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Subchronic Inhalation and Oral Toxicity of Hydrogenated Terphenyls in Rats. FARR, C. H.,
NAIR, R. S., DALY, I. W.,, TERRILL, J. B., AND JORANNSEN, F. R. (1989), Fundam. Appl. Toxi-
col. 13, 558~567. The subchronic toxicity of a commercial blend of pan?ally bydrogenated
terphenyl was evaluated in rats by inhalation and oral routes of exposure. Animals were exposed
to target concentrations of 0, 10, 100, or 500 mg/m? for 6 hr/day, 5 days/week or were offered
diets daily with concentrations of 0, S0, 200, or 2000 ppm. Each study lasted fi.pproxxmatcly 1_4
weeks. The study designs included observations for clinical signs, body we:ghtia ophthalmic
exams, hematology and clinical chemistry, major organ weights, and gross aqd hmopathqlogy.
No treatment-related effects were noted in the ophthalmic exams. Body wetght.s. were slfghtly
depressed in high-dose males from the inhalation study and high.-dose females in the dlm
study. Liver and liver/body weights were increased in high-dose animals of boll3 sexes and high-
and mid-dose males in the dietary and inhalation studies, respectively. In the high-dose females
of the dietary study, kidney and kidney/body weights were increased with i‘ncreased adrenal gnd
adrenal/body weights were also observed. No compound-related gross lesions nor pathological
correlates to the organ weight changes were observed in ¢ither study. The no—adv;rse effect }evcls
were considered to be 100 mg/m? and 200 ppm (15.9 mg/kg) for the inhalation and dictary
studies, respectively. These data indicate that a wide margin of safety exists for hydrogenated
terphenyl workplace exposure.  © 1989 Society of Toxicology.

Terphenyls are produced commercially as or-
tho, meta, and para isomers. These materials
are blended and partially hydrogenated
(=40%) to form the principal components in
Therminol 66 (Santotherm 66) heat transfer
fluid, Santosol 340 dye solvent, and HB-40
plasticizer (registered trademarks; Monsanto
Co., St. Louis, MO).

The acute toxicity of partially hydrogenated
terphenyls has been investigated; however,
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much of the published information relates to
the testing of heat transfer fluids that were irra-
diated during use as coolants in nuclear reac-
tors, and therefore subject to changes in com-
position, The nature of the irradiated material
has not been characterized. This combination
of data from irradiated and nonirradiated ma-
terial may be confusing since the reader may
not be aware of the differences in toxicity pro-
duced by the irradiated vs the nonirradiated
materials. For example, Adamson and Weeks
(1973) reported that the rat oral LDy, of nonir-
radiated material is 17,500 mg/kg while the rat
oral LDy, for irradiated hydrogenated terphe-
nyl is 6000 mg/kg.

Similar differences in toxicity have been
observed in subchronic studies. In a 16-week

558

HYDROGENATED TERPHENYL RAT TOXICITY 559

oral gavage study, Adamson and Weeks
(1973) noted severe and irreversibie rat kid-
ney lesions after exposure to 600 mg/kg/day
of irradiated hydrogenated terphenyls com-
pared to reversible kidney lesions seen after
equivalent dosages of nonirradiated material.
No lesions were observed with either material
at a dosage of 250 mg/kg/day. The present
TLYV [registered trademark, American Con-
ference of Governmental Industrial Hygien-
ists (ACGIH)] and proposed Permissible Ex-
posure Limit or PEL (Occupational Safety
and Health Administration, 1988) of 0.5
ppm (=5 mg/m®) are based largely on irradi-
ated material (ACGIH, 1986). The present
studies were undertaken to develop compara-
tive subchronic toxicity animal data by inha-
lation and oral routes of exposure to hydroge-
nated terphenyls as currently manufactured.
The oral study provided a comparison to pre-
vious studies and the inhalation study pro-
vided a model for comparison to industrial
exposure.

METHODS

These studies were conducted in compliance with the
provisions of the EPA Good Laboratory Practice Regula-
tions (Environmental Protection Agency, 1984).

Test Material

Commercial grade Therminol 66 heat transter fluid
was supplied by Monsanto Co. Therminol 66 is primarily
& mixture of terphenyl isomers (x40% hydrogenated)
with a typical ratio of approximately 1:5.4:2.6 for the o,
m, and p isomers, respectively.

Animal Husbandry

Young, adult {6 weeks old in the oral studyand 8§t0 9
weeks old in the inhalation study) male and female
Sprague-Dawley-derived (CD) rats (Charles River
Breeding Laboratories, Wilmington, MA) were used in
these studies. Animals were acclimated to the ambient
laboratory conditions (temperature 67-76°F, relative hu-
midity 30-65%, 12-hr light/dark cycle) for at least 14
days prior to study initiation. Rats, housed individually
in stainless steel wire-bottomed cages, were provided Pu-

§ rina Centified Rodent Chow (Ralston-Purina Co., St.

Louis, MO) and water ad libitum throughout the dietary

study and during the nonexposure periods of the inhala-
tion study.,

Experimerual Design

Oral study. Groups of |2 male and 12 female rats were
assigned to each of four test groups at dictary target con-
centrations of 50, 200, and 2000 ppm. The fourth group
received the basal diet only. Dietary exposure lasted for
approximately 14 weeks.

Therminol 66 dietary concentrations were analyzed
weekly throughout the study. Analyses for test article sta-
bility and homogeneity of the dictary admixtures were
also completed. Aliquots of 10 or 20 g of dosed feed were
shaken for 30 min in a total volume of 50 m! r-hexane.
Five milliliters of high-dose extract was further diluted to
10 ml with n-hexane. To remove interfering substances,
clean-up columns were prepared by adding approxi-
mately 0.5 g florisil to glass wool-plugged disposable pi-
pets. An aliquot (2 ml of the control and low-dose and |
mi of the mid- and high-dose levels) of the n-hexane ex-
tract was eluted through the columns with 9 m) n-hexane.
The eluant was evaporated to dryness in a 40° water bath,
and the residue was reconstituted with | ml n-hexane.
Samples were injected into a gas chromatograph fitted
with a flame ionization detector using a 6 ft X 2 mm i.d.
glass coluran packed with 3% OV-17 on 807100 Chromo-
sorb WHP or equivalent. A temperature gradient pro-
gram was run from 200 to 280°C at 15°C/min and the
sum of the area of the generated peaks was integrated,

Inhalation study. Groups of 15 male and |5 female
rats were assigned to each of four test groups. Three
groups were exposed to target Therminol 66 concentra-
tions of 10, 100, or 500 mg/m’. The fourth group re-
ceived house-supply ait only. The 10 mg/m? atmosphere
was regulated by placing the test material in a 10-cc sy-
ringe mounted to a syringe pump adjusted to flow at 0.8
mi/hr. The Therminol 66 was fed directly into an atom-
izing nozzle (4 in. JSS nozzle with a No. 1A spray setup;
Spray Systems Co., Wheaton, IL). Compressed air (back
pressure 20 psi) was also passed through the atomizer.
Metering pumps (Nupro, Willoughby, OH), feeding &i-
ther a one-barrel Laskin nebulizer (back pressure 11 psi)
or a two-barrel Laskin nebulizer (back pressure 20 psi),
were used to generate the 100 and 500 mg/m’ levels, re-
spectively. Each generation apparatus containing test
material was weighed before and after each exposure;
weight differences before and after exposure divided by
the total volume of air during exposure resulted in the
nominal concentrations.

The Therminol 66 atmospheres entered the upper in-
let portal of 1-m® glass and stainless-steel chambers fitted
with pyramidal tops and bottoms. Dyoamic exposures
were maintained with calibrated air flow rates of approxi-
mately 200 liters/min for all chambers, including con-
trol. This flow rate provided one air change approxi-
mately every 5 min with 99% equilibrium times of ap-
proximately 23 min.
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To characterize chamber atmospheres, samples were
collected three times daily throughout the exposure pe-
riod using Miltipore filter holders with Whatman glass
filter papers. Control samples were collected once daily.
Single samples were taken at each collection time since
preliminary studies ind d that the test article breaks
through to a second filter was less than 10% of the total
sample. Sampling rates were approximately 10 liters/min
lasting 40, 40, 10, and 3 min for control, 10, 100, and
$00 mg/m? levels, respectively, The primary analyses
were performed by n-hexane extraction of the terphenyls
from the filters followed by gas chromatography using 2
flame jonization detector. The Therminol 66 samples
were analyzed gravimetrically as 8 secondary, real-time
assay. The uniformity of chamber distribution was ana-
Iytically determined at each exposure level at least three
times during the study.

Atmospheric particle size was measured |4 times dur-
ing the study using & Deiron DCI-6 cascade impactor.
The mass distribution was calculated by determining the
weight of the test material on each stage of the impactor
10 provide the mass median acrodynamic dismeter with
the accompanying geometric standard deviation.

Animal Observations and Procedures

All animals were observed daily for clinical signs of
toxicity or mortality. Detailed physical examinations
and individual body weight determinations were per-
formed weekly. Food ption was d

weights were recorded for adrenals, brain, kidney, liver,
and testes in both studies. Lung and splecn weights were
recorded in the inhalation study only. Microscopic ex-
aminations of b ylin and eosin-stained 6-um sec-
tions were performed on the following tissues from all
high-dose and control animals in both studies: adrenals,
aorta (abdominal), bone (femur), bone mamrow {ster-
num), brain (three sections, including frontal cortex and
basal ganglia, parietal cortex and thalamus, and cerebel-
fum and pons), esophagus, exorbital lacrimal glands, eyes
(with contiguous Harderian glands), gonads (ovaries or
testes and epididymides), heart, intestine (duodenum, je-
junum, ileum, colon, cecum, and rectum), kidneys, liver
(two sections from separate lobes), lungs (each lobe and
mainstem bronchi), lymph nodes (mediastinal or peri-
bronchial and ic), m y gland (right ingui-
nal), nerve (sciatic with bicep femoris), pancreas, pitu-
itary, prostate, salivary gland (submandibular), seminal
vesicles, skin (with mammary gland), spinal cord (cervi-
cal, thoracic, and lumbar), spleen, stomach, thymic re-
gion, thyroid/parathyroid, trachea, urinary bladder,
uterus (horns and cervix), gross lesions (including adja-
cent normal tissue), and tissue masses. The nasopharyn-
geal tissues (four sections through the head) were also ex-
amined in animals from the inhalation study. Lungs,
fiver, and kidneys were examined from all low- and mid-
dose animals in the oral study.

Statistical Evaluations

Body weights, food consumption, absolute organ

weekly in the feeding study. Opbthalmic examinations
were performed in both studies by a veterinary ophthal-
mologist prior to the study initiation and just prior to
termination. Blood samples were collected via puncture
of the orbital sinus (retrobulbar venous plexus) from a
set of 10 randomly selected animals/sex/dosage after 4

and 6 weeks of exposure for the dictary and inhalation -

studies, respectively, An additional blood sample was
taken from cach of the same animals at the study termi-
pations, Clinical pathology parameters monitored in
both studies included: hematology (erythrocyte count,
hematocrit, hemoglobin, erythrocyte morphology, plate-
let count, and total and differential leukocyte counts) and
clinical chemistry (total protein, albumin, globulin, total
and direct bilirubin, glucose, cholesterol, creatinine,
blood urea nitrogen, aspartate aminatransferasc, and ala-
nine aminotransferase). Specific clinical chemistry pa-
rameters evaluated in the dietary study included sodium,
potassium, chioride, calcium, inorganic phosphorus, and
~ glutamyl transpeptidase. In the inhalation study, addi-
tional clinical chemistry anatyses included alkaline phos-
phatase, lactic dehydrogenase, and triglycerides.
Complete gross necropsies were performed on all ani-
mals at the study terminations. Animals were killed by
exsanguination under cthyl ether anesthesia. Gross ex-
aminations were made of all organs, body cavities, cut
surfaces, and external orifices and surfaces. Organ

ights, organ to body weight ratios, hematology param-
eters, and clinical chemistry values were statistically ana-
1yzed. Initially, the equality of variances was determined
with a Bartictt’s test (Snedecor and Cochran, 1967).
Group means with equal variances were fusther analyzed
with a one-way analysis of variance (Snedecor and Coch-
ran, 1967) followed by a Dunnett's test (Dunnett, 19585,
1964) if a significant F value was obtained. With unequal
variances, a nonparametric procedure, the Kruskal-
Wallis test (Hollander and Wolfe, 1973), was used to test
the equality of means. Any differences in means were fur-
ther evaluated with a Dunn suromed rank test (Hol-
lander and Wolfe, 1973) to determine which treatments
differed from the control. Tests for trends among the
dose levels were also performed. Standard linear regres-
sion methods were used for parametric data while the
Jonckheere's Statistic (Hollander and Wolfe, 1973) was
used to determine ynic trends in nonp ric
data. All tests were two-tailed with a minimum level of
significance of p < 0.05.

RESULTS
Test Article Exposure

Oral study. The test material itself was
deemed to be stable throughout the course of
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the study. The dosage mixtures were found to
be stable and homogeneous, All dosed feed
used in the study was within + 10% of the tar-
get concentrations. Combined male and fe-
male dietary test article consumption (mean
x SD) was estimated to be 3.90 + 0.25, 15.9
+ 0.91, and 156 = 10.08 mg/kg/day for the
dietary levels of 50, 200, and 2000 ppm, re-
spectively.

Inhalation study. Therminol 66 chamber
concentrations were considered to be homo-
geneous at each of the four sampling points
on the exposure chambers. Average analyti-
cal concentrations (mean *+ SD) were 11.4
%27, 98.6 £ 16.8, and 480 + 46.9 mg/m’.
Samples taken from the control chamber
showed no test material present at a detection
limit of approximately 0.05 mg/m’. Particle
size determinations for the three test atmo-
sphem indicated that the average mass me-
dian aerodynamic diameter ranged from 1.6
to 1.9 um with accompanying geometric
standard deviations of 1.8 t0 2.0 um. In all
cza;;;; the percentage of particles < 10 um was

Animal Observations

All treated and control animals survived to
th.c terminal euthanasia in the dietary study.
Five animals died prior to terminal euthana-
sia in the inhalation study. A control female
and a female in the 10 mg/m® exposure group
died spontaneously. The exposed animal’s
death did not appear to be treatment related.
Accidental deaths during blood collection in-
cluded two females in the low-dose group and
one female at the high dose.

Clinical signs, including alopecia, chromo-

- dacryorrhea, and lacrimation, were noted in

both treated and control animals of the di-
etary study and were sporadic in frequency

1 and duration. In the inhalation study, pre-

dominant clinical signs included lacrimation
and rough coat in treated males and dried
brown material about the face in treated fe-
males seen primarily in the mid- and high-
dose animals. Minor ophthalmic lesions were

found in both studies, but were not consid-
ered to be treatment related.

. Dietary exposure to Therminol 66 resulted
in a decreased weight gain (approximately to
7% less than controls) throughout the treat-
ment period in high-dose females (Table 4).
Trgted males and other treated females had
weight gains similar to their respective con-
trols. Body weights of high-dose males ex-
pgscd to Therminol 66 atmospheres were sig-
nificantly reduced throughout most of the
treatment period (Table 5). Terminal body
weights in the high concentration group were
92% of controls. Body weights of other inha-
lation-treated males and treated females were
considered unremarkable,

Food consumption in the dietary study was
slightly lower in high-dose males and females
when compared to controls during the first
week of the study. Spillage from feeding jars
was also noted during that period, most often
in mid- and high-dose animals. Food con-
sumption (g/day expressed as mean + SD)
was 81.6 £ 6.1, 79.0 £ 5.1, 79.5 £ 4.6, and
78.0 + 5.0 for dietary levels of 0, 50, 200, and
2000 ppm, respectively. No other food con-
sumption effects were noted during the treat-
ment period.

Clinical Pathology

Hematology. Slight changes in hematologi-
cal parameters were noted in the dietary
study high-dose malesat the 1-month interim
sampling interval (Table 1). Significant (p
< 0.05) decreases in mean hemoglobin con-
centration and hematocrit and erythrocyte
counts with increased platelet counts were
observed. No significant changes were seen in
the remaining treated males and in the
treated females. At the terminal bleeding pe-
riod, only platelets in high-dose males were
significantly higher than control values. The
effects noted in the dietary study were not
considered biologically significant because
they were well within historical control val-
ues.-Hematology indices were comparable in
treated and control animals of both sexes at
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TABLE t

MEANS OF HEMATOLOGICAL PARAMETERS OF RATS EXPOSED TO HYDROGENATED TERPHENYLS FOR 13 WEEKS IN THE DIET

Platelets

Erythrocyte count

Hematocrit

Hemoglobin

(10°/mm?)

%) (10°/mm?)

(g/dl)

Target

concentration

14

14

14

14

© Testweek: 4

(ppm)

18
81
42
19
46
27
63*
96

58 +£0.23
60 £ 0.39
50+0.31

7
6.
7
7
7
6.
7
6

69 +0.42
05+0.17

72120.17 °

6
7
6.
7
6.
6
6.

FARR ET AL.

“Mean + SD;n = 10.

* Statistically significant at p < 0.05.

*+ Statistically significant at p < 0.01.

both sampling periods in the inhalation
study.

Clinical chemistry. Serum from animals in
the dietary study indicated a statistically sig-
nificant increase in cholesterol of high-dose
males at the interim and terminal bleeding
periods (Table 2). No significant clinical
chemistry changes were observed for the low-
and mid-dose males. Mid- and high-dose
females showed statistically significant in-
creases in calcium levels at the interim sam-
pling period, with slight (not statistically sig-
nificant) increases noted from terminal se-
rum samples at these dosages. Glucose levels
in high-dose females were significantly lower
than control values at the {-month sampling
interval, with slightly lower (not statistically
significant) levels reported for terminal sam-
ples from that group. Other treated female se-
rum chemistry values were comparable to
concurrent control values. The biological sig-
nificance of these changes is doubtful since
they remained in the range of historical con-
trol values.

Inhalation exposure to Therminol 66 pro-
duced several clinical chemistry changes (Ta-
ble 3), including decreased aspartate amino-
transferase and glucose levels in the high-dose
females at Week 14 and increased total pro-
tein, albumin, and calcium levels in mid- and
high-dose females at Week (4 when com-
pared to control values. The blood urea nitro-
gen value for high-dose males was also in-
creased at Week [4. Aithough these differ-
ences were statistically significant, the values
remained in the range of historical controls
and were thus not considered biologically sig-
nificant.

Gross and Histopathology

None of the gross pathological observa-
tions described at necropsy in either study
were considered to be treatment related, al-
though some significant changes were ob-
served in organ weights, In the dietary study,
absolute kidney weights and kidney/body
weight ratios were slightly higher in both
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TABLE2
MEANS OF CLINICAL CHEMISTRY PARAMETERS OF RATS EXPOSED TO HYDROGENATED TERFPHENYLS
FOR 13 WEEKS IN THEDIET
Cholesterol Calcium Glucose
Target dietary (mg/dl) {mg/d!) (mg/dl)
concentration
(ppm)  Testweek: 4 t4 4 14 4 14
oM 55+ 12° 77124 10.5+0.3 10.6 £ 0.4 106 £ 14 131+17
F 6115 8334 10304 10.5+0.4 110 £ 20 11814
50 M 56+ 11 80+ 19 10.6 £0.5 10.7+0.5 10316 133£16
F 7013 90 +22 10.6 £ 0.3 10.8 £0.4 107£10 120 £20
200 M St+14 77t 1t 10.7+0.4 10.6 £0.5 109+ 18 147 £ 26
F 70+13 93+20 10.8 £ 0.2%* 10.9+0.5 106+ 15 121 £23
2000M 71 £ 16* 126 £ 33+ 109+04 (1.0+04 108 +27 13711
F 013 84+24 10.7 £ 0.3* 110205 92 & 10* 10511

“Mean+8SD;n = 10,
* Statistically significant at p < 0.05.
** Statistically significant at p < 0.01.

male and female high-dose animals with sta-
tistically significant kidney/body weight ratio
increases seen in the same animals (Table 4).
These animals also showed significant in-
creases in liver weights, liver/body weight ra-
tios, and liver/brain weight ratios. High-dose
females had increased adrenal and adrenal/
body weight ratios. For the inhalation study,
mean liver weights and liver/body weight ra-
tios were increased above control values in all
treated males in a dose-related manner; the
changes in the high-dose group mean liver
weight and in all liver/body weight ratios
were statistically significant (Table 5). These
slight changes were considered to be a normal
adaptive response to xenobiotic exposure.
The treated female liver weights were similar
to their respective control values. All other

i organ weight and organ/body weight ratios

were considered unremarkable,
Histopathological examinations in the di-
etary study revealed no test compound-re-

" lated lesions and no pathological correlates to

the increased kidney and liver weights. A

_ spontaneous lesion in the kidneys of all male

groups, including controls, was reported.

*. This lesion consisted of small foci of hyper-

trophy and basophilia on the proximal tubu-
lar epithelium and was considered to repre-
sent young, regenerative cells. Similar lesions
were found in only two females. The patho-
genesis and biological significance of this le-
sion was not clarified; however, it was not
considered to be treatment related, Histo-
pathological examinations revealed no le-
sions related to the inhalation administration
of Therminol 66 and no pathological corre-
lates to the increased liver weights and differ-
ences in clinical chemistry values observed in
that study.

DISCUSSION

The present TLV of 0.5 ppm (=5 mg/m?)
for hydrogenated terphenyls and nonhydro-
genated terphenyls is based on a combination
of data from studies which used either irradi-
ated or nonirradiated terphenyls, Coolant
fluids previously used in nuclear reactors at
the time the TLV was set differ substantially
from currently used hydrogenated terphenyl
formulations. One of the reactor coolants,
Santowax OM mixed isomeric terphenyls




TABLE 3

MEANS OF CLINICAL CHEMISTRY PARAMETERS OF RATS EXPOSED TO HYDROGENATED TERPHENYLS FOR 13 WEEKS BY INHALATION

a ' tal protein Albumin Calcium
Target BUN AST?® Glucose Total p }
atmospheric (mg/dl} (U /liter) (mg/dl) (g/dl) (g/dl) (mg/d)
concentration  Test -
(mg/m®) week: 6 14 6 14 6 14 6 14 6 14 6 14
oM 129+1.8° 13 1.5 107435 107x28 128+25 123+£21 56+04 58%03 35401 3.4x02 98+04 104+02
F 15.1+2.5 16948 95428 113x51 131x22 146+23 5902 59+03 36+02 38202 10.3+0.3 10604
10M 126+1.6 13.5x18 104 £ 28 .l4lt7l 130+£30 12418 55%02 59+0.5 3.5+01 35x02 98+04 10304
F 156+22 154%16 91415 11431 133x22 139+£22 6005 62x03 37202 39%02 104+04 108204
100M 139+ 1.6 134x09 88+ 18 106+25 140+20 12516 54+£0.6 6.0+0.4 50402 3.6+02 10.1£0.4 10604
F 143+18 159%3.1 g4+19 8718 127+ 9 131z 19 6.140.4 65+£04* 38402 4.1%04% 10.7+04 11.2x0.5*
500 M 134+ 1.6 158x22% 8ix15 92415 124+22 123x24 574 0.3 6.1x05 37402 3.6+02 102+0.6 108+£04
F 14520 17.1x1.6 86 +19 BOx:12* 11Bx21 17x 15% 6.1+0.5 65+04%* 38102 42+04% 105+03 1L.1£05*
2 Blood urea nitrogen.

5 Aspartate aminotransferase.
< Mean = SD; n = 10.

* Statistically significant at p < 0.05.
** Statistically significantat p < 0.0t.
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TABLE 4

ORGAN WEIGHTS IN RATS FOLLOWING DIETARY EXPOSURE TO HYDROGENATED TERPHENYLS FOR 13 WEEKS

0 50 200 2000
Target dietary concentration (ppm) M" F » M F M F M
F
'l[:.crmina! body weight (g) 476 +49¢ 280+ 26 503+ 41 280 + 36 486 + 57 28730 464 £ 54 262+ 17
L;vcr weight (g) . . 1317+ 146 752*15 13.82+1.42 7521105 14354238 7.82+0.84 1932+£249% 907 : 1.16%*
K;‘:r to bo'dy weight ratio (g/100 g) 277009 2.68+025 2754015 2.69+0.21 294021 2.69+0.18 4.18 + 0.42'* 3.45 : 0.29"'
Kidney weight (g) . ) 3.13 040 1.81+0.16 3.23+035 1.91 £0.28 3.15+0.32 1.98 £0.27 336+ 0-38 2.02 : 0.23
Kiduey tobady weigh ratio /) 6.61+081 663058 6423058 684+060 6524058 690+093 727+0.59*  7.70+0.52*
ver to bra}n weight ratio (g/g) 6.26 £0.60 3.84 +£0.55 6.59+0.64 391 +£0.59 6.85+1.17 398+0.40 9.35 + l‘O"‘ 4.68 -P 0.59’"
Adrenat weight (mg? } 53.2+7.6 65.6x1.0 528 +7.8 680+ 14 533+438 63.9+8.8 5;4.4 : 8'1 7.1 5 : 9‘l
Adrenal to body weight ratio (mg/10g)  1.133021  234+031  1.07+022 243+040 1114017 2284043 LIB+0.I8 273 +0.34*
4Mean+ SD;n=11or12.
* Statistically significant at p < 0.05.
** Statistically significant at p < 0.01.
TABLES
LIVER WEIGHTS IN RATS FOLLOWING INHALATION EXPOSURE TO HYDROGENATED TERPHENYLS FOR 13 WEEKS
g 10
Target atmospheric as e
concentration (mg/m°) M F M F M F ‘M F
Terminal body weight (g} 586 + 33 299 £25 570 + 41 305+ 19 594+ 54 30
¢ ! + + + * 8 + 33 543+ 53+ 298 £26
Liver weight (g) 18.62+1.42  10.77+1.30 19.76 £ 2.29 1041+ 1.02 20.74 + 2.77 10.35 £ +
Lot @) .74+ 2. .35 £ 1.20 21.60 + 3.40* 11.04 £ 1.34
ratio (g/100 g) 3.15+0.16 3.61+0.34 3.46 +0.25* 3.41+0.23 3.49 + 0.24** 3.37+0.35 3.97 £ 0.37** 3.72+0.33

“Mean + SD; n= 14 0r 15.
* Statistically significant at p < 0.05.
** Statistically significant at p < 0.01.
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(registered trademark of Monsanto Co.), con-
sisted of nonhydrogenated o- and m-terphe-
nyl isomers with a maximum of 6% p-terphe-
nyl isomer. Studies of irradiated Santowax
OM are cited in the current documentation
of TLVs (ACGIH, 1986), although such mix-
tures are no longer used as nuclear reactor
coolant fluids in the United States. Since
there are substantial differences in product
chemistry and possible transformation prod-
ucts formed during irradiation, the use of ir-
radiated terphenyl toxicity data is inappropri-
ate for support of a TLV for hydrogenated
terphenyls.

The results of the current inhalation and
oral studies are considered to be more appro-
priate subchronic data for evaluating a work-
place exposure level for hydrogenated terphe-
nyl. If one makes several assumptions, viz, (1)
100% of the delivered dose was retained in the
animals, (2) rat respiratory minute volume
was approximately 250 ml (Dorato et al.,
1983), and (3) the average (male and female)
body weight in this study was 333g,itcanbe
shown that the animals received similar body
burdens of hydrogenated terphenyls in the
two studies. The compound intake of approx-
imately 2.96, 25.6, and 125 mg/kg/day was
estimated for the average chamber concen-
trations in this study of 11.4, 98.6, and 480
mg/m?, respectively. These estimates do not
include test article exposure in the inhalation
study via the dermal and oral (due to preen-
ing) routes associated with whole body inha-
lation exposure. In the oral study, combined
male and female test article consumption was
estimated to be 3.90, 15.9, and 156 mg/kg/
day, which corresponds to the dietary levels
of 50, 200, and 2000 ppm, respectively.

While a decrease of body weight gain was
evident at the high dose in both studies, fe-
males were affected in the oral study and
males were affected in the inhalation study.
High-dose females also showed a significant
decrease in food consumption during the
early part of the the oral study which may
have been related to palatability problems.
Clinical signs of lacrimation, dried brown
material about the face, and rough coat were

associated with exposure at the mid- and high
dose only in the inhatation study. While no
hematological changes were noted in the in-
halation study, hematological changes in the
oral study were not considered biologically
significant because they were well within the
historical control values. Clinical chemistry
changes were not consistent between studies
and were not considered biologically signifi-
cant because they were well within the histor-
ical ranges.

Increased liver weights and liver/body
weight ratios were seen at the high-dose level
in both sexes from the oral study and only
in high-dose males from the inhalation study.
Absolute kidney weights and kidney/body
weight ratios were increased only in the high-
dose animals of both sexes in the oral study.
Gross and histopathological examinations re-
vealed no lesions related to hydrogenated ter-
phenyl administration in either study. In
view of the lack of pathological observations,
the significance of organ weight changes in
high-dose animals from both the oral and in-
halation studies is uncertain. Previous dispo-
sition studies after both oral and inhalation
exposure suggest that hydrogenated terphe-
nyls are localized in the liver and kidneys
(Adamson and Furlong, 1974). Although no
data on the effect of hydrogenated terphenyls
on hepatic metabolism are available, o-, n-,
and p-terphenyl isomers, each given as a sin-
gle 100 mg/kg dose to rats 48 hr prior to eu-
thanasia, resulted in significant increases of
arylhydrocarbon hydroxylase and 7-ethoxy-
resorufin o-deethylase with all isomers and
increased cytochrome P450 and cytochrome
b with the 0 and m isomers (Toftgard et al.,
1986). It is possible that the liver weight in-
creases could be reflective of an adaptive re-
sponse to insult. Therefore, the no adverse
effect level in these studies is considered to be
about 10 mg/kg/day in the dietary study and
about 25 mg/kg day by inhalation.

A 70-kg human breathing 10 m®/day at a
TLV concentration of 5 mg/m® would be ex-
posed to 0.7 mg hydrogenated terphenyl/kg
body wt on a daily basis. This exposure level
represents a safety factor of approximately

175-fold in comparing the lowest observable
7 effect level of 125 mg/kg with the current
TLV on a milligram per killigram basis.
Comparison to the no observable effect level
of approximately 25 mg/m® would provide a
safety factor of about 36-fold. Human experi-
ence with hydrogenated terphenyls does not
indicate a problem with respiratory, skin, or
eye irritation during normal heat transfer op-

; erations at temperatures up to 650°F. Thus,

results of these studies indicate that the pres-
ent TLV of 5 mg/m? provides a wide margin
of safety from subchronic effects for work-
place exposure to nonirradiated hydroge-
nated terphenyls.
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fh > F M
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B  TAELNY 72— nOBEMICET 2858 L valE]
SHEEMN
BEOLDso vk () =25000 (21552~29000) mg/kg
Z v b (2) =24000 (20690~27840) mg/kg
K&k 5R%
3, Al 7y MESERE: HE =002, 0.10, 0.50, 2.50 w/iw%
FET : 250 (410", 1/10%)
—fiREE (W& @ 2.50)
FE! 010 L@, BHE | : 0104 LR - 2,500
MiKFeBRZE RBCl : 0108 L - 050 LA LR,
HGB | - Hetl : 0.50 LLES0.02 LA L.
MCHC/| : 050 LL E%.
MCH T : 2502,
PLTT : 0.10 8l £5"2.50%
BRRAE GRIFEERRT - BRIEK] : 050 L0 L R)
mikALFRE (TPl : 25002, A/IGT : 010 L LR,
BUNT : 0.50 LLES - 2509, Glul : 25072,
TGl : 050 L5 - 0.10 2L LS. CRNI : 0.10%.

Cho 1 2.508", LAPT : 050 k. CHE! : 0.50%.
v-GTP 1T :050%2. Cal : 010l k. PiT : 2500 %.

Cl7T Mgt : 2505
etER (IFT :050LLE - 010 8L LR, BREL] : 250%)
HXER BF! : 010U LR, SR ] : 2509)
E# (RBCT. Hgbl. MCHC!. MCHT. WBCIl, MVCT.
TPl. AIGT. TGl. CRN|l, Chol. AlpT, Cal. PiT)
21 » A 7 v MEEEHRSE: AR =001, 0.10, 1.00 wiw%
L HY (0.10 8L E)
—feik e (MR - AT : 1.00"#)
FE| : 1.001 ¢
MEFORENS » A, 12 5 8
(# RBC! :001LL Lk, Hgbl -Hetl :0.10, PItT : 1.00
2 RBC| -Hgbl «Hctl -MCV|] -PlitT - WBCT : 1.00)
MmREFRIRE 18 » A
(AIbT -BUNT - TGT - LAPT : 1.0007%.
A/GT *Glul : 0104 L™ - 1.002.
- PL| -TBT +AlpT -CHE! « y-GTP{ : 1.00%)
fTEERTEM 18 » B
(AlpT -CHET - GOTT - GPTT - v-GPTT : 1.00%,
LAPT : 0.10LA LS + 1.008", LDH-PT : 0.10 L ER)
MextER 18, A (] - Bl :1.00a*, AFT : 1.007%. FREL | 1.00%)
HANER 18- (4T : 1.002. O 7 :0.10% - 1.005.

BT :010L ko - 1.009, AFT : 0,10 LA ER + 1.005.

1 :01072. BT 1.009. BET : 1.005,
BT 010 LS - 1.00%)
BRFEIECET 2R 5
7 v MAER O®RE (1 B &% UNEEE 4 [8])
1 E#E (20g/kg)
BHARE 2 BERU4 88, 4 BEICE/ME, 6 ALUEREIE
GIEW 4 HEICEKR, #0#%EA L, 8 HANSEE
g S (2.5 5.0 gkg)
BEREGAKAs - 2 RART4BA ]
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G/E t : R E5EHE R VIR G BIZHOE K

HEEARREHEL Y ¥ —ABRREREE0978) L v 5| ]
Ames RR5 2
M soE e L
TA1535, TA100, TA1537, TA98
-/+S9 mix #  (0.1-100ul/plate)

{Industrial BIO-TEST Laboratories Inc. No.663-04611 “Acute toxicity studies with
Therm S 900”(1974) X v 51 Al
SMEENE MERESL

O LDso 7w b =23100 (17111~31185) mg/kg

% LDso T v k = 6820 (4487~10366) mglke

[Industrial BIO-TEST Laboratories Inc. No. 663-04611 “21-Day subacute heated vapor
inhalation toxicity studies with Therm S 900°(1975) & v 5] ]
R &5 HR
albino 7yt (0.7,1.1 mg/L/6h/day (W A¥tE) ) 5 BREIEX21 B MiEHE 2L
—fRIER (BK - BBRTE - HF3{ AN : 078 1)
ExER FF1 : L1902, Ml - 0.79)
FTER GHEE) (KT @ 1.150%)
FAXTERE CHRER) (T 1109, Ml : 0.70Y

[Industrial BIO-TEST laboratories, IBT No. 622-04610D “90-Day subacute oral
toxicity studies with Therm S 900 in albino rats(1975) & 9 5]
RE & 53R R

albino 7y} (100, 300, 1000ppmGEAFH5)) 90 B MBEELHEZR L

T (0: 1152 [BifnF o], 1000 : 2/15% Rinh o]

MoxtEBEG@ET 1 - 100057 -100 LA E9)

FETEERF T - 100057100 LA E$)

[IUCLID (2000) X v 5|H]

&1 LDso 7> b =10200 mglkg.
= 17500 mg/kg,
> 24000 mg/kg.

> 10000 mg/kg
< AX  =125600 mglkg
WA LCso 7>k >11.1 mg/L/4hr,
> 4.3 mg/L/4hr
#K LDso 7% =6800 mg/kg,
> 2000 mg/kg
B
UY¥X  KE PREOMEMHY QW)
FtEZe L (18D
A AR RIBER L (28)

BAEME
B b (RoFT7FRbN) BEERZL (2#8)
RiE#% 5 5%
Charles River COBS 7y }0.01, 0.05, 0.25 mg/L/6h/day(%% A#¢5-)) 30 H R (5days/w)

MEECHE A L
NOAEC = 0.25 mg/L/6h/day (& )
SD 7y} (0.01, 0.1, 0.5 mg/L/6h/day(® A# 5)) 90 B (bdays/w) FiEEEC#EI2 L
NOAEC = 0.1 mg/L/6h/day (FFEE [ o, R, BAFRIE)
LOAEC = 0.5 mg/L/6h/day (JFEE T . FE| I KK EAFE
RIEATLHTY M0.01, 0.05 mg/L/6h/day (R AF 5)) 182 B (5daysiw) FlEEE# e L
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- JAX w92 (20~2000 mg/kg/day(BE 0#5)) 112 AR (1,2 BlIAA) MBEFES e L

NOAEC = 0.01 mg/L/6h/day (F2/: L)
LOAEC =0.05 mg/L/6bh/day (FFEE | o, MKAELFHREEE (Glul - BUN|
@ +SAP T +SGOT 1 - SGOT | & -SGPT 1T M)
GREROEEEICREEZRET a2 HY)
FEARTE WA (0.5 mg/L/Th/day(R AR E)) =4 B METEZRL
NOAEC = 0.5 mg/L/7h/day (¥ A 7 2 flifafiiad I b2 R Y 7 O Zeha{bigmas
ZaI -0, BEKT 42 B BIZIXEE)
FFRET#E WA (0.5 mg/L/Thiday(RAKE)) =8 AR HMEEG# e L
NOAEC = 0.5 mg/L/7h/day (¥ A 7 2 fif3flRD I k=22 KU T OZER{ g ma 8
gZahloh, BEKT 42 B BIZi3REE)
Rk~ (0.01, 0.05 mg/L/6h/day(Gdays/w) (AR 5)) 182 A R $AFs#22 L |
NOAEC =0.01 mg/L/6h/day (JREE |)
LOAEC = 0.05 mg/L/6h/day
(kMR mRECFEHHREER (Hgbl -Glul - Glul £ - SAPT 2))
(RBROGHMECHBEERE T3 A M HY)
Macacsa Fascicularis ¥ (0.01, 0.05 mg/L/6h/day (5daysiw) (BA%5)) 182 B
Mg L

P—

NOAEC = 0.01 mg/L/6h/day (T 1 &)
LOAEC =0.05 mg/L/6h/day (M#EFHI R O MERAE/LFHOREEB (RBCT £ - WBC
| -BUNT & -SAPT #))
FBROGHEMEICHEELTIE T2 H0)
SD 7yt (1000, 5000, 10000, 20000ppm GEAHIZ5)) 14 B M FE T L
(60, 300, 600, 1200 mg/kg/day +H34)
NOAEL = 60 mg/kg/day (FEE 1)
LOAEL = 300 mg/kg/day
(FE] L. FEET. BREET 9. FHKR BX- jjrﬁ%"‘ﬁf—)
Albino 79}  (1000ppmGREEF 5)) 42 BE FETHE 2 L
(60 mg/kg/day F834)
NOAEL = 60 mg/kg/day (272 L)
Albino 7y} (100,300,1000ppm GEfEE 5) ) 90 HfE] ME G HE 2 L
(6, 18, 60 mg/kg/day FH24)
NOAEL = 18 mg/kg/day (27 1)
LOAEL =60 mg/kg/day (£ 1T ¢, B&HEET :H? - B - M%)
SD 7y M50, 200, 2000ppmGREEH 5)) 90 HiE HEEERCHE 2 L
(3, 12, 120 mg/kg/day +H24)
NOAEL = 12 mg/kg/day (FFEE 1 )
LOAEL = 120 mg/kg/day ((AE | 2. mEE(LFHIREEE (Hgbl o -Hetl o -
RBC |- PltT 5) . BRBSHR 1 (FFM - Wht - BB 2)) |
Leghorn A/} (100, 500 ppm GEER#5)) 30 A [#] #EEERRHE2 L
NOAEL =500 ppm (%7 1)
Carworth 7y 1(1.004, 4.016, 10.16 mg/kg/day(% 0 #5)) 70 B &) (5days/w)
” PEETT L
NOAEL < 1.004 mg/kg/day
LOAEL = 1.004 mg/kg/day (REEAREEFHPTR : I — PO M R OMESE - B —
RANE bR AR OB R ONESE - N — )

NOAEL = 600 mg/kg/day (& — BT X, ")
LOAEL = 1200 mg/kg/day (& —HIEMHEBR)
FIAEITE (1.004, 4.016, 10.04 mg/kg/day (5daysiw) (ERO#5))
35 HfH MERHERL
NOAEL = 1.004 mg/kg/day
LOAEL =4.016 mg/kg/day (FELC T . fKEH || #HEE | | HEEBEARR - T
HRE O E M R OB - & — RS LB D2 B O
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3t - B —ZHE)
New Zealand white 734%™ (125, 500, 2000 mg/kg/6h/day (5daysiw) (RFZ#%5))
21 A MhEEECEe L
NOAEL = 2000 mg/kg/6h/day (£HMHEDEEL L)
BRE R
Ames FRER
(=35
MRS L,  BE (DMSO)
TA1535, TA1538, TA100, TA98, TA1537
-/+S9mix & : 10000 1 g/plate, FAAFMEZ L
(=33
MEERRE L, B A9
TA1535, TA1538, TA100, TA98, TA1537
—-/+S9mix & : 10 Uplate
(100 Uplate ¥ THIfIE=ME/ L)
HGRPT 7 vt~ : 2tk
MIBERRE e L. BRI BT
CHO #mia
~/+S9mix & : 300 1 g/ml
(1600 1 g/m] F THIfREFEM: 2 L)
In vitro UDS &% : 2t
METHEZR L, B Othy)
P e
~/+S9mix £ : 1000 u g/ml
(5000 i1 g/ml F THIBEEME2 L)
In vivo HIFRB=FHIAER : B2
MERHEZ L., BE (a—h)
7 v b, BEFENES 250, 1250, 2500 mg/kg
R0 AMERER
Balb/c 9% - PLA v92 (50 mg/week (%2 #45)37 #iH (H—EIEEEM) ML L
HBILL
AR FE A T MERRER
Leghorn A/}'J (30, 100, 300 ppm(REEF# R 5)) 90 AR #iEzd#2 L
BEMER O F1 #iMED NOAEL = 300 ppm (I T8 % 23BREEMHK T 1% [E148)
SD 7yt (30, 100, 300, 1000 ppmGEAEF:5)) 2 X FEGEHEH 2 L
B ~Dth% 21 BET
BEWIZX4 % NOAEL = 1000 ppm (62 mg/kg/day 8%) ((F&E | o)
F1iZ%4 % NOAEL = 1000 ppm (63 mg/kg/day f824) (KE | )
SD 79+ (25, 250, 500, 1000, 2000 mg/kg/day(#E N 5)) R 6~15 B MECH 2L
RrERFEMED NOAEL = 250 mg/kg/day (500 CHEFEE | )
183 NOAEL = 1000 mg/kg/day (2000 THEFEL - BRIEOEE L)
SD 75+ (125, 500, 1500 mg/kg/day(F 0% 5)) 44K 6~15 B #AETC#EZ L
FERFEIE D NOAEL = 125 mg/kg/day (500 THEFE | )
#3PED NOAEL = 500 mg/kg/day (1500 THIEDIKRE | - RIEEHRETR T . B
: ERT)
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