: Acetonitrile
,,, ....

OriGin IDs_rumen_ Time Da_a Lower Target ! Hi_her

Aceto - 0 ppm-M Relative Humidity 10:14 33.0 35.0 55.0 1 75.0
, ..

Figure 11. Example 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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klly rAmm_t8 letrefleoreet_lmu,_mlc FI_e: Uov_O3_M Q

1_m Operator (:amNmt

07:51 Chaq)er Leak Check for TF[ - 156 ppm -R

07:51 Exhaust rla,_ 14,6 ]n_et rlo*_ 15,1 ( -34Y. _eak) . [ Acceptable ]

07:52 Chamber Leek Check fur Tr[ - 0 ppm-R

07:52 Exhaust FI_ 15,2 lMet Ir_o_• 15.6 ( -2.#3"/. leak) [ Acceptable ]

07:52 k11 Chambers have been found ACC[PIABL[.

08:0| Hewlett Packard 85B Tr[ - Stander_l £_a-H-Conc D_ta (xcluded-Expo_u1"e Not Running,

08:04 HPBSBfouf14:lParmmters Okay & Reedy for Exposure Start.

08:14 Hew)eat Packard 9016 [xpoaure Itmtn9 |tarred. _lm.T(O)]

08:15 TF[ Ch_ic - Hath DistribUtion Valve -Vaive Opened

08:15 [LR] TF[ C_mlc - 1250 P_ Ch_er Rats/Nice - Valve OI_H:i

08:15 [LR] TF[ - 1250 Pm -R/N -ON Exposu_-r_able Environ Dat, Collection

08:15 [LR] TF[ Chre_tc - 625 pcmChamber Rats/Nice - Valve Opened

0e:15 [LA] TF( - 625 Pm -RJH -ON f.xpesure-fnable Envtrml Data gollectto_

08:15 [LR] TF( Chro_tc - 312 lm Chamber Rata/Nice - V,lve Opened

08:15 [LR] TF( - 312 Pm -R/H -ON [xpoeurt-[nable [nvlroe Data Collectlo_

04b:15 [LP.] TF[ Chronic - 625 pm Chamber Rata - Valve Opened

08:15 [LR] TF[ - 625 Pm, -R -ON [xposurle-f.nable [nviron Dite Collection

06:15 [LR] TF[ Chronic - 312 Pm, ChemmerRat, - V,lve Opened

08:15 [LR] TF[ - 312 ppm-R -ON Exposure-Enable Environ Data Collection

08:15 [LR] TF[ Chronic - 156 pcmChamber Rata - Valve Opened

08:15 .' [LR] TF( - 156 ppm -R -ON Exposure-Enable Environ Data Collection

08:15 (LR] TF[ Chronic - Standav_l _a Valve - Valve Opened

08:27 [LA] TF( - 1250 ppe -RIH -Tgo ;tree Exptr_l-]ncludtng Conc Data

08:27 [LR] TFr - 625 ppe -RtH ,:T90 Time F.xptred-]nclu(Jlng gonc Data

08:27 [LA] TF[ - 312 ppe -R/H -Tgo Time [xpt_d-lnc_uding Conc Date

08:Z7 [LR] TFE - 825 ppm -R -Tgo Time [xpired-lnc_udtng ComcData

{)8:28 [LR] TF[ - 312 ppm -R -Tgo Time F.xpirld-lncluOIng Conc Data

08:28 [LA] TF[ - 156 Pm_-R -190 Time Expt_d-lnc_ud_ng Conc Data

08:17 Hewlett Packard 85B TFE - 1250 ppm-R/N-Conc Data F.xcluOed-Data T_me_T90I; Data<larger
08:19 TF[ - 625 ppm -R/N-Conc Data [_cluded-Dat.a Time_TgD & Data<Target

06:21 TF[ - 312 ppm -RIH-Conc Data Exc_ucled-Data T_me(T90 _, Data<target

10:25 G_ry R. Ell Service status upOatacl on GC concentration from data collected

10:25 11-02-88 gas bag samples.hD cor_ct_o_ neeDed.as per Ht,

10:25 RossI gnol,

10:26 Concentration Hent T.m'-Servt ce/Sea ius

10:26 [1, 1]TF[ - 1250 ppm -PJH $_v Date _as: 27 Oct 1988 is: 3 Nov 1988

10:26 [1, 2]TFE - 625 ppm -R/H Srr Date waz: 27 Oct 1988 _s: 3 Nov 1986

10:26 [1, 3]TF( - 312 ppm-R/H Srr Date _s: 27 Oct 1988 is: 3 Nov 1988

10:26 [1, 4]TF[ - O ppm -R/H Srr Date was: 27 Oct. 1988 is: 3 Nov 1988

10:26 [1, 5]TF£ - (332) RoomS_'v Date _aa: 27 Oct 1988 is: 3 Nov 1988

10:26 [1, 6]TF[ - 625 ppm -R S_'v Date was: Z7 Oct 1988 ts: 3 Nov 1988

10:26 [1, 7]TF[ - 312 ppm -R $_' Date waz: 27 Oct 1988 is: 3 _ov 1988

10:26 [1, 8]TFE - 156 ppm -R $_v Date waz: 27 Oct 1988 is: 3 Nov 1988

10:26 [1, 9]TF[ - 0 ppm-R S_v Date was: 27 Oct 1988 is: 3 Nov _988

10:26 [1,12]TFE - StanOard 6aa-H Srr Date waz: 27 Oct 1988 is: 3 Nov 1988

)4:27 H_lett Packa_l 9816 [LR] TFE Chmntc - kal. Distribution Valve - Valve Closed

14;27 F.xl:)oau_e_em_nated. Exposure tlme_s stopped.

14:27 _enerat.or valve already OFF'.

14:_7 [LR] TFE Ch_tc - 1250 p_mCi_mmer RatelNlc.e - Valve Closed

14:27 [LR] TFE - 1250 ppm-at/H -OFT £xposu_-Enab_e Envlro_ Dat_ Collecttem

Figure 12. Example of 24-Hour "Comment Summary" Printout from Data Acquisition and
Control Computer. (Table shows a summary of all comments recorded on "Daily
Log" printout.)
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PROJECT:_ NTP-IRT CHEMICAL: GALLIUM ARSENIDE

STUDY : TERATOLOGY CHAMBER: CONTROL8/5/89 to 8/7/89

ROOM : 4 04 DATE :

LEVEL 1

LEVEL 2

707

659

653
689

624 730_ _ ,
643

502 704
' ' 634

484 688

- 623 ......
466 489 .......

, " 618

437 468
i - 606

431 455 .... -

391 D_ 7 D157 "--_- 531

384 _ 5_ ON ....369 _'t_'/_") =rpRat •

Gr? B Gtp B Dist. LEVEL 3
Rats Rats

,J

LEVEL 4 ,. , -- '

__ 654 727
j .,

-- 638 620

560 592 __

.... _-- 536 588,,,, ,.,

302 - 530 582

e 181 330 --

177 " :_19 _ 523 , 547
1"13 315 266 13_ - 465 53z ,,,,,

140 290 =40 309 - 447 509
132 212 20= 276
126 190 186 194 372 482, _ --_

,, ,, ,42 ' 15,,? lSS 191 364 ,_17
22 154 44 188 Gtp C Virgin

2 4 9 I0 35 RatJ Rats

Virg Gtp E Gtp B Gtp C

Mice Mice Mice Mice LEVEL 5
, ,,,

LEVEL 6 __ , --_

1136 1177

- 1134 1170

1129 1168
,,,

1126 1158

1121 1153

10---3_-1076 _ 111._ 1152
1027 1075 1112 1145 __

1019 10"74 -- 1098 1143

1018 1073 -- 1091 1142

1016 10"58 __...

1015 10'53 1089 1140

1014 1052 Male Male

_008 1047 Rat• Rats

e 1003 1044
Male Male

Mi_- M_=, F, 62
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PROJECTL_. 'NT P- _RT CHEMICAL : GALLIUM ARSENIDE

STUDY: TERATOLOGY CHAMBER: I mg/m3

ROOM: 404 , DATE: 8/5/89 to ,_8/16/89
,,, pj_

LEVEL 1
r

LEVEL 2 , ,,

-- ' ' ' ' " i -- ''

,,

,

, ,,

,,

, , _

,,,,

, ,,

-- _--
,

LEVEL 3

i

,

LEVEL 4

, ,,.

,

- 1043 1078 _
,, 1038 1069 _

-- 'I029 1066

_ lO=_ _oT4 _,,

1024 1061

-- lO21 lO59 _
- lOO6 lO55
-- 1005 1048 _,,

.....__ 1004 1046 , __

Male Male

MioI Mi_e

, LEVEL 5

LEVEL 6 ..... -

--M
i

,. _,_

,,,,

, ,.
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PROJECT : NTP- IRT CHEMICAL : GALLIUM ARSENIDE

STUDY : TERATOLOGY CHAMBER: !0mq/m3 ,

ROOM: 404 DATE : 8/5/89 to 8/7/89,

LEVEL 1

LEVEL 2
o,

706

684

677 697,, , ,

665 694

633 664 679, ii
_,,

616 611 672
583 568 629L q

495 479 614 , ,

403 453 610

I ---'382 _D_ ',:,,t_o,,b;_r , 602 ..........

......
[ 36, A

Gz'p B Gtp ,B D_st. Rats
Rats Rats LEVEL 3

LEVEL 4 ,,,, , ,

,,

- 716 709

...... 656 632
i i

,, 649 625,,

......... 635 607
335 308 .....

,

325 278 597 486,,,,, ,,,

234 255 562 477, ,

( 22.8 297 250 318 480 429

195 254 182 292 '" 458 401
180 127 116 209 ........

130 120 :_8 1,76 , 443 379•,, , ,,,,,,

107 94 16 118 438 366
46 91 9 70

.... Gtp C VIEgin
_ 8 52 3 48 Rats Rats

Vi rg Gtp & Gtp B Gtp C
Mice Mi_e Mice Mice LEVEL 5

.....

LEVEL 6
,,,

..... 1119 1176
,,,

111_ 1174
,,,i- , , , l, , , , ,

.................. 1116 1171

...... 1102 1169

io,_1 ...... 11Ol 1164
i040 1071 1099 1161

1037 1068 1094 1144
1036 1067
1033 i063 1087 1137

i03'2 1060 1085 1135 "
,[ ,, i,, i

1028 ij56 1081 1130
1017 1051

, Male Male
i010 1050 Rats Rats
1009 1'049

M;le Male
M_c. Mice F.64

ENTS
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PROJECT : NTP- IRT CHEMICAL : GALLIUM ARSENID_

STUDY: TERATOLOGY CHAMBER: 37 mq/m3

ROOM: 404 DATE : _ 8/5/89 t_ 8/7/89 ,l,

LEVEL 1 I
, , _ --

LEVEL 2
J._.__

- "/21 ...... --

661 _ ,

650 _ .... -- ---
708

644 690 _
,,,, , ,,,, ,,

608 681 676 .....

- 599 680 617i-- , ' '

- ....... d 591
594 669 _ ..........

' 5'93 636 587, ,,
,,,

575 613 558 =i, i ,,

_ .. r D,,'7D,_. 543571 _--- - ,--_.._ ..__ _-j
381 _._¢ (;_ 525 ,

RaCi

Gc-p B GrID B DisC. ' LEVEL 3
Rats RaCa

,,, .......

LEVEL 4 ,,
683

'" i

, 652 728

" 639 703
i i Hl

i

626 658

.... 598 657
, ..,...._ ,,, ,

" 561 546

....... -- 4.96 529'
,. , 3_4 , __ .....

( 310 492 517I ',,, ' ,,, , ---

....... 289 350 435 493
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PROJECT : NTP - IRT CHEMICAL : GALLIUM ARSENIDE
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APPENDIX G

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 ttSs 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

O 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.

Quality Assurar_ce Auditor Date

/Qu,41ityAssurance Auditor Date

O
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