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Dear Sir/Madam:

In May, 1991 the International Diatomite Producers Association (IDPA) reported to the
EPA pursuant to Section 8(e) of the Toxic Substances Control Act (15 U.S.C. 2607(e)) the
preliminary findings of a cohort mortality study of certain workers in the diatomite industry.
Supplemental information was provided in October, 1992 and again in October 1993 (Reference;
.EPA Document Control Number: 8EHQ-92-1237 SUPP).

In January of 1993 3n In Vitro Toxicology of Size-Selected Fractions of Diatomaceous
Earth was sponsored by and conducted at Schuller International's Mountain Technical Center by

G.A. Hart and T. W. Hesterberg. It is our understanding that the study report was previously
provided to EPA on an F.Y.L basis by the investigators. With this letter we are providing an
additional copy of that document along with a recent critique of the study by Brooke T.

Mossman, Ph.D. of the University of Vermont. The latter is also being submitted to you on an
F.Y.L basis.

The findings of this study provide neither definitive nor significant information regarding
the toxicity of diatomaceous earth. While perhaps of some future interest, it is clear that at least in
regards to diatomaceous earth, in vitro testing continues to be experimental and not a predictor of
pathogenic potential to humans. As such we do not believe that this new information meets the

requirements of a TSCA 8(e) submission.
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The University of Vermont

DEPARTMENT OF PATHOLOGY

3 MEDICAL ALUMNI BUILDING. BURLINGTON, VERMONT 05405-0068
TEL: (802) 656-2210

FAX: (B02) 656-8892

October 19, 1993

Mr. Mel Merlis
Executive Director, IDPA
26 Windjammer Court
Long Beach, CA 90803

FAX: (310)-598-8109

Dear Mel,

I have read the study on the in vitro toxicology of diatomaceous earth products compl;tdﬁ T -

by Dr. Tom Hesterberg of Mountain Technical Center. In general, it is a well performed study
assessing the toxic effects of natural (Nat) and flux-calcined (FC) diatomaceous earth fractions
with the two crystalline silica reference dusts, cristobalite and a-quartz, in Chinese hamster ovary
cells (CHO). Titanium dioxide (TiO,) and crocidolite asbestos were used as negative and positive
controls, respectively, although it should be emphasized that these controls were not used in all
assays here. For example, the data on crocidolite, including its physical characterization, was
reported previously by Hart et al., 1992a in references. The procedures and bioassays used here
were identical to those described in the Hart publication in which the cytotoxicity of 4
preparations of refractory ceramic fibers correlated with the fibrogenic and carcinogenic potential
of these preparations in chronic inhalation studies. However, both crocidolite and chrysotile
asbestos were used as positive controls in some (but not all) of the Hart et al. (1992) study and
TiO, was nat.used as a negative control.

Several points should be taken into consideration in the interpretation of results from the
May 26, 1993 study on diatomaceous earth products. First, as Tom correctly states in the second
paragraph of his letter? bioassays here were not performed on lung cells which may be targets
of mineral-induced disease in man, i.e. lung epithelial cells and fibroblasts or mesothelial cells.
Secondly, the increased toxic effects of Nat may reflect increased particles/ug or its increased
surface area for cell contact. In this regard, it would be useful to perform surface area
determinations on all preparations (a BET test using nitrogen adsorption can be performed by
Micromeretics or other companies quite inexpensively), and to calculate all results on a surface
area basis. The induction of both toxic effects and nuclear abnormalities might be related to
fibers longer than 8 microns and less than .25 microns, i.e. Stanton fibers (see enclosed paper by
Yegles et al), but I am perplexed by the Table II summary characterization of fibers indicating
that cristobalite contained 21% fibers with 13% of those > 7.5 microns as the SEMs in Figure
1 do not appear to show any fibers. Characterization of only 100 particles may give a prejudicial
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view and a rule of thumb used in our inhalation work is to measure at least 200. TEM is
preferable to SEM because fine, thin asbestos fibers may not be visible using the latter technique.
Moreover, I think it important to verify that the size selection process used here for diatomaceous
earth (DE) products did not select for increased numbers of fibers in the respirable DE
preparations.  Since fibrous geometry and size are regarded as important in both toxic,
carcinogenic and fibrogenic effects of mineral dusts, it will be important to verify that fibers are
an extremely small fraction of the bulk products used in the workplace.

An extremely relevant point is the use of positive and negative dusts for comparisons with
DE products. For example, it can be argued that even ultrafine TiO, (or any inert dust) can
produce tumors in animals at overload concentrations used in inhalation studies. If you use the
chrysotile (as opposed to crocidolite) asbestos data from the Hart et al., 1992 paper in Figure 3a
or 8 (I’ve sketched it in on these figures), there is no question that the silica and DE preparations
are significantly less active in their toxic potential. Moreover, if you compare the data from
Appendix 5 (Induction of Nuclear Abnormalities) of the DE study with Table II data on
crocidolite and chrysotile asbestos from the Hart et al., 1992 study, crocidolite causes increased
(this should be verified by statistics) numbers of micronuclei, polynuclei and nuclear
abnormalities at 5 pg/cm? and chrysotile at 1 pg/cm? whereas DE products have less striking
effects which may not be significant at 3 and 5 pg/cm?. In essence, if chrysotile were used as
a positive control here instead of crocidolite, the entire first paragraph of page 3 of the report
would be incorrect. As it stands, this sends up a "red flag". Tom is correct in that further testing
and characterization of DE products might be merited, but based upon findings here, it is
probably premature to embark upon inhalation testing. It should be emphasized that the nuclear
alterations might not represent genotoxic, but pyknotic (cell-death related abnormalities) and that
any future bioassays should include: 1) chrysotile asbestos as a more appropriate positive control;
2) TiO,; and 3) a control (negative) fiber such as wollastonite which is not associated with
disease in man. These controls will be necessary to validate this and other in vitro assays.

Please do not hesitate to call if you have further questions.
Sincerely,

Brooke T. Mossman
Professor

\(“ '

Enclosure




Fig. 3a.

Inhibition of Proliferation
(CHO K1 Cells)

120 T

CD data from separate study, ndl
run simulaneously with DE tests.
DE tests run minimum of 3 timas.
Error bars are SEM.
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Induction of Metaphase and Anaphase/Telophase Abnormalities by
Asbestos Fibers in Rat Pleural Mesothelial Cells In Vitro

Michel Yegles, Laure Saint-Etiehne, Annie Renier, Xavier Janson, and Marie-Claude Jaurand
INSERM U139, Hopital Henri Mondor, Créteil Cedex, and LEPI, DASES, Paris, France

The cytogenetic effects of asbestos fibers on rat pleural mesothelial cells were studied in vitro. Crocidolite
UICC significantly enhanced aneuploidy and produced few structural chromosome aberrations, whereas
anatase, an isomorphic particle, induced no numerical or structural changes. Mitomycin C (300 nM) pro-
duced a tenfold increase in abnormal anaphases compared with controls. Asbestos produced anaphase/
telophase abnormalities in a concentration-dependent manner. The majerity of the abnormalities involved
lagging chromosomes. Crocidolite UICC induced abnormalities at a dose of 70 ug/cm?, whereas Cana-
dian chrysotile did so at 1.0 to 2.0 pg/cm®. When the response was assessed by the number of long and
thin fibers per cm’ (length > 8 um; diameter < 0.25 um), crocidolite UICC produced more abnormali-
ties than Canadian chrysotile at all concentrations. On a per-weight basis, these findings differ from those
obtained after intrapleural inoculation, as crocidolite induced more mesotheliomas than chrysotile; how-
ever, on a per-fiber basis, the in vitro and in vivo effects were similar. These results show that anaphase/

telophase analysis is sensitive and complementary to metaphase analysis, and suggest that asbestos might
produce cell transformation by inducing chromosome missegregation and aneuploidy.

-

Lung cancer and pleural mesothelioma occur frequently in
asbestos-exposed populations. Neoplastic transformation of
mesothelial cells can be induced by exposure to asbestos
both in vive (1, 2) and in vitro (3). An understanding of the
mechanisms of cell transformation is important not only
from a fundamental point of view but to an increasing use
of other fiber types as well (4). It has been found that human
malignant mesothelioma cells show both losses and gains of
specific chromosomes (5, 6). Human mesothelial cells
treated in vitro with asbestos were found to be aneuploid (7),
and asbestos-induced mesotheliomas in rats show specific
chromosomal translgcations (8). Moreover, trisomy 1 seems
to be involved in spontaneous peritoneal mesotheliomas in
Fisher 344 rats (9) and possibly in the transformation of
pleural mesothelial cell (10). Lastly, human and rodent
mesotheliomas exhibit nonrandom karyotype abnormali-
ties (11). Chromosome chang¢® may thus be important in
asbestos-induced transformatién of mesothelial cells. As-
bestos produces aneuploidy and chromosome abnormalities
in a wide range of mammalian cells (12). Aneuploidy in-
duced by fibers seems to be due to chromosomal missegrega-
tion during anaphase. As fibers are internalized and accumu-
late in the perinuclear region (13), their presence during

(Received in original form November 9, 1992 and in final form February
18, 1993)

Address correspondence to: Marie-Claude Jaurand, INSERM U139, CHU
Heari Mondor, 94010 Créteil Cedex, France.

Abbreviations: rat pleural mesothelial celi(s), RPMC; titanium dioxide,
TiOa.

Am. J. Respir. Cell Mol. Biol. Vol. 9. pp. 186-191, 1993

mitosis could produce interactions with the microtubules
and chromosomes (14, 15). Hesterberg and Barrett (16)
reported that crocidolite produced a 20-fold increase in
abnormal anaphases in Syrian embryo hamster cells. In
Chinese hamster V79 cells, chrysotile and crocidolite both
induce abnormal segregation of chromosomes during ana-
phase (17).

So far, only Canadian chrysotile has been used to study
chromosomal changes induced by asbestos in rat pleural
mesothelial cells (RPMC) (18). This fiber type is a strong
inducer of numerical chromosome changes and produces
small but significant structural chromosome alterations,
but it is not know whether anaphase or telophase abnormali-
ties occur. '

In the present study, we report data on the cytogenetic
effects of Canadian chrysotile, crocidolite, and anatase
(TiO:) on RPMC anaphases and telophases. Mitomycin C,
knowa-for its ability to produce DNA recombination (19),
was used as a positive reference. Investigations of aneuploidy
and chromosomal aberrations were carried out with crocido-
lite and anatase.

Materials and Methods

Mineral Samples

Crocidolite, an amphibole fiber, was obtained from the
Union Internationale Contre le Cancer (UICO), and Cana-
dian chrysotile fibers were provided by the Société Nationale
de 'Amiante (Sherbrooke, Quebec, Canada). Anatase (ti-
tanium dioxide, TiO,) was a gift from INERIS (Verneuil-
en-Halatte, France).
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TABLE 1
Particle granulometry

Number of Asbestos or TiO, particles

% (x 106/#8)
Length > 8 um,
Fibers Diameter € 0.25 um Total
Canadian chrysotile 1.5 34.5
Crocidolite UICC 0.07 5.3
Anatase - 2,200.0

Asbestos and anatase were suspended at 1 mg/ml in cul-
ture medium and sonicated for S min at 2 W (20 KHz).
Granulometric studies were performed by means of electron
microscopy. An aliquot of the fiber suspension was filtered
through a Nuclepore filter, which was then dissolved on elec-
tron microscope grids. The length and diameter of the fibers
were determined. Following incubation with cells, the parti-
cle concentration is expressed as ug/cm? of culture dish to
take into account particle setting; 1 ug/cm? is equivalent to
5 ug/ml of medium for the metaphase analysis and to 3 ug/ml
for the anaphase/telophase analysis.

Chemicals

Mitomycine C was from Sanofi (Choay, Paris, France), col-
chicine was from Sigma Chemical Co. (St. Louis, MO), and
ethanol (Normapur, Paris, France), methanor,‘ and acetic
acid were from Prolabo (Paris, France).

Cell Culture

RPMC established in our laboratory were used (20). The
cells were grown as a monolayer in Ham’s F10 medium

(GIBCO, Grand Island, NY) supplemented with 10% fetal
calf serum (Boehringer, France), 50 pg/ml streptomycin,
and 100 U/ml penicillin (GIBCO). The medium was buffered
with 1 mM Hepes (GIBCO), at pH 7.3 to 7.4. Confluent
monolayers were routinely subcultured by detachment with
0.25% trypsin + 0.02% EDTA (Eurobio, Les Ulis, France).
RPMC were mycoplasma free.

The cells maintained a stable phenotype until about 15 to
25 passages (40 to 70 doublings), depending on the culture
conditions, and were used routinely up to 20 passages.

Aneuploidy and Chromosomal Aberration Test

This test was performed as described elsewhere (18). RPMC
(8 X 10°) were seeded in 25-cm’® plastic flasks (Costar,
Cambridge, MA) and incubated for 24 h before treatment.
Particles (anatase: 2, 5, and 10 ug/cm?; crocidolite: 1, 2, 4,
and 6 ug/cm’) were added to the cultures, which were in-
cubated for an additional 48 h. Colchicine was then added
(final concentration, 0.4 ug/mi) for 20 min.

Cells were detached with 0.25% trypsin + 0.02% EDTA,
centrifuged (1,400 rpm for 10 min), then resuspended and
incubated for 20 min in 0.075 M KCl at 37°C. They were
fixed 3 times with 3:1 ethanol/acetic acid. For each treat-
ment, 50 well-spread metaphases were examined.

Aneuploidy was determined by measuring chromosame
number, and chromosomal aberrations were scored
ing to Savage (21). Aberrations were classified according to
chromatid gaps (g), chromatid breaks (c), chromosomal
breaks (C), and minutes (M).

Analyses were performed in blinded conditions. Aneu-
ploidy and the number of aberrant cells were compared with
controls by using the chi-square test.

TABLE 2
Aneuploidy analysis of RPMC exposed to crocidolite or anatase

- Number of Metaphases with the Indicated

Agent

Number of Chromosomes

Experiment
pglem? Part./cm? (X 10% No. <38 38-40 41 42 43 > 43 % of Aneuploidy
Crocidolite )
0 0 1 3 | 0 42 4 0 16
2 0 2 14 33 0 1 33
1 3.0 1 1 1 1 45 2 0 10
2 60 .~ 1 2 1 3 44 0 0 12
4 8.0 1 14 7 6 23 0 0 54%
2 4 i1 17 17 1 0 661
6 12.0 2 4 8 15 22 1 0 56%
Anatase
0 0 1 1 1 0 39 3 6 22
2 0 3 11 36 0 0 28
2 4,400 1 0 4 6 36 1 4 28
2 0 1 11 36 1 1 28
5 11,000 1 1 2 0 39 3 5
2 0 1 10 38 1 0 22
10 22,000 1 0 0 6 36 2 6 28
2 0 3 11 36 0 0 28

Definition of abbreviation: Part. = particles or fibers.
* P < 0.00! (chi-square test).

t P < 0.01 (chi-square test).

+ P < 0.05 (chi-square test).

=¥



TABLE 3

Analyvsis of aberrations of RPMC treated with
crocidolite or anatase

Agent Number of Aberrations
Experiment —y—— -
pgiem’ Part.icm* (X 10% No. c g C M Total
_________________-————————_____/r
Crocidolite
0 0.0 1 01t 0 O I
2 0o 0 0 O (0]
1 3.0 1 0 1 0 2
2 6.0 i i1 1 0 0 2
4 12.0 1 1 0 0 O 1
2 01 0 1 2
6 18.0 2 0o 1 4 1 6*
Anatase
0 0 1 00 0 O 0
2 00 0 O 0
2 4,400 1 00 0 O 0
2 0 0 0 O 0
5 11,000 1 00 0 O 0
2 00 0 O 0
10 22,000 1 00 0 1! 1
2 0o 0 0 | 1

Definition of abbreviations: Part. = particles or fibers; ¢ = chromatid break:
= chromatid gap: C = chromosome break; M = minute.
* P < 0.05 (Fisher's exact test).

Anaphése/Telophase Abnormalities Test ..

Cells (3 x 10°) were plated into 9-cm’ slide flasks (Nunc,
Copenhagen, Denmark) in 3 mi of medium and incubated for
24 h before treatment. Agents (mitomycin C: 0.3 pM; ana-
tase: 0, 5, 7.5, and 10 pg/cm’; Canadian chrysotile: 0, 0.5,
10, 1.5, and 20 pglem’; crocidolite: 0, 0.9, 1.8, 3.5, and 7
ug/cm’) were added to the medium, and the cultures were
incubated for 48 h at 37°C.

Cells were fixed and stained using a modified method of
Wissinger and associates (22), then fixed with fresh metha-
nol:acetic acid (3:1). The flasks were then opened and air-
dried overnight. The slides were placed in 5% perchloric
acid at 4°C for 24 h to remove RNA, then rinsed several
times in distilled water for 10 min and air-dried overnight.
As Brilliant Blue R and.safranin O gave inadequate contrast,
we applied 3% Giemsa for 10 -min. Only cells with clearly
separated poles were scored. An anaphase/telophase was
considered abnormal if the cell contained lagging chromatin,
bridges, or asymmetric segregation. “Lagging chromatin” in-
cluded chromatids, chromosomes, 4nd fragments. A bridge
was a side-arm bridge in which the sister chromatids were
still partially connected. Asymmetric segregation was re-
corded when the two poles were disproportionate in size of
when a multipolar segregation occurred. A total of 150 ana-
phases/telophases were scored for each treatment. Fisher’s
test was used to test differences between results obtained
from controls and treatments.

Results
Granulometric Studies of Fibers
The number of fibers per unit weight is given in Table 1.

a————

Figure 1. Micrographs of various types of anaphase/telophase ab-
normalities 1n RPMC treated with asbestos: (A) lagging chromatin;
(B) bridge plus lagging chromatin; (C) multipolar segregation plus
lagging chromatin. Bar = 10 um. Fibers can be seen in the cells
(arrows).

Metaphase Analysis

Aneuploidy. Compared with control cultures (Table 2),
there was no significant increase in aneuploidy after treat-
ment with anatase (2, S, and 10 pg/cm?). Crocidolite UICC
induced a significant increase in metaphases at 4 and 6
pg/cm?, with numerical chromosoine changes (P < 0.01).

Chromosome aberrations. In the control cuitures, 0.5 +




Yegles, Saint-Etienne. Renier ef di..

TABLE 4

Anaphase and telophase analysis of
RPMC exposed to mitomycine C

Abnormal Mitosis (%)

Normal N
Dose Experiment Mitosis Lagging Asymmetric
(nM) No. (%) Chromatin Bridge Segregation Total
0 1 98.0 2.0 0.0 0.0 2.0
2 94.7 4.7 0.6 0.0 5.4
300 1 46.7 433 33 4.7 51.3*
2 46.0 38.7 4.7 4.0 54.0*

* Statistically significant values of P < 0.001 (chi-square test).

1% of cells showed chromosome aberrations (mean of four
experiments) (Table 3). Anatase did not induce chromoso-
mal changes, whereas crocidolite UICC did so only at 6 ug/
cm? (mainly chromosome breaks).

Anaphase/Telophase Analysis

Figure 1 shows various types of abnormal anaphases in
RPMC cultures. Control cultures showed a high proportion
(96 + 1.6%) of normal anaphase/telophases (mean of nine
experiments) (Tables 4 to .

Mitomycin C (300 nM) produced a 10-fold increase in ab-
normal anaphases (mainly lagging chromosomes) compared
with the untreated controls (Table 4). Anatase did not
significantly increase abnormal mitoses (Taple 5).

Crocidolite UICC (Table 6) induced a significant en-
hancement of anaphase abnormalities at 70 ug/cm?, whereas
Canadian chrysotile (Table 7) did so at 10, 1.5, and 20
pg/cm?. Thus, when we compared the effects of chrysotile
and crocidolite on a per-weight basis (Figure 2), more abnor-
malities were obtained with chrysotile. In terms of the num-
ber of total fibers per cm?, crocidolite UICC at 37.1 X 10¢
total fibers/cm? (7 pg/cm?) induced about 20% of abnormal
anaphases, whereas Canadian chrysotile at 69.0 x 10° total
fibers/icm? (2.0 pg/cm?) produced 26.7% of abnormal
anaphases (Tables 6 and 7). Thus, considering the number of
total fibers per cm? (Figure 2), crocidolite produced ap-
proximately the same percentage of abnormalities as chryso-
tile at all the concentrations tested. In contrast, on the basis
of the number of fibers defined by Stanton and colleagues

-~ TABLE 5
Anaphase ang telophase analysis of
RPMC &posed to anatase

Dose Abnormal Mitosis (%)
Experi- Normal
Part./cm* ment Mitosis

pglem?  (x 10% No. (%)

Lagging Asymmetric
Chromatin Bridge Segregation Total

0.0 00 1 96.7 33 0.0 0.0 33
2 93.3 6.7 0.0 0.0 6.7
5.0 11,000 1 97.3 2.0 0.7 0.0 2.7
2 96.0 2.7 0.7 0.7 4.0
7.5 16,000 1 96.0 40 0.0 0.0 4.0
2 94.7 33 0.7 1.3 5.3
10.0 22,000 1 96.7 2.7 0.7 0.0 33
2 94.3 4.7 1.3 0.0 6.0

Definition of abbreviation: Part. = particles or fibers.
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TABLE 6

Anaphase and telophase analysis of RPMC
exposed to UICC crocidolite

Dose ) Abnormal Mitosis (%)
Experi- Normal

fibers/cm® ment Mitosis Lagging Asymmetric
ugicm?* (x 10%  No. (%) .Chromatin Bridge Segregation Total
0.0 0.0 1 96.0 2.7 0.7 0.7 43
2 97.8 2.7 0.0 0.0 25
3 94.7 4.7 0.7 0.0 53
0.9 2.7 2 96.0 2.7 0.7 0.7 4.0
3 96.0 2.7 1.3 0.0 4.0
1.8 5.4 1 91.3 7.3 0.7 0.7 8.7
2 85.3 10.0 33 1.3 14.7*
3 91.4 4.6 1.3 2.6 8.6
35 10.5 i 90.7 6.7 1.3 1.3 9.3
2 86.0 73 2.0 4.7 14.0*
3 88.7 8.0 0.7 2.7 1.3
7.0 21.0 1 84.7 10.7 2.0 2.7 15.3*
2 76.7 12.0 2.0 9.3 23.3*
3 79.3 8.0 1.3 1.3 20.7*

* P < 0.001 (chi-square test).

(23) as the most carcinogenic (length > 8 um, diameter €
0.25 um), crocidolite was more efficient than chrysotile.
Furthermore, the two fibers acted in a concentration-
dependent manner (Figure 2). The predominant abnormality
was lagging chromatin, mainly involving whole ejromo-~»
somes. Bridges were significantly enhanced with mitomycin
C but not with crocidolite; chrysolite produce a-dose-
dependent enhancement in one experiment.

Discussion

We studied the induction of metaphase and anaphase/telo-
phase abnormalities in RPMC by asbestos fibers. Anatase
did not produce metaphase abnormalities, while crocidolite
significantly enhanced aneuploidy but produced few struc-
tural chromosome aberrations. This is in agreement with a
study of V79 cells (17) in which 6% of treated cells showed
aberrations after incubation with approximately 10 pg/cm’

TABLE 7
Anaphase and telophase analysis of RPMC
exposed to Canadian chrysotile
Dose Abnormal Mitosis (%)
Experi- Normal
fibers/cm?* ment Mitosis Lagging
ag/cm? (x 10%  No. (%)

Asymmetric
Chromatin Bridge Segregation Total

0.0 0.0 1 96.7 2.7 0.7 0.0 33
2 97.3 2.0 0.7 0.0 2.7
0.5 17.3 1 88.7 8.7 2.0 1.3 12.0*
2 9.7 53 1.3 0.7 4.0
1.0 34.5 1 88.0 11.7 0.0 0.7 12.0*
2 88.7 8.7 2.0 0.7 11.3*
1.5 51.2 1 72.0 22.0 4.0 1.3 28.0¢
2 75.3 20.7 2.7 0.7 24.7¢
2.0 69.0 1 74.0 23.3 2.0 0.7 26.0%
2 72.7 19.3 7.3 0.7 27.3¢

* Statistically significant values of P < 0.01 (chi-square test).
t Statistically significant values of P < 0.05 (chi-square test).
t Statistically significant values of P < 0.001 (chi-square test).

PG
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sotile and crocidolite UICC produced abnormal segregation

30 1 . - .
(a) of chromosomes in RPMC. Canadian chrysotile was more
mutagenic than crocidolite UICC on a per-weight basis; in
20 - contrast. on the basis of the number of fibers with critical

' dimensions as defined by Stanton and colleagues (23),

crocidolite was more efficient. Mitomycin C was a very
10 A powerful inducer of abnormal anaphase/telophase, confirm-
ing that DNA recombination can produce chromosome mis-
segregation in these cells. Anatase, an isomorphic particle,
produced no increase in abnormal anaphases, in agreement
with the metaphase analysis in which no aneuploidy was de-
tectable.

In similar experiments carried out with Syrian hamster
30 7 embryo cells (16), crocidolite (3 x 10° fibers/cm®) pro-
duced 18% of abnormal anaphases (compared with 0.8% in
controls), whereas with Chinese hamster lung cells V79 (17)
20 crocidolite induced 4.9% of abnormal anaphases at 4.2 X
(0 10¢ fibers/cm? and 9.7% at 4.2 X 10’ fibers/cm’ (compared

with 2.3% in controls). In our experiments, we observed a
10 7 rate similar to that obtained with V79 cells at low concentra-
tions, but it reached about 20% when the amount of fibers
was increased eightfold. RPMC thus seem to be less sensi-
tive to crocidolite than Syrian hamster embryo cells, but
more sensitive than V79 cells. Pakekar and co-workers (17)
have reported that the results of anaphase analysis are limited
by the reduction in anaphase figures, but this was not ob-
served with RPMC at the concentrations we tested. Despite
a concentration-dependent reduction in the numbegof Mg, -
totic figures due to an increasingly cytotoxic effect of the -
fibers, it was possible to analyze 150 anaphase/telophases in— -

% of abnormal anaphases

0 T T v |
0 2 4 6 8

Dose (ug/cm?)

% of abnormal anaphases

6 1o 20 30 40 so 6 70
Total fibers/cm? (x1 0%)

9% of abnormal anaphases
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Stanton fibers/cm? (x10°)

Figure 2. Anaphase/telophase response of RPMC according to the’

fiber amount: (a) weight; (b) total number of fibers; (c) Stanton -

fibers. Data shown following treatment with (squares) crocidolite
UICC and (diamondgCanadian chrysotile.

crocidolite. In contrast, 19% of Chinese hamster lung cells
showed structural aberrations-after treatment with 5 ug/em?
crocidolite (24) and rates of ugeto 30% have been reported
with ovarian cells (25). These dffferences might be due to the
cell type and/or the culture medium. However, it should be
noted that our experiments were not carried out in the best
conditions to observe chromosomal aberrations since the
cells were mainly at their second mitosis. A significant de-
crease in the number of diploid RPMC (42 chromosomes)
was observed after exposure to 4 and 6 pg/cm’ crocidolite
and mostly associated with hypodiploidy; similar results
have been reported by Lechner and associates (7) with hu-
man mesothelial cells treated with amosite. In a previous
study, we observed a significant decrease in the number of
diploid RPMC with 0.4 pug/cm’ chrysotile, confirming that
chrysotile is more effective on a per-weight basis (17).
Studies of anaphase/telophase showed that Canadian chry-

each group.

Our results show that two types of asbestos fibers induc-
ing mesothelioma in animals produce mitotic damage in
mesothelial cells, contrary to a noncarcinogenic compound,
anatase (26). The asbestos samples studied here have been
tested in rats by intrapleural inoculation to determine their
carcinogenic potency. After injection of 20 mg, the tumor
yields were 56% for crocidolite (27) and 29% for Canadian
chrysotile (28) (0% for both controls). Moreover, a given
number of amphibole fibers (length > 8 um; diameter <025
pm) produced more mesotheliomas than did chrysotile (29).
The results obtained in the anaphase/telophase test showed
the same order of toxicity for chrysotile and crocidolite only
when the number of fibers with critical dimensions as
defined by Stanton and colleagues (23) was taken into con-
sideration. There is, thus, a qualitative correlation between
in vitro and in vivo findings when comparisons are made on
the basis of the relevant number of fibers. We have found
differences in the degree of fiber dispersion in the various
methods used to prepare fibers for animal and cell studies.
This is especially true with chrysotile, where the different
preparations have been found to vary by a factor of 7, proba-
bly due to the presence of protein in the medium, which
favors the opening of bundles. Generally, only one high dose
of fiber is tested for tumor induction in vivo; in contrast, a
range of concentrations is studied in vitro using relatively
Jow doses. A single intrapleural inoculation generally de-
posits 20 mg at the surface of the pleura, while a maximum
of 2 mg is deposited on a surface area of 200 cm’ in vitro,
which approximately corresponds to the total rat pleural sur-
face (30).
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[t has been suggested that neoplastic transformation by as-
bestos is a multistep process (31), and several mechanisms
such as chromosome missegregation (16, 17), chromosomal
mutations (32, 33), and DNA change (34) by production of
oxygen reactive species (35) may be involved.

It is not clear whether chromosome missegregation
caused by fibers is due to direct physical effects with normal
cell division and/or to a chemical effect on the mitosis ap-
paratus. As reported by Wang and colleagues (14), chromo-
somes are frequently in close contact with long, thin UICC
chrysotile fibers in vitro; such chromosome-asbestos inter-
actions were less frequent with crocidolite UICC than with
chrysotile. Rieder and associates (15) proposed that chromo-
some missegregation may be due to steric phenomena (phys-
ical interaction of long fibers trapped in the spindle or with
kinetochore, the motor of chromosome segregation, or with
the chromosomes) or to charge-charge interactions of fibers
with the mitosis apparatus. These interactions seem to be de-
pendent on fiber dimensions and could conceivably interfere
with chromosome segregation. These findings suggest a
mechanism at the chromosomal level whereby asbestos
might contribute to the initiating/progression phase of cell
transformation.

Finally, our results confirm that anaphase/telophase anal-
ysis is a sensitive and complementary assay to metaphase an-
alysis (chromosome structural aberrations and aneuploidy).
A systematic study of other fibers with differegt properties
may provide a better understanding of the mechanism of
aneuploidy induction.

Acknowledgmenss: The writers thank Laurence Kheuang (INSERM Ui39) for
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May 26, 1993 x

Document Control Officer

Chemical Information Division

Office of Toxic Substances (WH-557)
Environmental Protection Agency

401 M Street, S.W.

Washington, D.C. 20460

To Whom It May Concern:
The following report is being sent to you on an F.Y.I basis.

A study of the in vitro toxicology of diatomaceous earth (DE) products has been completed
at Mountain Technical Center (MTC) of Schuller International, Inc. Findings are
summarized below; complete report is attached. “ T

o ¢ e =T
At this time, there are no known in vitro tests that have been validated to predict the ’
pathogenic potential of respirable dusts to the whole organism. It is not knawn to what, if
any, extent the results from in vitro tests reflect what happens in the whole organism.

In Vitro toxic effects of four siliceous dusts were evaluated in cultures of Chinese hamster
ovary (CHO) cells using four toxic endpoints: inhibition of proliferation, colony forming
efficiency, cell viability as measured by' tntracellular esterase activity, and micronucleus
induction. Natural and flux-calcined (heated to >2000°F with soda ash; decreases surface
area by mielting and closing smaller porosities) diatomaceous earth (DE) products were
size-separated to provide two respirable subpopulations of the bulk product. These two.. -
respirable subpoBulations were used as the test dusts for the in vitro studies; they are
designated Nat and FC, respectively. Toxic effests of Nat and FC were compared with
those of two pure crystalline silica reference dusts, a-quani and cristobalite, as well as
TiO, and UICC crocidolite asbestos (CD). All four silica dusts elicited a qualitatively
similar, concentration-dependent response pattern in the CHO cells, consisting of particle |
uptake, visible nuclear alterations (micro-, multiple-, and/or misshapen nuclei), reduction in
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cell proliferation and colony formation, and no evidence of decreased cell viability. This
same pattern has been observed in CHO and other cultured cells exposed to crocidolite and
other mineral and vitreous fibers. However, the severity of toxic response varied among
the test particulates. When the EC50's (concentration which reduced cell proliferation to
50% of negative controls) of the 4 silica dusts were calculated as ug/cm2, Nat was the most
toxic (ECSO0 = 4 pg/cm?) and cristobalite was least toxic (EC50 = 25 pg/cm?). The ranking
shifted when concentration was calculated as number of particles/cm?: FC was the most
toxic (ECS0 = 860 x 103), Nat and cristobalite were similar (EC50 = ~2000 x 103), and a-
Quartz was least toxic (EC50 = 8400 x 103). In an attempt to determine the causes of these
differences in toxicity, various parameters (crystallinity, surface area, particle dimensions,
% fibrous particles) of the four dusts were compared. Natural DE is primarily amorphous
while flux calcined DE is 40% crystalline and the two reference dusts are >96% crystalline.
The number of particles/g was 6.5-fold greater in Nat than in FC, and Nat was estimated
to have a 10-fold greater surface area than FC. One possible cause of toxic differences
could be a combination of surface area and surface chemistry resulting in different

adsorbence capacities of the various particulates for cellular constituents. Another possiblg
cause of toxic differences could be percentage of particles that are fibrous (length/diameter

> 3). When ECS50's are calculated as number of fibers longer than 7.5 um per cm?, the
EC50's for Nat, FC, cristobalite and CD are very similar to each other (214, 259, 214 and
384, respectively, x 103). A-quartz and TiO; had no fibrous particles. Further
investigations of DE materials are needed to test these hypotheses. A clarification of the
relationships between toxicity and particle characteristics could provide a major step toward
an understanding of the cellular mechanisms of particulate toxicology.

Sincerely,

wﬁc&@o‘@%é

/ PR
Georgia A. Hart
-Biologist

&,

Thomas W. Hestert?'crg
Senior Toxicologist
Health Safety and Environment

cc: R. Anderson, A. Jankousky, R. Versen, J. Chase, R.Batson, M. Merliss

(International Diatomaceous Earth Producers Assoc.), M. Fleischman (Celite Corp.), V.
Vu (US EPA)
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In Ditro Toxicology of Size-Selected Fractions of
Diatomaceous Earth Products

G.A. Hart and T.W. Hesterberg
Mountain Technical Center, Schuller Internatonal, Littleton, Colorado

ABSTRACT

In Vitro toxic effects of four silicon dusts were evaluated in cultures of Chinese hamster
ovary cells (CHO) using four toxic endpoints: inhibition of proliferation, colony forming
efficiency, viability as measured by intracellular esterase activity, and micronucleus
induction. Natural and flux-calcined diatomaceous earth (DE) products were size-separated
to provide two respirable test dusts, Nat and FC, respectively. Toxic effects of the two
diatomaceous earth dusts were compared with those of two pure crystalline silica reference
dusts (a-quartz and cristobalite), TiO, and UICC crocidolite asbestos (CD). All four silica
dusts elicited a similar, concentration-dependent response pattern in the CHO cells,
consisting of particle uptake, visible nuclear alterations (micro-, multiple-, and/or

misshapen nuclei), reduction in cell proliferation and colony formation, and no evidence of .
decreased cell viability. This same pattern has been observed in CHO and other cedl .

cultures exposed to crocidolite and other mineral fibers. However, the severity of toxic

response varied among the test particulates. When the EC50's (concentration which -

reduced proliferation to 50% of negative controls) of the 4 silica dusts were calculated as
ng/cm?2, Nat was the most toxic (ECS0 = 4 pg/cm?) and cristobalite was least toxic (EC50
= 25 pg/em?). The ranking shifted when concentration was calculated as number of
particles/cm? -- FC was the most toxic (ECS0 = 860 x 103), Nat and cristobalite were
similar (EC50 = ~2000 x 103), and a-Quartz was least toxic (EC50 = 8400 x 103). In an
attempt to determine the causes of these differences in toxicity, various parameters
(crystallinity, surface area, particle dimensions, % fibrous particles) of the four dusts were
compared. Natural DE is primarily amorphous while flux calcined DE is 40% crystalline
and the two reference dusts are >96% crystalline. The number of particles/ug was 6.5-fold
greater in Nat than in FC, and Nat was estimated to have a 10-fold greater surface area than
FC. One possible cause of toxic differences could be a combination of surface area and
surface chemistry resulting in different adsorbencies of the various particulates for cellular
constituents. Another possible cause of toxic differences could be percentage of particles
that are fibrous (length/diameter 2 3). When EC50's are calculated as number of fibers
longer than 7.5 umyper cm2, the EC50's for Nat, FC, cristobalite and CD are very similar
to each other (2147 259, 214 and 384, respectively, x 103). A-quartz and TiO; had no
fibrous particles. Further investigations of DE materials are needed to test these
hypotheses. A clarification of the relationships between toxicity and particle characteristic
could provide a major step toward an understanding of the cellular mechanisms of
particulate toxicology.
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INTRODUCTION

In vitro cytotoxicity of particulates has in some cases paralleled in vivo pathogenesis (Hart
et al., 1992). However, the in vitro responses of cells to a toxin may vary greatly
depending upon the cell type and the species of origin. Therefore, no single in vitro test
system has been demonstrated to predict the toxicity of a substance in the whole animal.
Furthermore, some in vivo correlates of particulate toxicity cannot at this time be measured
in vitro, such as lung deposition and clearance and long term biopersistence. Therefore, a
battery of in vitro tests is recommended as a means of screening materials for their
toxicologic potential, followed by short term animal inhalation studies to determine lung
deposition and clearance, and finally long term animal inhalation studies 1o determine

biopersistence and pathogenesis (Hesterberg et al., 1991).

The purpose of the present study was to develop data which might contribute to a better
understanding of the cellular mechanisms of particulate toxicity. To this end, the study
utilized size-selected, respirable diatomite subfractions which were well characterized in
terms of particle number/jLg, size, shape and crystallinity. These subfractions should be
further characterized for surface area and chemical composition.

The in vitro systems herein described utilized four different assays, each of which
measures a diffcrcntsaramctcr of toxicity: cell prolifegation, viability, colony forming
efficiency and abnormal nucleus induction (methods described in Appendix). In vitro cell
responses to size-selected sub-fractions of two diatomite types (natural and flux calcined)
were compared with responses to two reference chemicals (cristobalite and a-quartz), all of
which were composed of particles within the respirable range. Two tests also included

titaniumn dioxide particles, which is generally considered to be a nontoxic, nuisance dust.
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In these assays, the in vitro toxicity of size-selected diatomites is quantitatively similar to
that of crocidolite asbestos. DE also induced abnormal nuclei that were similar to those
induced by CD and other vitreous fibers (Hart et al., 1992a, 1992b); howev.cr, some
qualitative differences were noted between DE-induced and fiber-induced abnormalites,
respectively (see Results ). In contrast to the diatomites, the in vitro toxicity of the two
reference crystalline silica particulates (cristobalite and quartz) was relatvely low and

similar to that observed with titanium dioxide.

Suggestions for follow-up in vitro research include the use of lung cell types derived from
the actual target tissues of particle-induced respiratory disease in hurnans and animals (lung
epithelium, macrophages, mesothelium and/or fibroblasts). To determine the partcle
characteristics that are responsible for the toxic effects, assays could be conducted using an 7, _

assortment of different DE dusts that have been altered in various ways, ¢.g., particle size

and shape, total surface area, and chemical composition (see Discussion).
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TEST PARTICULATES
Selection of Test Particles, Rationale

Natural and flux calcined diatomaceous earth (DE) were obtained from Celite Corporation
and subjected to a size-separation process in the MTC Particle Preparation Laboratory (see
next section). These two diatomite forms have some similarities as well as important
differences (Table 1.). Both are composed of fine, porous silicon dioxide particles in a
variety of sizes and shapes (see photographs, Figure 1A-H.)). The Materials Safety and
Data Sheets (MSDS) provided by Celite for these two products show a major difference in
crystallinity. Natural DE is mostly amorphous silica, with less than 3% crystalline quartz.
Flux calcined DE has a much higher crystalline content; it also contains no more than 3% «
quartz but can be as much as 60% cx;istobalite (Table I). This agrees with the crystaﬂinjty
analysis performed on the bulk products at MTC: natural DE had 3.98% quartz and no
cristobalite; flux calcined DE had 1.95% quartz and 39.59% cristobalite.

Other differences between the two forms of DE that could influence toxicity could exist in
surface area, porosity, density, size, shape and surface chemistry. Surface area in bulk
natural DE is 10- to 20-fold greater (roughly 20 cubic meters/gram) than in flux calcined
(approximately 1-2 cubic meters/gram). Porosity is generally believed to be less prevalent
and finer in flux calgined than in natural DE (verbal communication, Garth Coombs,
Schuller Int., Inc.). Density (nﬁmbcr of particles/unit mass), size and shape were
evaluated for the size-selected test particles (Table I1.) and are discussed in Results.

Surface chemistry was not analyzed in the present study.

The alpha-quartz and cristobalite particles used in this study are respirable reference

chemicals from the U.S. National Bureau of Standards (NBS). These two particulates are
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two different, pure crystalline forms of silicon dioxide (96% and 98% purity, respectively).
Quartz and cristobalite were selected for use in the study in order to evaluate the toxic

impact of crystalline versus amorphous silicon dioxide.

The toxic effects of DE are compared with the toxicity of Union Internatonale Contre
Cancer (UICC) crocidolite asbestos (CD), which was evaluated in the MTC In Vimro
Laboratory in a separate study. CD was obtained from V. Timbrell*. Titanium Dioxide

was obtained from the U.S. National Bureau of Standards, Standard Reference No. 154a.

Test Article Preparation and Characterization

Natural diatomite and flux calcined diatomite products were subjected to a size-selection ¢ e T
process at MTC to provide a test material of each that is composed of particulates within the |
respirable size range. The size-selected fractions of these two materials are designated S-

Nat and S-FC. CD and the three reference chemicals, cristobalite, alpha-quartz and

titanium dioxide, were not size-selected because they were in the respirable size range as

supplied.

Because Particle size and geometry are known to be critical determinants of toxicity,
especially with fibrous materials, length, width and aspect ratio (length/width) were
determined for eaclof the test articles using scanning electron microscopy (SEM). Length
and width were determined for each of 100 particles by measuring first the longest axis and
then the perpendicular axis that appeared to be representative of the width of the particle.
Data are summarized in Table IT and graphed in Figure 2. S-Nat and S-FC are composed
of particles in a variety of shapes and sizes, some of which (38% and 36%, respectively)

are more or less fibrous (fibrous is here defined as having an aspect ratio > 3). In Figure

* Dr. V. Timbrell, Pneumoconiosis Research Unit, Llandough Hospital, Penarth, Glamorgen, U.K.
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1, it can be seen that S-Nat has a population of particles that are similar in size to those of
S-FC, but the former alsl) contains a second population of particles that are much smaller
than those of the latter. Average dimensions of the constituent particles of natural DE are
3.8 +3.9um X 1.3 £ 1.0 pm and of flux calcined DE are 5.9 +4.1 um X 2.1 + 1.5 um.
Cristobalite particles fall roughly in the size ranges of the diatomites and a portion (21%) of
these are fibrous (aspect ratio >3), while alpha-quartz particles are much smaller and do not
have a significant portion of fibrous shapes. Figure 1 also includes an electron micrograph

of titanium dioxide particles at approximately 1000X.

The toxicity of fibers may be influenced more by particle number than by particle mass Hart

et al., 1992a and 1992b). The same may be true for non-fibrous particulates. Therefore

r

the number of particles/ig was determined for each of the test articles (Table IT). Note titht .-
the number of particles/jLg is roughly eight times greater for S-Nat and quartz (514,000 and )
525,000 particles/jg, respectively) than for S-FC and cristobalite (78,000 and 75,000
particles/jig, respectively), Table II. The higher number of particles/pg in S-Nat and quartz
could be related to smaller average particle sizes, particularly the smaller diameters of these
two materials (1.3 and 1.1 um, respectively). Differences in porosity may also play arole
in that flux calcined DE particles may be less porous and therefore heavier, resulting in
fewer pafticles per unit mass. Differences in porosity would also result in differences in
surface area, which could in turn impact toxic effect if surface chemistry is involved in
toxicity (e.g.., adsdrption and subsequent disruption of cellular components). Future
studies should determine the surface area of the size-selected particulates as well as the bulk

starting material. Surface chemistry should also be analyzed.
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METHODS AND MATERIALS

The four assays used to assess the in vitro cytotoxicity of the test articles are described

below. Methodologies are summarized in the Appendix .
Cell Proliferation Assays

Two different assays were used to measure the potential of the test material to inhibit cell
proliferation: the "Inhibition of Cell Proliferation” (ICP) and the "Colony Forming
Efficiency" (CFE) assay. Each testincluded 3-4 concentrations of each test material,
negative controls of cells in growth medium only, and 3 replicates of each exposure. Each

of the two assays was conducted a minimum of three times. These two assays do not

distinguish between the cessation ef cell division and the outright killing of cells. ‘-

Cell Viability Assay

The esterase activity viability (EAV) assay was utilized to assess cell viability. Cultures of
CHO-K1 cells were exposed to a high concentration of the test article for three days and
harvested as described for the ICP assay. S_uspcnsions of the harvested cells were treated
with carboxyfluorescein (CF), a non-fluorescent ester, which is taken up by both viable
and non-viable c;lls. The intracellular CF is cleaved by cytoplasmic esterases and then
becomes both polaf and fluorescent. The polar compound accumulates in the viable cells
because the intact membranes of healthy cells do not permit polar molecules to escape. The
non-viable cells, with damaged membranes, lose the dye as rapidly as it forms and |

therefore do not fluoresce.
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Nuclear Abnormality Assay

The impact of the test articles on nuclear material was assessed by an assay which measures
the induction of nuclear abnormalities (INA). This assay was developed from a standard
genotoxicity assay which measures the incidence of micronucleus formation. A
micronucleus is believed to form as a result of chemical or mechanical breakage of
chromosomes or disturbance of chromosome migration during cell division. In previous
cell culture studies with asbestos, small groups of chromosomes or chromosome fragments
were displaced from the two masses of chromosomes which had migrated to the opposite
poles of the dividing cell (Hesterberg and Barrett, 1985). These 'lost' chromosomes
become incorporated in their own nuclear membrane and appear as a small, secondary
nucleus alongside the main cell nugcleus. ¢
Micronucleus formation, with few other visible nuclear deformities, is typically induced in
CHO cells as a result of reatment with a soluble chemical carcinogen such as mitomycin.
However, in vitro exposure to certain particulates, such as asbestos and some other mineral
fibers, induces a range of nuclear abnonnalities, including micronuclei, multiple nuclei, and
many-lobed nuclei. Other studies have shown a dose-dependent increase in structural and
numcricabchro_mosomal changes with increasing concentrations of asbestos or other
mineral fibers (Sincock, et al., 1982). In our laboratory, the incidence of nuclear
abnormalities incriases with increasing CD concentration, suggesting that these
abnormalities are related to chromosomal changes induced by the fibers. Therefore, the
INA assay used in this study determines the incidence of all of the above nuclear

abnormalities.
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Inhibition of Proliferation with Particle-Exposed Medium versus

i

Particulates

Toxic effects observed following exposure to the test particles could be a result of one or
more phenomena, including: (1) direct contact between particles and cells, in which
particle size, shape and/or surface chemis_try impacts cell structure; (2) removal of essential
growth substances from the culture medium as a result of the adsorption of these
substances onto the surface of the test particles; or (3) release of toxic chemicals into the
growth medium as a result of test particle leaching. The second two possibilities were

tested using proliferation assays as described below.

To test the toxicity of the particle-exposed medium from each of the respective test
particles, growth media were prepared with a high concentration of each of the particles and
incubated approximately 24 hrs. at 37°C with gentle rocking. For negative controls,
growth medium without test particles was incubated similarly. All five aliquots of medium
(with or without particulates) were cenwrifuged, and the supemnatant of each was filtered
through Millipore filter (a 0.45 pum filter was used in the first test; a 0.22 pm filter was
used in the second test). The filtrate was then added to culture dishes containing actively
growing celis. Other cultures were exposed to growth medium containing the test partcles.
Incubation, harvesting and counting procedures were followed as described in the
Appendix for the ICP test. The filtrate was examined for the presence of particles.

Because 200,000-400,000 particles/ml were observed in the filtrates of the first test (data
not shown), a .22 pm filter was used in the second test. Filtrates in the second test had
approximately 2,000-4,000 very fine particles/ml (unfiltered diatomite suspensions.used in
this test contained approximately 8 X 108 S-FC particles/ml or 40 X 105 S-Nat
particles/ml).
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Test System: CHO-K1 Cell Line

The Chinese hamster ovary (CHO-K1) cell line was selected for these studies for several
reasons. Used in our laboratory in over 100 assays on 20 different mineral fiber samples,
these cells have proven to be highly phagocytc (readily ingest or take up particles), highly
proliferative (dividing once or twice per day) and sensitive to toxic particulates such as
asbestos. Furthermore, the relative severity of toxic effects induced by four different
refractory ceramic fibers in our in viro CHO cell studies shows concordance with the in
vivo progression of fibrosis and the incidence of lung tumors observed in long term animal
inhalation studies (Hart et al., 1992a). The CHO-K1 cell line is an immortalized cell line
derived from cultured hamster ovary cells (Puck, 1958). Itis an anchorage-dependent

(adheres to the bottom of the cultu::c dish), epithelia-like cell type. ¢

Al
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RESULTS
Cell Proliferation and Viability

Data from the ICP and CFE tests using the CHO-K1 test system (Figure 3 and 4) show a
similar pattern: S-Nat is most toxic, S-FC is intermediate, and the respective toxicities of
the two pure crystalline forms of silica (cristobalite and quartz) are relatdvely low. Figure 3
compares the ICP curves of the two DE's with the curves for UICC crocidolite asbestos
(CD). (Tests for CD followed the same protocol but were not conducted simultaneously
with the DE ICP tests.) Note that these comparisons are made on the basis of mass/cm?2
and not by number of particles/cm2 . In this test system, the cell proliferation curve for
cultures exposed to S-Nat is similar to the curve for cultures exposed to CD. The EC50 ’
(concentration which reduced proliferation to 50% of negative controls) of each test .

particulate is provided in Table TI.

The inhibition of proliferation induced by particulate suspensions contrasts sharply with the
inhibition induced by the filtrate from these suspensions. When particles were removed
from the medium by a .22 pm filter and then added to the cell cultures, virtually no
inhibitioff ‘~as observed (Figure 5). However, when a .45 pm filter was used (one test), a
slight depression in cell numbers was observed for both DE'’s (data not included). This

was probably due 0 the quantity of fine particles observed in the filtrate.

CHO-K1 cell viability, as measured by the EAV tést, was not appreciably decreased by
exposure to high concentrations of the test particulates (Figure 6 and Table IIT). This
contrasts sharply with the large differences in cell proliferation observed over the same
three days of particulate exposure (Figurc 7). Note that in this test, cristobalite-exposure is

higher (50 g/cm?) than that of the other four test articles (20 ug/cm?.) Cell numbers in S-
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Nat- and CD-exposed cultures show almost no increase over the original number of cells
plated; cristobalite, at more than twice the mass concentration of the other test particulates,

is the least inhibitory and S-FC is intermediate.
Nuclear Abnormality Assay

The results from the nuclear abnormality assay (Figure 8) agree with the results from the
ICP and CFE assays; the highest incidence of nuclear abnormalities was observed in the S-
Nat cultures, the incidence with S-FC was second highest, and the two crystalline reference

particulates had relatively low incidences.

The types of visible cell damage induced by each of these four particulates can be seen in ¢ & ¢
the photomicrographs of acridine orange-stained cells (Figures 9-14). The photographs are
in pairs: the first was taken with fluorescence microscopy, and the second depicts the same
field with phase contrast optical microscopy (PCOM). In the fluorescent photographs, the
cytoplasm of the cells is orange and the nuclei are yellow. In the PCOM photographs, the
cells appear as opalescent bodies in tones Qf blue, yellow and green.

Unexpossd CHO-K1 cells, growing in culture medium without any test particulates, are

seen in Figure 9A and B. Note the micronucleus (arrow). In unexposed CHO-K1 cells the
background incidepce of nuclear abnormalities ranges from 2-7%. One or two small,
distinct rm’cmnucle‘i per cell is typical of genotoxic chemical exposure; however, as can be
seen in the fluorescent photomicrographs, nuclear abnormalities induced by particulates is
typically far more diverse, including multiple and grossly distorted nuclei as well as

micronuclei.
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Shapes, sizes and locations of the test particles can be seen in the PCOM photographs of
the exposed cultures, cvén though fixing and staining procedures wash away a portion of
the particles. The many fibrous shapes as well as non-fibrous particles of both diatomite
dusts are visible in Figures 10B, 10D, 10F and 1IB. This is in contrast to the two
crystalline silica reference particulates, in which only non-fibrous particles can be seen
(Figures 12B and 13B). The two DE's are also similar in that each has a population of
large particles as well as fine particles, however S-Nat clearly has more of the latter.
Likewise, the range of sizes present in the two crystalline reference particulates appears
similar but the distribution does not: quartz has many more small particles than does
cristobalite. Finally, note that the cells have accumulated large numbers of particles, most

of which appear to be within the cells.

L3

A review of the fluorescent photographs of exposed cultures gives the impression ofa
range of gross cytoplasmic and nuclear abnormalities. Cells with multiple and irregularly
shaped nuclei are seen. Visible cellular abnormalities appear less severe in the cristobalite-
and quartz-exposed cultures. In the S-Nat-exposed cultures, many nuclei appear to have
little or no cytoplasm (orange-fluorescing) remaining around them (Fig 10C, E). Note the
orange-fluorescing particles in these photog;'aphs. With PCOM (Figure 10D, F) these
same partictes appear to be a non-fibrous subpopulation of the diatomite. The same pattern
of fluorescence was observed in S-Nat that was incubated in medium without cells and
stained with acridi‘g orange; therefore it was concludgd that this phenomenon was not a
result of cellular interactions with the particles. In contrast to the S-Nat photographs, those

of S-FC (Figure 9) do not have any of these orange-fluorescing particles.

As with the ICP data, the INA curves for S-Nat and S-FC are comparable to the INA curve
for UICC crocidolite asbestos (when concentrations are calculated as mass/unit surface

area). Qualitative differences as well as similariges can be observed by comparing cells
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exposed to the CD fibers (Figure 14) with cells exposed to diatomite particles. Acridine
orange stained CD-exposed cells give a general impression of nuclear disruptions with little
effect on the cytoplasm. Multiple nuclei, including one or more micronuclei are common,
and to a lesser extent, enlarged cells with multi-lobed-appearing nuclei are observed. On
the other hand, cells exposed to the diatomites (Figures 15 and 16, 1000 X) appear to have
morphological distortions and both nuclear and cytoplasmic membranes are indistinct.
These abnormalities are not observed in the photogréphs of cells exposed to each of the two

reference particulates, Cristobalite and a-Quartz.

]
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DISCUSSION

At this time, no known in vitro test systems can be used to predict the whole-organism
effects of inhaled particles. Thus, the findings of this study should not be misconstrued to
be, in any way, indicative of what possible effects the test particulates could have on an
organism following inhalation exposure. However, the in vitro toxicity of diatornites to
cultured CHO-K1 cells was sufficiently clear to indicate that further testing is needed to

determine the potential toxicity of DE.

Assays measuring cell proliferation, colony forming efficiency, and the induction of
nuclear abnormalities, showed striking, concentration-related toxicity of DE to cultured
CHO-KI1 cells. Cell viability, on the other hand, was only slightly decreased by diatomites
exposure. Toxicity from soluble chemicals was ruled out when no effects were observed
in cells exposed to filtered DE-leachate. These observations suggest that the mechanism of
toxicity is primarily a disruption of cell division resulting from the cellular uptake
(phagocytosis) of particles. CHO-K1 cells divide rapidly and, according to our
observations, readily take up a variety of different types of particles by phagocytosis, two
features which make them sensitive to this t}.'pc of toxic mechanism.

The several particulates evaluated in the present study were not equally toxic. In an attempt
to determine the c;gses of these differences in toxicity, various parameters (crystallinity,
surface area, panic;cs/ug. dimensions, % fibrous particles) of the four dusts were
compared (Tables I and IT). Crystallinity was not directly related to toxicity; S;Nat was the
most toxic of the silca dusts, but it is primarily amorphous. Nor was particle number
directly related to toxicity; the number of particles/ug was similar in S-Nat and quartz, yet
the former was considerably more toxic than the latter. One possible cause of toxic

differences could be a combination of surface area and surface chemisiry resulting in
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different adsorbencies of the various particulates for cellular constituents. S-Nat was more
toxic than FC, and S-Nat is estimated to have a 10-fold greater surface area than FC.
Another possible cause of toxic differences could be percentage of particles that are fibrous
(length/diameter 2 3). When ECS0's are calculated as number of fibers longer than 7.5 pym
per cm2, the EC50's for Nat, FC, cristobalite and CD are very similar to each other (214,
259, 214 and 384, respectively, x 103). Quartz and TiO, had no fibrous particles. Further
investigatdons of DE materials are needed to test these hypotheses. A clarification of the
relationships between toxicity and particle characteristic could provide a major step toward

an understanding of the cellular mechanisms of particulate toxicology.

Further in vitro testing is advised, utilizing cultured cells derived from lung tissues, such as

normal rat alveolar macrophages, rat or human airway epithelium and/or lung mesothelium.

Lung macrophages are a key cell in the pathogenesis of respirable particles in the whole
organism, particularly in lung clearance. These highly phagocytic and mobile cells ingest
particles in the lung, subject them to digestive and corrosive secretions, and attempt to carry
the particles up and out of the respiratory tract. Particles that chemically or physically
interfere with these clearance functions may be more pathogenic to the organism than
particles which the macrophages are able to either degrade or carry out of the lungs. Lung
mesothelial cells may be a target tissue of inhalation toxicants in that pulmonary
mesothelioma has been associated with whole-animal exposure to some mineral fibers.
(Hesterberg et al.,‘vl;v99l). Airway epithelium may provide a protective barrier to some
particulates and may therefore be less sensitive than other tissues to the toxic effects of
some particulates. All of these lung cell types are available for testing in the MTC In Vimo

Laboratory, including both human and rodent cell lines as well as normal rodent and human

primary cells.
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Other DE test particulates should also be evaluated, to measure the impact of surface area,
surface chemistry and pﬁniclc size, shape and number of particles/unit culture surface area.
In vitro testing of different size-separated fractions of the several diatomaceous earth
products as well as size-selected reference chemical particulates could help clarify the

source(s) of the observed toxic effects.

vy
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Appendix 2. Particle Dimensions
Approximately 100 particles of each article were measured

using SEM.
Intervals s-Nat. DE s-FC DE Cristobalite a-Quartz
Length, pm Percent Percent Percent Percent
> <
0.0 2.5 47 21 31 78
2.5 5.0 32 27 38 18
5.0 7.5 10 21 18 2
7.5 10.0 5 17 1 2
10.0 12.5 2 6 8
12.5{ 15.0 1 3 2
15.01 17.5 1 3 0
17.51 20.0 0 1 1
20.01 22.5 0 1 0
22.5| 25.0 2 1
Diameter, um
2 < j
0.0 0.5 4
0.5 1.0 15 18 14
1.0 1.5 32 17 23 52
1.5(- 2.0 25 16 18 25
T 2.0 2.5 11 15 17 10
- 2.5 3.0 8 7 11 2
- 3.0 3.5 3 7 5 3
3.5 4.0 1 5 5 1
4.0 4.5 3 1 5 2
4.5 5.0 0 5 3
5.0 5.5 0 1 3
5.5 6.8|._ 0 0 1
6.0 6.5 2 0 3
6.5 7.0 1 0
7.0 7.5 1 0
7.5 8.0 4 0 0
8.0 8.5 1 2




Appendix 3. In Vitro Tests

Abbreviation

Name/Description

ICP

Inhibition of Cell Proliferation

Sixty mm culture dishes are seeded with 100,000 cells in 5 mi complete
medium (CM). Cells are allowed to settle to the botiom and, if cell type is
anchorage-dependent, cells are allowed to attach before test article is
added. Test Particulates are added 1o cultures in one ml complete
medium/dish. Negative control cultures receive 1 ml CM/dish. Each
exposure group is set up in triplicate. After three days exposure, at 37°C
and 5% CO,, cells are harvested with 0.05% Trypsin and 0.02% EDTA in
Hanks balanced salt solution (lrvine, Santa Ana, CA) and counted using a
Couiter counter. Relative proliferation is determined by dividing the
number of cells present in each exposed culture by the number of cells
present in unexposed cultures.

CFE

Colony Forming Efficiency

Sixty mm culture dishes are seeded with 200 cells in 5 mi complete
medium and exposed as described for ICP above. Each exposure is set up
in triplicate. After 5 days exposure, visible colonies appear. Colonigs -
are stained witlt 0.4% w/v Giemsa in buffered methanol (Sigma, St.
Louis, Missouri). Colonies are counted using a stereoscope at low power.
CFE is determined by dividing the number of colonies in each exposed
culture by the number of colonies in unexposed cultures.

m

INA

induction of Nuclear Abnormalities

Cultures are prepared as described for ICP above. After two days _
exposure, culture dishes are fixed with methanol/acetic acid (3:1, v/v)
and stained with 0.01% Acridine orange {(as described in Clark, 1981).
Using a microscope fitted with epifluorescence, the percentage of cells
containing micronuclei and/or other visible nuclear abnormalities is
determined for each culture dish. Visible nuclear abnormalities include
multiple nuclei and lobed nuclei.

EAV

Esterase Activity Viability Test

Cultures are prepared and exposed as described for ICP above. After 3
days exposure, cells are harvested and resuspended in saline. 5(6)-
Garboxyfluorescein diacetate (Sigma, St. Louis, Mo.) is added to each of
the cell suspensions (5 pul stock / mi of cell suspension; stock is .1%
carbosyfluorescein in acetone diluted 1:1 in saline just before use). After
1--30 minutes at room temperature, hemacytometer counts of the cell
suspensions are made using both fluorescence and phase contrast optical
microscopy (PCOM). Percent viable celis is determined by dividing the
number of fluorescing cells (viable celis) by the number of cells visible
with PCOM (total celis).
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RECE!VZD 6574006000 <

COMPANY 5:MIT'ZED

September 16, 1994

Lynn Moos Vlier

Deputy Director

Chemical Management Division
Environmental Protection Agency
401 M Street, S.W.

Washington, D.C. 20460

Dear Ms. Moos:

In response to the questions you raised after our meeting on

’ , I offer the following additional information.
The product being contemplated by and the Brookhaven
Laboratories, although still in the early stages of research and
development, can best be characterized as a
which, in many ways will be similar to
that have been available in the United States for many years.
The key difference between the contemplated product and currently
available is that the contemplated product, if
successful, will

, while still allowing the
. As
presently contemplated, the will be designed to
work on a variety of

At this point, three stages of work are envisioned before any

commercial application of the can be considered.
The first stage, which encompasses the work currently underway,
involves the itself. This
process will require the use of to which the

The initial
contemplated are
As the parties explained in our
meeting, these are to be made under
controlled conditions by trained laboratory personnel, following
all state and federal regulations.




The sole purpose for generating these

i We believe
that the which is to be generated will be
substantially similar to other '
currently, as well as historically, generated in laboratories in
the United States. References to the use of such mediums have
already been provided to Mr. Hassur of EPA by . Since
we believe that substantially similiar

, we believe that the
do not fall under the
Neither do the

Similiarly, since the
are neither

would not apply to the and Brookhaven activity. Since
the research and development work which would occur would be
under the direction of

, the project would not present an

Assuming that the laboratory trials are successful, the next’
stage presently envisioned would focus on the
on a larger scale. At first, this would most

likely take place in .

Ultimately, 1if the performs in
accordance with the parties' expectations,
are contemplated. At all points during this stage of work, state
and federal regulations will be strictly followed. We expect
that the relevant regulations will be those which currently exist
for the

The final step currently envisioned by the parties will involve

the

to insure that they meet with all necessary regulatory standards
Each of these tests will obviously vary according

to

We greatly appreciate EPA's consideration of this matter. Please
let me know if I may be of any further assistance.

Sincerely,
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TERATOGENIC STUDY IN RATS EXPOSED TO HALON 1301 BY INHALATION

Haskell Laboratory Report No. 499-78

Medical Research Project No, 2777

This study was conducteéd by Ms. Carole Doleba Crowe under the
direction of Dr. H. J. Trochimowicz. Laparotomy, necropsy and gross
pathology of the dams and gross examination of the fetuses were
carried out by Dr. R. Culik, Mrs. Jean A. Hostetler, Ms. Ann S. Rogers,
Mr. A. H. Stenholm, Mr. W. 1. Swan and Mr. F. L. Ulmer. Clearing and
Alizarin staining of the skeletons, and inspection of the fetuses were
done by Dr. R. Culik, Ms. Ann S. Rogers, Ms. Alice V. Erwin, and
Mr. A. H. Stenholm. Statistical evaluation of the data was carried
out by Mr. W. E. Fayerweather. The above work was supervised by ¥
Dr. J. G. Aftosmis. .




Ruomms in which rats were housed were controlled for tempcratur.
(72-74° F ) and humidity (50%). Food® and water were offered ad libitum
except when exposed. During the 10-day exposure period the animals were
fed one hour follawing exposure until exposure the next day.

Rats in the ﬁest groups were exposed to nominal concentrations
of 1000, 10,000 or 50,000 ppm (v/v, in air) of Halon 1301 vapors on days 6
through 15 of gestation for 6 hours daily in 600-11;er Rochester-type

inhalation chambers. Control rats were exposed simultaneously to room air

in a 1.4 m® gtainless steel and glass dynamic chamber.

Rats were observed daily }Ot clinical signs of toxicity and changes
in behavior. They were weighed to within one gram on day of arrival, twice
weekly thereafter and again on the day of sacrifice.

The desired vapor concentrations were obtained by adding a metered
flow of Halon 1301 gas to the primary chamber air supply. j

.Qhamber concentrations were routinely monitored at approximately'Bne-
half hour intervals using a Varian Aerograph Model 600D gas chromatograph
equipped with a flame ionizdtion ‘detector. A 1l' x 1/8" 0.D. stainless
steel column packed with 10% SE-30 on 60/80 mesh Chromosort® W HP was

majintained at 50°C for the analyses.

Design levels Analytical Results
Halon 1301 (Mean t SD)
1,000 ppm ' 962 t 57

10,000 ppm ' 10,196 t 1,514

50,000 ppm 49,505 % 4,753

1
Purina Rat Chow, Purina Company, St. Louis, Missouri




TERATOGENIC STUDY IN RATS EXPOSED TO HALON 1301 BY INHALATION

Haskell Laboratory Report No. 499-78

Medical Research Project No. 2777

INTRODUCTION

The purpose of this study was to evaluate the teratogenic potential
of monobromotrifluoromethane (Halon 1301) when inhaled by pregnant rats
during the period of fetal organogenesis.

TEST MATERIAL

Test material was a nonflammable compressed gas (colorless liquid
at 25°C in cylinder) with a purity of 99.99 +%. It was submitted by
Robert A. Gorski of the Petgochemiclls Department. Other names for this.
product are FC-13B1 and FC 1301. Tt was assigned Haskell No. 12206, A
MR-2777-002. .
PROCEDURE

Test animals were cﬁitlcl.kiver CD (ChR=CD) primigravida albino rats
bred at Charles River Breeding Laboratories, Inc., North Wilmingtbn, Mass.
One-half of the rats were bred on April 17, 1978 and the other half on
April 18, 1978. All rats were received in one shipment on April 20, 1978
as three and two days pregnant®. The morning sperm was found in the |
vagina was counted as Day i of gcltation.

The 108 rats were randomly assigned to ome of four exposure groups,
each group consisting of two lots according to breeding date. There were
27 rats per group, housed individually in suspended stainless steel wire

mesh cages and identified by cage card number.

* All data are presented for the sum total as a unit.




All rats were sacrificed by chloroform inhalation on the twenty-
first day of gestation. At sacrifice, the abdominal wall of the female was
opened and both ovaries and uterus were removed and inspected. Next thc
uterus was opened and the fetuses removed and examined. The following
observatioﬁs and measurements were recorded:

1. Number of corpora lutea in each ovary

2. Number of implantation sites in each horn

3. Number and location of all live and dead fetuses.

4. Number and location of resorptions

5. Weight of each live fetus (to 0.01g)

6. Crown-rump length of each live fetus (to 0.01 cm)

7. Any gross anomaly which could be observed under a long focal

length lens of 2% x. £

About one-half of tﬁe fetuses from each litter were preserved in._
95% alédhol for subsequent maceration in 1% aqueous KOH, clearing and
staining with Alizarin Red and examination to detect skeletal abnormalities.
The remaining fetuses were-éixcd'in Bouin's fluid for free-hand razor-
blade sectioning by the Wilsom method (1) with the modification described
by Barrow and Tayler (2) and examination under a dissecting microscope for
visceral and neural anomalies. Measurement of the lens of each e}e
was recorded as a part of this examinationm. The uterus and ovaries of
rats in all groups were examined for gross changes and those of pregnant
rats were preserved in Bouin's fluid for possible histologic examination.
Other tissues and organs were examined grossly and discarded if found to be

normal.

(1) Wilson, J. G. (1965) Methods for administering agents and detecting
mal formations in experimental animals. 1In: Teratology: Principles and

Techniques. J. G. Wilson and J. Warkany, eds., Univ. of Chicago, PP.
262-277.

(2) Barrow, Mark V. and Taylor, W. Jape (1969). A rapid method for detecting
malformations in rat fetuses. Journal of Morphology, 127:291-306.




STATISTICAL EVALUATION

For statistical evaluation of the data, the litter was considered
the experimental unit of treatment and observation. The Fisher Exact
Probability test w;s used to evaluate the incidence of rdsorpt?ons and
abnormalities amoné litters. Maternal and fetal body weights and measure-
ments were treated statistically by analysis of variance and least
significant difference (LSD) tests. The pumber of corpora lutea, implanta-
tions and live fetuses per litter were analyzed by the Wilcoxon rank sum
test. 1In all cases two tailed significance tests were performed and
significance was judged at the 0.05 probability level.

RESULTS
1. Body Weight

No meaningful differences in average body weight gains were fogpd
between the control nnd‘lny test group.

2. Climical Signs ‘

Minor hair loss occurred in two rats, one each in the 0 and 50,000
ppm groups. Two rats in the high level (50,000 ppm) developed brown
crusty sores. One rat in the high level group was blind in the right
eye on arrival. She was removed from the test for further observation

and is not included in the final tabulation of the data.
3. Gross Changes in Organs of Dams at Necropsy
No gross patholoiical changes were observed in the ovaries and
uterus or vital organs and iil-ucs of pregnant treated females.
4. Pregnancy Outcome and Fetal Development
o A sumpary of the effect of exposure to Halon 1301 on the dams,
and on the outcome of pregnancy and fetal development is presented in

—-—

Table 1.




Although the mean body weight of pregnant females in the high-
level group was lower than the mean of the control group, the
difference was.not statistically significant and the actual gains
in body weight were similar. t -

Parameters measuring the outcome of pregnancy and fetal de-
velopment, including the number of litters with -.partial and total

resorptions, and the body measurements of the fetuses were not dif-

ferent from those of the comcurrent comntrols.

Fetal Anomalies and Malformations

The type and the incidence of external, visceral and skeletal
anomalies and malformations among litters in the control and treated
groups and the number of fetuses examined are summarized in Table II.

Small subcutaneous hematomas and petechial hemorrhages on variosis
parts of the body were fﬁund in fetuses from litters of all groups ;
inclﬁding the control group. Two runts were found, one in the'control
group and onme in the intgrmedinte level.

Visceral examination showed a slight incidence of hydronephrosis
and undescended testes in all groups and a very slight incidence of
hydroureter in the control and the mid-level groups. One fetus in
the control group was found with hydronephrosis and hydrocephalus.

In the group receiving 10,000 ppm Halon 1301, ome fetus showed hydro-
cephalus plus a herniated diaphragm, one had a blood-filled peritoneun,
and another showed hydroncph;Olil and inguinal hernia. All three
fetuses were from different litters.

| No malformations or major abnormalities of the .kglctal system
were noted. The small incidence of minor anomalies and common variants

——

1isted in the table was similar in all groups. These variationms are




-6 -

biological and are related to chronological age of the fetusecs
(delayed ossification, bipartite centra) or to their genetic back-
ground (wavy and lé4th full or rudimentary ribs) and not to the
treatment. '

SUMMARY AND CONCLUS'IONS

1. Exposure of pregnant rats to Halon 1301 yapors from day six
through fifteen of gestation at levels of 1000, 10,000 and 50,000 ppm had
no effect on their body weight gains. No compound-related clinical signs
of toxicity or changes in behavior were noted.

2. The outcome of pregnancy measured by the number of implantation
sites, resorptions and live fetuses, was not adversely affected by the
exposure.

3. Exposure did not affect embryonal development as measured by -
weight and crown-rump 1¢nxtﬁ of the fetuses. '

4. Only three fetuses, each one from a different litter, were found
with malformations. All three were from dams exposed to the intermediate
level (10,000 ppm) of Halon 1301. These defects were not treatment-related.
They are considered as spontaneous, congenital malformations of gemetic
origin seen in this strain of rats at about the same frequency as in this
study.

S. Under the conditions of this test, Halon 1301 wvas not embryo-

toxic or teratogenic when inhaled by pregnant ChR-CD rats.
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TOXICITY REVIEW
HALON 1301




HASKELL LABORATORY

LIMITED DISTRIBUTION

i

This review reflects the available ‘toxicity
literature, both published and unpublished. Studies
have not been evaluated for scientific merit. Contact
Haskell Laboratory if you have questions.

Common Name: Halon 1301
Chemical Name: Mcthane, bromotrifluoro-

Synonyms: Preon® 13Bl, FC-13Bl
C*S'R%'Tbt No.: 75-63-8
Chemical Structure:

P

P—C—Br

thsical and Chemical Properties:

Description: Colorlaess gas .
Molecular Weight: 148.9

Boiling Point: =57.8°C @ 760 mm Hg

Melting Point: -168°C

Density/Specific Gravity: 1.57 g/cc (liquid at 70°P)
Vapor Pressure: 56.5 psig @ O°F

199 psig @ 70°P

300 psig @ 100°F
Plash Point/Plammability: Nonflammable
Solubility: 300 ppa in water @ 77°F
Conversion Pactors: l mg/L - 164 ppm4

l ppa = 6.1 mg/m

Exggsure Standards:

TLV® = 1000 ppm; STEL = 1200 ppm (1).
OSHA 8-~hour TWA = 1000 ppm (2).
Scc Rolated Reference 52 for additional information.

DOT Classification:

?22§lammablc gas; DOT shipping name monobromotrifluoromethane

-1-




EPA RCRA Status

None. !

FDA Status:

None.

TSCA Inventory:

Yes.

TOXICITY
A. Acute
l. Oral
e Not applicable.
2. Skin and Eyes

e Liquid Halon 1301 may freeze the skin (frostbite) on-
contact. Such contact should be avoided by wearing .

protective clothing and eye protection (3). -

3. Inhalation

a) Animal Studies

3

Concentration Duration of Animal Refer-
(ppm) Exposure Species Effect(s) ence
850,000 2 hours Mice Lethal 4
Guinea pigs
832,000 15 minutes Rats Lethal S
800,000 4 hours Rats 3/70 deaths 40
800,000 2 hours Rats No deaths 4
Rabbits Toxic effects:
Mice drowsiness,

Guinea pigs

tremors,
ataxia and
convulsions




Concentration Duration of Animal
{ppm) Exposure Species Effect(s)
800,000 30 minutes Rats, Mice Lethal
770,000 1l hour Rats No deaths
600,000 2 hours Mice, Rats, No deaths
Guinea Pigs, Hypoactivity
Rabbits Slow and deep
respiration
560,000 1l hour Rats No deaths
500,000 2 hours Rats, Mice, Slight initial
Guinea Pigs, CNS, depression
Rabbits Normal behavior
thercafter
500,000 <6 minutes Rats Drowsiness
400,000 2 hours Mice, Rats, No effect
Guinea Pigs,
Rabbits
370,000 7 hours Cats Lethal (1/1)
’ Guinea Pigs Lethal (6/6)
Mice Survived
Rats Survived
Rabbits Survived
370,000 7 hours Guinea Pigs. No deaths
360,000 3.5 hours Cats Survived
Guinea Pigs Lethal (5/6)
Mice Survived
Rats Survived
Rabbits Survived
360,000 1.33 hours Cats Survived
Guinea Pigs Survived
Mice Survived
Rats Survived
Rabbits Survived
300,000 2 hours Mice, Rats No effect
Guinea Pigs
Rabbits

Refer-

ence
———

10

11




Concentration Duration of Animal Refer-
(ppm) Exposure Species Effect(s) ence
300,000 40 minutes Rats No effecé 40
Pathology
normal
200,000 ° 2 hours Monkeys Glassy eyes (1/2) 40
Rabbits Restlessness (4/4)
Guinea Pigs Lacrimation (1/6)
Rats Restlessness (10/10)
Normal recovery
200,000 2 hours Guinea Pigs No effect 9
Normal Pathology
200,000 2 hours Rats No effects 40
Normal Pathology
180,000 7 hours Rabbits Lethal (1/4) . 8
Cats Survived
Mice Survived
Rats Survived
Guinea Pigs Survived
150,000 2 hours Monkeys Glassy eyes (1/2) 40
Rabbits No effect
Guinea Pigs No effect
Rats No effect
90;000 7 hours Cats, Mice No effect 8
R‘t’p R‘bbit’l
Guinea Pigs
46,000-50,000 2 hours Guinea Pigs No effect 9
44,000 2 hours Guinea Pigs No effect 8
24,000-28,000 2 hours Guinea Pigs No effect 9
9,000~-13,000 2 hours Guinea Pigs No effect 9
e Pathological examination of animals killed by Halon

1301 exposure revecaled edema and hemorrhage in the
lungs, severe pneumonitis and tracheitis and
congestion of the liver, spleen and kidneys. No
cellular changes were seen in these organs (5).
Examination of other animals which survived Halon
1301 exposures failed to reveal any significant

changes (40 ).




e Hematological examination of the monkeys exposed to
10 or 20% Halon 1301 failed to reveal any
significant changes (40 ). .

@ Seven monkeys trained on continuous and discrete
avoidance performance tasks were exposed to Halon
1301 concentrations ranging from 10.5 to 42%. .
Significant performance decrements were observed in
all monkeys during 20-25% exposures. Higher
concentrations resulted in impaired performance to
the point of complete disruption of operant behavior
in some monkeys. No visible signs of CNS depression
or analgesia accompanied this loss of ability to
perform conditioned performance tasks (12).

® See Related References 45, 47, 49 and 50 for more
information.

b) Human Exposures

Concentration Duration of
{percent) Exposure Effect(s) Reference

15 1 minute Severe dizziness and 13
marked paresthesia.
Increased heart rate -
and T-wave depression
(EKG). Recovery was
rapid and complete
: within S minutes.

12 1 minute Severe dizziness and 13
mild paresthesia in
1/2 subjects. T-wave
depression and in-
creased heart rate.

10 1 minute No effect for the first 13
30 second followed by
slight dizziness and
paresthesia (1/2).

Heart rate increased
and T-wave was depressed
in 1/2 subjects.

10 3-3.5 minutes Light headedness increas- 40
ing to near unconscious~-
ness. Slight disturb-
ance tests (balance and

reaction time). No EKG
changes were observed.




10

20 minutes

L3

2 minutes

3 minutes

3 minutes

3-3.5 minutes

3 minutes

3=3.5 minutes

20 minutes

Euphoria (2/6) 14
Light-headedness (3/6)
Paresthesia (1/6)
Tinnitus (1/6)

Slight to moderate eye/

nose irritation (2/6)
Pulmonary discomfort (2/6)

After 1 minute of exposure 13
dizziness was felt which
increased in intensity.
Increased heart rate, no

EKG changes.

Exposure was during £flight 16
at 5,000-20,000 feet.

No adverse subjective
biomedical or EKG effects
were reported.

Dizziness, faintness and 15
drowsiness (6/8). Dif-
ferent altitudes had no
effect on subjective
symptoms. No compound-
related EKG changes.

Light-headedness. No 40
EXG changes.

Slight paresthesia, 13
dizziness. No EKG

changes. Increased

heart rate.

No effects observed. 40
EXGs normal.
Euphoria (2/4) 14

Light headedness (2/4)
Pressure in the ears
(1/4) or in the
head (1l/4)
Slight eye and nose
irritation (1/4)
Slight pulmonary
discomfort (1/4)




3 minutes Dizziness, faintness 15
. and drowsiness (3/8).
Changes in altitude had
no effect on symptoms.
No compound-related EKG
changes.

3 minutes Exposure was during lé6
flight at 5,000-20,000
feet. No adverse
Ssubjective biomedical
or ERG effects were
reported.

3=-3.5 minutes No effects observed. 40
EKGs normal.

3-3.5 minutes No effects observed 40
EKGs8 normal.

e Ten volunteers were exposed to inhalation of CBrF3
from an anesthesia machine. -These experiments i
consisted of a series of relatively short exposures °
to different concentrations of CBrF.. Heart rate, )
blood pressure and electrocardiograahic tracings

. were monitored. Cardiac arrhythmias were not -
observed to develop during exposure of 5 subjects
for a total of 10 to 17 minutes to 4-6.7% nor during
the additional exposures of 5 subjects to 7-9.6% for
5 to 7 minutes. These subjects reported reactions
including dizziness, tingling of extremities,
light-headedness and a fear of imminent loss of
consciousness. PFive subjects were exposed to
8.2-15.7% for total exposure times of 10-31 minutes.
Only one of these subjects developed a serious
cardiac arrhythmia. The subjective sensations which
were reported to have developed during these serial
exposures to CBrF3 were on the central nervous
system. These sensations ranged from an increased
awareness of sound, visual disturbances (e.g.
flashing before eyes), tingling of extremeties and
numbness of body to the sensation of the room
rocking back and forth or spinning, drowsiness, and
the fear of impending unconsciousness (l14).

e Three volunteers, one visually handicapped, were
exposed to 0.1, 4.3, 4.5 and 7.1% of Halon 1301 for
up to 30 minutes. The subjects' health and feelings
were monitored before, during, and up to 2 hours
after exposure. Included before each exposure were




a complete physical examination (blood pressure,
body temperature, electrocardiogram (ECG], Pulmonary
function, urinalysis, clinical blood chemistry &
Symptoms) and mood evaluation. During and after
each exposure, the subjects performed various tasks
to measure effects of exposure on eye-hand
coordination, short-term memory, reaction time,
depth perception, balance, ability to walk on a
treadmill, write, and speak. Finally, spontaneous
electroencephalograms (EEGs) were made immediately
after éxposure on each subject. At 0.1% Halon 1301,
no significant deviations from normal were detected
in any of the subjects. At 4.3 and 4.5%, subjects
experienced sensations of light-headedness,
dizziness, and euphoria 2 minutes into exposure. At
9 minutes into exposure at 4.5%, only the visually
handicapped subject showed signs of imparied
balance; at 30 minutes after exposure, his response
was normal. A gecond subject showed mild impairment
in balance at 30 minutes. At 7.1%, one subject
showed mild changes in tests of balance during
exposure, while the visually handicapped subject
performed unsatisfactorily in the balance and i
eye-hand coordination tests. Sensations of t
light-headedness, dizziness, and euphoria also were °
noted, persisting up to 60 minutes after exposure.
Analysis of ECG tracings did not show any -
abnormalities caused by the exposures. One of the
subjects showed slight changes in brain wave
activity (EEG) at 7.1%, with a pattern
representative of slight anesthesia. all untoward
pPhysiological and subjective responses were
reversible shortly after exposure. Results of the
other health tests were within normal limits (40 )

B. Extended Inhalation Studies

® A single cat survived two 7-hour exposures to 18%
Halon 130l1. Guinca pigs exposed to the same
concentration died after 2 exposures as did 1/4
rabbits. All of the 10 rats and 10 mice similarly
exposed survived. Pive 7-hour exposures to 8.72%
killed 4/6 guinea pigs. Mice, rats, cats and
rabbits were not killed except for 2 natural deaths.
Pive 7-hour exposures to 4.44% was responsible for
the death of 1/10 mice, but no other deaths were
attributable to the Halon 1301 exposure. Dogs
exposed to either 9 or 18% for 7 hours on each of 2
consecutive days developed no signs of intoxication.
Acute hemorrhagic pneumonitis and degeneration of




the liver and kidneys were found among animals that
died as the result of exposure (8).

® Exposure of groups of 3 rats, 3 guinea éigs. 1l dog
and 3 cats to 20-60% Halon 1301 for up to 70 hours
did not produce symptoms of toxicity (17).

® A group of 20 rats and 20 guinea pigs was exposed to
5.1% Halon 1301 continuously for 10 days. No toxic
effects or pathologic or histopathologic changes
were observed. Hematologic determinations also
failed to reveal any adverse compound-related
changes (6).

® A group of 20 mice, 10 rats and 10 guinea pigs was
exposed to 50% of Halon 1301 in air, 2 hours daily
f:f 15 days. No significant effects were observed

® Rats were exposed to 5% of Halon 1301, 23 hours
daily for 30 days. Studies of bloed did not reveal
Any accumulation of Halon 130l1. There was no
elevation in the rate of excretion of fluoride ion
%nu;ge(ggine. No gross pathological changes were
(] .

£

® Rats and dogs were exposed to 2.3% of Halon 1301 in
air for 6 hours daily, 5 days per week for up to 18
weeks. At no time did the animals show any signs of
intoxication. Upon autopsy the animals showed no
evidence of pulmonary edema or necrosis as had been
seen in acute lethal studies. There was a moderate
diffuse congestion of the entire respiratory tract
but no other significant changes. All other organs
appeared normal (19).

Balon 1301 Blood Levels

® Beagle dogs with cannulas surgically implanted in
the common carotid artery and external jugular vein
were exposed to 5%, 7.58, and 10% Balon 1301 for 60
minutes. Blood samples were withdrawn from the
cannulas before, during, and after exposure and
analyzed for the Halon 1301 concentration. Blood
levels of Halon 1301 increased rapidly during the
first ten minutes of exposure, plateaued within
twenty minutes, and declined rapidly after exposure.
The mean blood concentrations at equilibrium were
directly proportional to inspired levels: at an
inspired concentration of 5% - arterial 19.2 ug/mL,




venous l4.6 ug/mL; at an inspired concentration of
7.5% ~ arterial 30.6 ug/mL, venous 28.4 ug; and at
an inspired concentration of 10% - arterial 40.2
ug/mL, venous 32.1 ug/mL. During exposure arterial
concentration was greater than venous concentration,
but after exposure the venous concentration slightly
exceeded the arterial concentration (40 , 41).

Anesthetized rats were exposed to 5% of Halon 1301
for 30 minutes and blood levels of Halon 1301
determined. The following blood levels were found
at the indicated post-exposure times:

Time Level
0 5.6 ug/g
15 minutes 0.62 ug/g
1l hour 0.35 ug/g
2 hour 0.05 ug/g
4 hour 0.07 ug/g (18)

Groups of 15 rats were exposed for l-5 minutes to
70% Halon 1301. Rats were removed at various times
for collection of brain tissue, heart and :
intracardiac blood samples. During the first .
minutes of exposure, the Halon 1301 concentration in
the brain and heart rose rapidly. Following the end
of exposure, the concentrations in brain and heart
fell rapidly. The BHalon 1301 concentrations in the
samples of intracardiac blood were similar to those
of the hearts obtained at the corresponding time
intervals (20).

Cardiac Studies

a) Cardiac Arrhythmias

It has been known for some time that inhalation of
vapors from certain organic materials, which include
such compounds as carbon tetrachloride and gasoline,
can make the heart muscle abnormally reactive to
elevated adrenalin levels with resulting cardiac
arrhythmias. These arrhythmias are frequently
ventricular in origin and may result in sudden
death. This phenomenon is commonly referred to as
cardiac sensitization. Since Halon 1301 is used as
a fire extinguishing agent and fire is a
life-threatening emergency which can be expected to
result in high circulating levels of adrenalin in
persons attempting to extinguish the fire or those




whose escape may be blocked, several investigators
have studied the effects of adrenalin Plus Halon
1301 exposure on the cardiovascular system.

® ECS0* (dogs) = 200,000 pPpm (23)..

® Development of spontaneous cardiac arrhythmias were
not observed in the electrocardiographic tracings
obtained during exposure of 1 dog to 10% (100,000
ppm) CBrP3 for 20 minutes, exposure of 4 dogs to 20%
(200,000 ppm) for 15 minutes, and exposure of 5 dogs
to 30% (300,000 ppm) for 15 minutes. Salivation and
whole body trembling occurred during exposures to
308 and to a lesser extent during exposures to 20%.
Weakness and inability to stand was reported only
for those dogs exposed to 20%. Recovery following
exposure to 30% occurred within 1-2 minutes after
exposure was ended. The author does not report
whether the CBr?3 was mixed with air or with oxygen.
Cardiac sensitization to intravenously injected
epinephrine during S-minute exposures to 10% or to
208 CBrP, was evidenced by increases in the number
of ectopic beats in 2/2 exposed to 10% and in 1/2
exposed to 20% and by ventricular tachycardia in 1/2
exposed to 208 (1l3).

‘e Dogs were exposed to 5, 7.5 and 10% of Halon 1301
for 30-60 minutes. The test animals received an
injection of epinephrine both before and after the
exposure. Nonre of the dogs exposed to 5.0%
developed cardiac arrhythmias. Two of 12 dogs
exposed to 7.5% showed a marked response after a
30-minute exposure. Pollowing a 30-minute exposure
to 108 Balon 1301 there was one definite and one
questionable response in 12 dogs (40 ).

® A dog was exposed to 10% Halon 1301 for a few
minutes following an injection of epinephrine. a
challenge injection followed the exposure. Some
effect on the heart was seen (40 ).

® Halon 1301 did not cause cardiac sensitization of
the beagle heart below a concentration of 108 in air
(40 ). PFurther experimentation showed that the
minimum effect level is closer to 7.5% than 10%&
(40 ).

* EC50 is the concentration causing cardiac arrhythmias in 50%
of the animals. Exposure was for 5 minutes followed by an
eéxogenous dosc of epinephrine.




Groups of 8 dogs were exposed to 10, 20 or 40% Halon
1301 in air. Exposure times were 15, 27 and 55
minutes, respectively. During exposure the chambers
were darkened and the dogs subject for S5 minutes to
fright-inducing stimuli. Those dogs exposed to 10%
Halon 1301 demonstrated increased alertness, those
exposed to 20% developed tremors without increased
alertness and those exposed to 408 howled, salivated
and developed dyspnea and tremors (14).

Spontaneous cardiac arrhythmias developed within 1-3
minutes of exposure to 40% Balon 130l. Arrhythmias
could be produced in those animals not developing
Spontaneous arrhythmias by the intravenous injection
of a pressor dose of epinephrine. Larger doses
caused ventricular fibrillation with cardiac arrest
in dogs and, commonly, spontaneous defibrillation in
monkeys (21).

Anesthetized guinea pigs, cats and dogs were exposed
to 208 Balon 1301. This exposure increased the
arrhythmogenic effect of i.v. infusion of
epinephrine (24).

Pive anesthetized monkeys were exposed, :
successively, for 10 minutes each, to 10-80% Halon
1301. spontaneous ventricular arrhythmias developed
during the first S5 minutes of exposure to 30% and
higher. Cardiac arrhythmias spontaneously appearing
in monkeys exposed to CBrPF required a minimal blood
pressure threshold for thoir production. The blood
pressure threshold varied as an inverse function of
the log of the CBrP, concentration to which monkeys
in acid-base balancé were exposed. Acidosis
decreased the threshold and alkalosis increased the
threshold at concentrations of 10 and 20% CBrP3 but
were without effect at 30% or greater
concentrations. Epinephrine decreased the blood
pressure threshold required to trigger arrhythmias
but was not necessary for their production as it is
in the case of cyclopropane (25).

No significant difference in the percentage of
marked responses was seen when dogs with myocardial
infractions were used instead of healthly dogs (40 ,
42).




Groups of rats were exposed to one of the following
conditions: :

1) simulated altitude with added Haloh 1301 (27
rats);

2) simulated altitude without Halon 1301 (9 rats);

3) simulated altitude with added Halon 1301 and
injected epinephrine (27 rats);

4) simulated altitude without Halon 1301 but with
injected epinephrine (9 rats).

No rats died during any chamber exposure. Three
animals developed cardiac arrhythmias during
inhalation of Halon 130l1. One rat breathing 24
percent Halon 1301 at a simulated altitude of 5,000
feet, and one exposed to 16 percent CBrF3 at 389 mm
Hg, developed premature atrial contractidons about
one minute after the Halon 1301 was admitted to the
chamber. 1Indications of bundle branch blocks
appeared as the exposure continued. In both cases, !
these changes disappeared when the CBrP.-air mixture
was replaced with room air during the cRamber :
descents. Premature atrial contractions were also
noted in the alectrocardiogram of one rat breathing
24 percent Halon 1301 at 632 mm Hg. This animal had
received an epinephrine injection before the
exposure. Normal EKG tracings reappeared when the
rat was returned to ambient conditions. No other
Prolonged cardiac arrhythmias were noted on the
electrocardiograms from any other rats.

Histological examination of the lungs from rats
sacrificed immediately after exposure showed no
Pathologic changes which could be directly related
to breathing Halon 1301 or exposure to hypobaric
conditions. 1In this experiment epinephrine was
administered intramuscularly to rats rather than the
usual intravenous route. The use of i.m.
administration would be expected to produce much
lower blood levels of epinephrine than i.v.
injection. The observation of only 1/27 premature
atrial contractions after exposure to 24% Halon 1301
at 632 mm Hg may reflect the low dose of epinephrine
rather than any species different (22).

Rats were subjected to 79% Halon 1301 plus 21%

oxygen and challenged with subtoxie doses of
epinephrine. CNS effects were the major
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observations in rats, 17/20 showed respiratory
arrest within 49 minutes and Several exhibiteg

b) Heart Rate And Blood Pressure

Inhalation of 80% Halon 1301 caused blood pressure
falls in many cases and a marked elevated diastolic
pressure in rhesus monkeys. Inhalation of 79
percent Halon 1301 triggered cardiac arrhythmias.
These arrhythmias were dependent on the maintenance
of a minimum blood pressure. Halon 1301 (80%)
inhalation in dogs which hag undergone a left lumbar

femoral artery blood flow. Concurrently, mean
arterial blood Pressure, peak 8ystolic blood
pPressure fell while left ventricular and diastolic
pressure rose (27).

Dogs were exposed to 50 and 75% Halon 1301 for
l0-minute periods. Recordings were made and
arterial and coronary sinus blood samples were ¢
obtained before, during and after the exposures. a-
small decrease in the vigor of myocardial -
contraction, decreases in vasoconstrictor tone and
mean arterial blood pressure, an increase in aortic
blood flow, an increase in myocardial lactate
utilization and a2 decrease in myocardial oxygen
consumption were observed as functions of the Halon
1301 concentration. Conclusions were than under the
conditions of this experiment (1), a decrease in
pPressure-volume work done by the left ventricular
myocardium during Halon 130] exXposure resulted in a
decrease in myocardial oxygen consumption; (2)
myocardial metabolism was little affected; and (3)
decreased peripheral vascular flow resistance was
accompanied by increased cardiac output (28).

To investigate the effect of Halon 1301 on blood
pressure 10 anesthetized dogs were exposed to air or
70% Balon 1301 for 50 minutes. The blood pressure

air treated controls. No significant differences
were seen for cardiac output. Heart rate was
significantly lower (29).

Halon 1301 was administered to dogs and the
following parameters recorded: Pulmonary

- 14 =




resistance, Pulmenary compliance, respiratory minute
volume, heart rate and aortic blocod pressure. Halon
1301 was shown to Produce an increase in Pulmonary
registance a decrease in compliance an increase in
respiratory minute volume, very little effect on
heart rate even at concentrations up to 20%, and a
mild hypertensive effect (4% increase at 20%
concentration). Heart-lung experiments in
surgically prepared dogs showed little change in
myocardial contraction even at high concentrations.
Experiments with rats showed Halon 1301 capable of
Producing apnea with atrioventricular conduction
blocks occurring during this period of apnea. Halon
1301 also produced a rise in pPulmonary resistance
and fall in compliance as it did in the dog
experiments (40 ).

Exposure of dogs and monkeys to 10-80% of Halon 1301
caused cardiovascular and CNS effects which
increased in severity with increasing concentration.
An initial fall in blood pressure of 10-20 mm Hg at
the lower concentrations and 40-60 mm Hg at the
higher concentrations wasg observed. Epileptiform ;
convulsions were seen in about. 50% of the dogs .
exposed to 50-80% Halon 1301 while conscious.
Conscious monkeys, on the other hand, became
lethargic, and no convulsions were seen (21).
The mechanism of the decreasec in mean arterial blood
pressure in the dog during Balon 1301 exposure was a
decrease vasomotor tone resulting from ganglionic
blockade. No direct vascular smooth muscle effect
of CBrP, was observed. When arterial blood from one
dog was perfused through the hind leqg at constant
flow rate through a hind limb of another dog,
exposure of the donor to 67-70% CBrr3 was
accompanied by a reversible decrease in the donor's
mean arterial blood pressure, but the perfusion
pressure was unaltered (30).

When anesthetized dogs were exposed to Halon 1301
the animals myocardial contractility decreased
inversely with the concentration of Halon 1301 (31).

Halon 1301 significantly decreased total peripheral
resistance and myocardial contractility in
anesthetized open-chested dogs and monkeys resulting
in a reversible hypotension during exposure (32).
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Groups of dogs were exposed to 27-75% Halon 1301 in
oxygen or 27-75% mixture of O, and « Exposure to
Halon '130l1 may result in distu:banceg of myocardial
eénergy metabolism that are connected to myocardial
Performance. The @Xposure resulted in a pProgressive
rise of plasma glucose concentrations that persisted
for at least 30 minutes post exposure (33).

Exposure of dogs to 27, 51 or 75% Halen 1301
produced no myocardial tissgue hypoxia, slight
metabolic acidosis, normal pyruvate, lactate, and
coronary sinus blood glucose, decreased mean
arterial blood pressure and myocardial contraction
strength and elevated arterial blood glucose (34).

Twelve anesthetized cats were subjected under
hyperbarbic conditiong to S-minute inhalation of 5%
Halon 130l1. Thig eéxposure was associated with:

l) Cardiac arrhythmias in 10/12 cats;

2) Pall in systolic blood pPressure (average
decrease ~-18.4 mnm Hg) in 10/10 cats angd a fall
in diastolic pressure (average decrease - 19 mm -
Hg) in 9/10 cats (35). :

A anesthetized cat was eéxposed to 80% Halon 1301 and
20% oxygen. This exposure did not materially modify
the physiologic equilibrium of the cat. The
following changes were observed:

® Slight activation of respiration;

® Decreased arterial blood pressure (1l mm Hqg);

@ Slight decrease in oxygen consumption;

® CNS depression (hypnotic). (4)

Anesthetized dogs and monkeys were exposed to 70 or
80% of Halon 1301 and EEGs recorded. The most
significant findings were (1) dominance of the EEGs
by 6-9 Hz waves beginning 2-3 minutes after
beginning exposure to CBrf, and (2) a nearly normal
susceptibility of the EEG éo activation by auditory
and photic stimuli during exposure to CBrF..

Several lines of evidence were explored whfch
Suggested that the central nervous system effects of
CBrF., may be the result of the induction of
tuncéional changes at the rhinencephalic level (36).




e To determine if the negative inotropic effect of
Halon 1301 was accompanied by altered myocardial
metabolism, urethane anesthetized-guinea pigs were
exposed for 30 minutes and myocardial ATP, ADP, AMP
and creatine phosphate levels were determined. A
concentration of 75% Halon 1301, produced a 34%
decrease in contractibility. Blood levels
stabilized within 2.5 minutes. Blood pressure and
heart rate were decreased. High energy phosphate
levels were not altered in a fashion commensurate
with the theory that a block in energy metabolism
was responsible for the production of the induced
negative inotropic effect (43).

® See Related References 46, 48 and S1 for more
information.

C. Carcinogenic Potential

® No evidence of a carcinogenic potential has been
found. BHowever, the longest study conducted was an
l8-week inhalation study (19).

D. Mutagenic Potential

e Halon 1301 was tested in Salmonella typhimurium .
. strains TA 1535, TA 1537, TA 1538, TA 98 and TA-100
at levels up to 408. The gas was not mutagenic

either in the presence or absence of a liver
microsomal system (40 ).

E. Embrvyotoxic Potential

e Groups of 27 pregnant rats were exposed 6 hours a
day on days 6-15 of gestation to 962 + 57, 10,196 +
1514 or 49,505 + 4753 ppm of Halon 1301. No
compound-related clinical signs of toxicity or
changes in behavior were noted. The outcome of
pregnancy, measured by the number of implantation
sites, resorptions and live fetuses, were not
adversely affected by the exposure. Exposure did
not affect embryonal development as measured by
weight and crown-rump length of the fetuses. Three
fetuses were found with malformations. All three
were from dams exposed at the intermediate level,
however, these effects were not considered
compound-related. Under the conditions of this
test, Halon 1301 was not embryotoxic or teratogenic
(40 ).

- 17 -




F. Other Reproduction Studies
® None..
G. Aquatic '
® None.
H. Human Exposure
®@ See Section A.2.b. for details of controlled
inhalation experiments in human volunteers.
I. Epidemilogy
e No information available.
J. Metabolism
e See Related References 53-55.
K. Pyrolysis Studies

Halon 1301 decomposes upon contact with flames or
hot surfaces above 1000°F. While this action
appears necessary for the product to function
effectively as a fire extinguishing agent, it also
results in the formation of several new compounds
whose properties are considerably different from
Halon 1301. The common decomposition products of
Halon 1301 are: HF, BBr, Br,, carbonyl halides,
consisting of carbonyl tluorfde (COP,) and

carbonyl bromide (COBr,). The quantfties of these
materials in the poat—ixtinguilhment atmosphere
depend upon several factors, such as the size of the
fire, type of fuel, enclosure size, degree of
ventilation, and rapidity of flame extinguishment.
In practical fire tests, the predominant
decomposition products are HF and HBr. Free bromine
and carbonyl halides have not been detected in
significant quantities and post-extinguishment
atmospheres.

ALC (lS5-minute exposure, rats) = 14,000 ppm (5).

The toxicity of pyrolyzed Halon 1301 appears to be
due to the HF formed. The l1l5-minute LCS0 for HF is
2700 ppm. At the LC50 determined for pyrolyzed

Halon 1301 (2300 ppm), 2480 ppm of HP is formed.
(37)
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The passage of Halon 1301 through an Inconel tube
heated to 482°C did not result in any detectable
decomposition of the compound, nor did the exposure
of the animals to the effluent material result in
any deviation in the mortality rates seen with
undecomposed material. When the tube is heated to
593°C, some decomposition of the compound and an
increase in mortality was seen. The incidence of
mortality was dependent on the Halon 1301
concentration. Mild degrees of pncumonities were
found in all exposed species, except rats, which
were exposed to 482°C fumes. Acute chemical
pneumonitis and degeneration of the liver, kidneys
and brain were found in all species exposed to fumes
generated at temperatures greater than 482°C (8).

Deaths as the result of inhalation of pyrolysis
products of Halon 1301 characteristically resulted
from pulmonary hemorrhage and edema. The lS-minute
LCS0 value for pyrolyzed Halon 1301 calculated from
these experiments was 2300 ppm. The pathologic
response and delayed death patterns are similar to
those seen from HF (38).

Groups of animals were exposed for 30 minutes to
atmospheres containing the pyrolysis products of
Halon 1301. None of the animals died after being
exposed at concentrations up to 80% of 800°C
pyrolysis products. Signs of toxicity included
dyspnea and prostration. When exposed to vapor
products at 1000°C, all of the animals were killed
at concentrations greater than 1l%. At 0.7S%
approximately 20% of the exposed rats and 90% of the
mice were killed. At 0.58%, none of the rats and 50%
of the mice died (4).

When Halon 1301 is applied to ordinary fires such as
gasoline or wood, the resulting decomposition
products may include HP, HBr, carbonyl halides and
in some cases free bromine in concentrations
depending on the quantity used. When applied in
quantities of 2.3 pounds in a 720 cubic foot room
for durations of the order of 5 to 30 minutes Halon
1301 caused some injury to guinea pigs, but was not
lethal (9).

With the exception of initial excitement, no
symptoms indicative of a toxic action were observed
during exposure of 20 mice and 40 rats to 1.07%
Halon 1301 in air for 15 minutes. Very few deaths
occurred during gasoline fires, however, the trachea
and lungs were found to be congested (39).
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commercializanion phase of the proposed program, both parners will bd able to provide
significant expartiss regarding the regulatory and risk assessment jesuas that will arice.

Technical Approach
Phase I of the projest will begin with a study
ese will identify promising 1eading 10
The ahility of 1o produce similar results

and the machanical, physical and chemical charactaristics of the
will be detarmined acxt, In ozder to assess ths effectivencss of the
in these studles, state-ofsthe-art analytical equipment and methods avallable
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In Phass If of the project, will be used for etudying the

offectiveness of vanious combinations of
whils producing Thase studies
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The chemical will be acquired through of tha laboratary
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be nsed to determine and information by and
and - These
will complement test data acquired in the laboratories.
Data neaded to for ths on
will ba obtained in Phase III. Studles to quantify
such as will bs conducted, Based upon
these results) an will be selected for use in small-scale tesu. These
will verify that sbtained in Phass I and Phase X are reproducible

, and will establish technical feasibility for a process

The construction end tosting of prototype and subsequeatly, enginceting-scals,
will take place in Phass IV, This phase will culminats in
under conditons that simulate thoss st customer sites, Data needed ©
establish regulatory agency compliance a¢ well as costs, will ba derived from
these activities which are fntended 1o assass the commercial faasibility

It is particularly significant for the proposed program that BNL possesses

in & wide variety of , and thererure,
has a technical and O&M staff fully trained with thass meterials.
The BNL tachnical staff routinely perform and
for analysis by




grojects could be safely performed ar BNL on a varlety of
monitored for ‘ technology and technology,

The following i¢ & list of samnle characterization toole at ENL that will be employed as needed
in stodying the

and 1o identify and to in the

As thess techniques will be especially prominent in the program, a few added statements about
them are in order here. is one of the most powerful charscsterization tools for
the identfication and quantification of of In ordes
to facilitaza a complete analysis, it is particulasly important that sufficien
achieved to minimize from the different and
In additlon, 2s high 1 ‘evel as possibie i desirbls, as this effectively
sot8 a The bast way to achieve both of these goals is to colleot
lsing & such a1 the ot BNL. This
tachnique Will be utliized in the CRADA s one of the primary characterizaton tools
the any intermediate products and the The information obtalned .
from will be critical for understanding the- f
and will b used in the development of better It will also help o -
quantify any and to This information s needed -
to ascertain whether the process hat

Another set of important expeziments will of the process. This will produca
impornant which will be used to optimize the
is & related technique which is zesdily available at BNL. It provides
compiimentary informatdon and 1a particulazly good for studying
eych as the and for
yielding a better quantification samples.

including W look at
and -chemiatry. .

to identily the
determine and to look at
changes in the chemistry or structure of the matecial.

to determine that the
composition.




Milesionss and Anuicipated Rosuilts

A number of sigaificant tachnical challengss will need 10 be avezsome in the development of
The propossd new process contemplates the development

~hich
“1th and a
w0 should be
effective in ms presence . Secona a may be required
which can be maintin the and
during Finally,  delivery system will be developed which allows the
10 be epplied %0 in such a way that

The complste system ann
must be safe and casy to use.

The most preferred process will result 'in a. enough o
under Federal regulations, whils retaining the performanco
characteristics essential for continued servics, An alternative process woule

Federal smndards but would the material
requising the .
Research conducied thus far by has found the following:
. as described in the pawst
does occur in qver a The
addition of other components, ang the uming of
their addition can have an important effect on the and the observed laval of
. a$ & model systsm, has been
shown o readily , implying that the However, he
under continuous
» with 3
substantially and reduced its In this experiment,
was maintmined addition.

A tesearch program aimed at developing the proposed process has been oudined and is described
teiow, Thare are four research goale

M  Development that will be effoctive with in the
(ID Development of a ; the integrity
while ellowing & high lewl achieved;




(TI) Develooment of which will allow o

(@V) Secale-up of the complets sysiem to full-scale laboratory tests.
Broceduces (o1 Joteqaglion

Technical management for the overall project wAll be under the ditection of with BNL’s
afforts undsr the direction of ite Principal Investigator. Both orgenizations will partisipate
concurrendy in cach phase of the R&D effort. This will serve to increase

considercd, confirm the yeproducibility of and
provide scientific, technological and commexrcial inputs into all aspects or the program,

Product evaluations up to full-scale will be performed jointly,

Efforts to obtain regulatory egency approvals for the develoned processes and to determing the
commercial viability of the processes will bs managed by _ BNL will provide advice and
assistance in identfying the compliance requirements and in

t

Close communications between the two organizations will ba maintained via telephone, o—miil,
and fax messsges. In addition, a monthly review meeting will be held at the sito thgt is most
sppropriate for that month's agenda.

Reporta

The parties will jointly prepare annual reports at the end of years one and two of the project and
a final ropost at the conclusion of the projoct.




 TASKS AND DELIVERABLES;

Goal Al
1 06/94 Develop a method for quantitalive
determinaton

This work is

eassatial for all phases of the work with

, providing & means of

measuring the exteat

it is anticipated

that refinsment of the analytical technique

em

yed will be an ongoing effort and will

involve both BNL and " analytical resources.

P 07/94 Complete labosatory avaluation

wnicn have undergone limited ocommercial-scale
testing, will be fully assessed. ‘This will be
~ done to detertnine

the United

Statss and to explore whether they might form the
bagis of an impeoved sysien. These testa will be
conducted both

3 03/95 .- Determing whethes

This task iavolves the

developaent

with

BNL _ __




1

[ 8]

06/95 . Ildentifv the chiemical feactions X X
and characterize .
detail to address regwatory
issues. It Wwill be important to prove thas the
themselves. BNL will contribute towards ths
development of new chamicals and chemical systems,
and 1o take the lsad in characterizing reaction
produsts and datermining mechanisms,
. Jwhichwiimaiotaln 0 R
— Jo be achieved
in 2 laboratory
Due Daie Task Rescription BNL
08/94 Dewruﬂne the effect (laboratory scalar of X b4
increased
Standard tast methods wau be
developes to 335088
when a
07/98 Determine whether X X

The methods developed for determining

vill be used to
which can improve these properties while
allowing the reacton o lake place
BNL expertiss in technology,
the and cuantitative
datesmination of the amouat of
will play a key rols in this

WK,




Rus.Datc Taak Dosoription BNL
07/94 Irmisment an accurate method X X

12/94 ‘Detecming the effect of existing apolisation X X
methods for
09/95 Investigate the use of which X X
ecan allow the application
the néea o7

is an important component
of the improved economics of the proposad naw

process. An attemot will be made to develop &

“The anproach will be to first cvaluate

and then, if needed,
_valuats other approaches, BNL expertise in

will play a key roie in LS 1asK 3.

03/96 Complets & controlled full-scals wat of a X X
commercially foasible system and

., Onoe a viable bench-scale process has
been demonstrated which meets the criteria set
out above, & full-scale test will be conducted
undar controlled conditions to prove the technical
performance of the process and allow a batter

estimation of the commenrcial feasidility.
for the larme-scale testing




i

Detailed Description of Significant BNL Research Responsibilities Under Each Project Goal
With Associated Costs

Goal A _Task 1 .
Perform phvsical and chemieal analysis of samples supplied by
appropriste analytical methods. Tne analysis will be
and identification of resction producw. The procedures
]
This is an ongoing task which will be repeated for
each new chamical process introduced and tested first in the laboratories, It will be an
intoractive task inasmuch as the delivered analyses will help to determine the next 414ps at

Deliverable schedule: " Development of 3 procedure

Analysis of samples supplied by {ongoing),

Cost:

Goal AL Task.4 ‘

Characterize reaction products from the most and identity the

zeaction paths, The techni jues dasoribed above, and additional techniqucs, will bo used to fully

describe the chemical reactions to address regulatory issoes.

‘The chemical composition, should all be dstermined for the

resstion products. . .

Deliverable schedule: Report desoribing the reastion stsps end tho full charcterization
of all reactlon products (6/93).

Cost:

GoalB: Taskl

Characterize ‘both with and without the sddition

of ., Use thls information o 0 the

10




Deliverabls scheduls: =~ Bsuablish a technigue for

with and without
(12/94).

Use the ahove techniqus to

Cosu:
1 Bt
, which will maintain the
The
may D oreanio or norgame, and should be chosen
The effest of
performar.s will be assessed by This work will utilize the analyticel techniquas
developed Goal A, Tagk 1, ag well developed
uader Gosl B, Task |, mneasurements will follow procedures to be
developed by |
Deliverable cohedule: which will maintain the
during treatment and
to take place (7/95).

Cost:
Goal C Taakd
Develop test procedures for accurately determining

Th¢ test meuwdas
proposed must b6 usable for small scaic ‘The techniqua
must be capable of being implemeated by , éven if el take olacs
at BNL. Althougha method which accurately determines

, an improved technique which

Deliverable schedule: Develop s technique ‘which can be

Implemented by and BNL for stali-scale testing (6/94).

Based on feadback from and BNL, develop an improved

(if neaded) (1/93).
Cost: ’

11




Investiga.e the nse .

The opwaum )
o considered, Analytics! techriques developed by BNL
in this work, along with Jeveloped methods for

The proposed system must be effsctive

& laboratory-scals
Deliverable scheduls: Develop a which will
Cost:
Goal D Tagk 1 ‘
I cooperation with ) identifya i .

e laboratory, The , BNL, or soms
other facility, Both ang BNL will sovk the accessary mgulatoxy approvals

. Techniques to1 .
»ill be supplied by BNL.. Procedures for

will be responsibility of !

Dellverable schedule: In cooperation with complste a full-scale labaratory
avalvatior

Cost:
BENEFITS TO BNL AND PARTNER:
ANL, |
i.
2.

N <ot p——————

1 Access 1o extenaive BNL technical capabilitias,

12




2. New commercial product with Jarge natonal and inenational market potential

1

APPLICATION TO DOE/ER PROGRAMS:

The work pecformed fn this program has a very high probability of stimulasing new idess In

. It is anticipatad that proposals far nanpropriatary

cesearch will evolve that will be appropriate for submission to the _ :
for ¥Y 96 {unding.

ENVIRONMENTAL, HEALTH & SAFETY ISSUES:

samples will be conducted following BNI’s established safety and cavironmental protection
procedures for such malerials. ‘

13
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August 31, 1994 BTy b
ugus 9 S e w
Document Processing Center (TS-790) Yo w
Attn: Section 8(e) Coordinator = D
Office of Toxic Substances ) 2/
Environmental Protection Agency ~153
401 M Street S. W. ;_? N
Washington, DC 20460 o S
Dear Sir: &
RE: FOR YOUR INFORMATION (FY1) UNDER TSCA SECTION 8(e) ()

We are submitting an FYI on a chemical substance Tri-p-tolylamine
(synonym: 4-Methyl-N,N-bis(¢methylphenyl)benzenamine) CAS No. 1159-.
53-1 under Section 8(e) of the Toxic Substances Control Act. i

The chemical structure of this compound is (CH3CgHs5)3N. [
has purchased, for researci: and development purposes, approximately |

of this material since 1992 [ ] for use as an ingredient in a
developmental [ ] product. A copy of the | ] Material Safety
Data Sheet is attached. | 1.

( ] obtained a test report “Final Report - Test for TPA Enrichment
in Carp” (Final Report for Bioaccumulation Test of Tri-p-tolylamine in Fish,
conducted at Kurume Research Laboratory, Japan), written in Japanese, [
1on July 28, 1994. The report was immediately submitted for

English translation and was completed on August 16, 1994. We received the
translated report on August 18, 1994. The report indicates that the
Bioconcentration Factors (BCF) in an 8-week fish bicaccumulation test were
3,650-13,900 and 6,440-17,800 at test concentrations 10 ug/L and 1 u?/L,
respectively. In the same report, it is indicated that the 48-hour LCsq in fish
was >200 mg/L (non-toxic at this level). Based on TSCA Section 8(e),
“Measurements and indicators of pronounced bioaccumulation heretofore
unknown to the Administrator (including bioaccumulation in fish beyond
5,000 times water concentration in a 30-day exposure or having an n-
octanol/water partition coefficient greater than 25,000) should be reported
when cougled with potential for widespread exposure and any non-trivial
adverse etfect.” Although the BCFs during week 4 (approximately 30 days)
of the test exceeded 5,000, there is no widespread exposure or any known
non-trivial adverse effect with the intended use of this material. |

] is reporting the environmental effect of this material as an FYI, since we
do not believe that it represents any significant risk.




SANITIZED

1}

[ ] has provided two test reports on tri-p-tolylamine: (1) Acute
oral toxicity to the rat: The oral LDsg is greater than 5.0 g/kg (practicall
non-toxic). (2) Four-week oral toxicity study in the rat wit% two-weei
recovery period: There were no changes in clinical signs, bodyweight gains,
food consumption, clinical pathology, organ weight, and macroscopic/
microscopic pathology, that were considered to be related to treatment of
the test material at up to 1,000 mg/kg/day. It was concluded that 1,000
mg/kg/day represents the no-observed effect level. In addition, | ]
has conducted two genetic toxicology assays (Ames test and in vitro
chromosomal aberration assay in Chinese hamster ovary cells) on tri-p-
tolylamine . Both assays gave a negative result (we have not obtained the
test reports).

Based on the above information, we believe that there is no significant risk
to human health or the environment, relative to our intended use of tri-p-
tolylamine. Therefore, we are reporting the result of the bioaccumulation
studies as an FYI.

Documents Attached: '

1. Final Report - Test for TPA Enrichment in Carp (in Japanese) .

2. Final Report - Test for TPA Enrich ment in Carp” (Final Report for
Bioaccumulation Test of Tri-p-tolylamine in Fish) (translated in English).

3. Acute oral toxicity to the rat

4. Four-week oral toxicity study in the rat with two-week recovery period

5. Material Safety Data Sheet of Tri-p-tolylamine

Any questions regarding this submission should be addressed to the
undersigned at [ 1.

Sincerely yours,

[ ]

Manager I

Attachments
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Table-4-1 Calculation table Ifor analysis ¢! 1521 walsr

[ Lsval 1 )
. Test No. 42274
Sample description A [ ) J
Standard 0.1mg/L 2754
Test water at 2nd day 2176 8.56
Standard 0.1mg/L 2784
Test water at 7th day 2066 8.04
Standard 0.1mg/L 2733
Test water at Sth day 2046 8.11
Standard 0.1mg/L 2623
Test water at 11th day 1975 8.15 8.21
Standard 0.1mg/L 2721
Test water at 15th day 2013 8.01
Standard 0.1mg/L 2774
Test water at 18th day 2118 8.27
Standard 0.1mg/L 2790
Test water at 22nd day 2403 9.33
Standard 0.1mg/L 2764
Test water at 25th day 2214 8.67 8.39
A : Peak area (nVesec)
A(std):Standard solution A(t):Sample
B: Ratio of portion used for analysis 1
C: Final volume S5mL
F : Recovery rate 92.3%
H: Volume of test water taken out 50mi
|+ Concentration of test substance in test water ug/l )
[ =PxA(1)/A(std)/BxC/Fx100/H
J : Average concentration of test substance in test water ( ug/L )
J ={(1)...(M}/n
n:Number of test water analysis
I(1):First analysis of test water I(n):Last analysis of test water
P : Concentration of standard soiution 0.1ma/L

March 18,1993 Name ¢ Isbhiaka




Table-3

Caiculation labla for rscovery and blank tast

{Analysis of test waler)

Test No. 42274
Sample description A B C D E F
Standard 0.1mg/L 2861
Recovery a 2612 1 5 0.456 91.3%
Recovery b 2672 1 5 0.467 33.4%
Average
92.3%
Standard 0.1mg/L 2944 .
Blank a n.d. 1 5 -
Blank b n.d. 1 5

m o O @

a,b : individual sample

A : Peak area (pV-sec)
Ratio of portion used for analysis
Final volume (mL)

Amount of blank in test water (ug)

Amount of test substance recovered (ug)
E = PxA(t)/A(std)x1/BxC-D
F . Recovery rate (%)
F = E/Qx100
P : Concentration of test substance in standard solution (mg/L)
Q: Amount of test substance added (0.5ug)

January 8,1993

Name

C

Ish: 2aka




Tapie-4-2 Calculalion labls for analysis ¢l isst walsr
{ Lsvsl 1 )
N Test No. 42274
i Sample description A [ J
Standard 0.1mg/L 2857
Test water at 29th day 2524 8.57
Standard 0.1mg/L 2739
Test water at 32nd day 2488 3.84
Standard 0.1mg/L 2776
Test water at 36th day 2188 8.54
Standard 0.1mg/L 2659
Test water at 39th day 2272 9.25 8.69
Standard 0.1mg/L 2829
Test water at 43rd day 2454 9.39
Standard 0.1mg/L 2925
Test water at 46th day 2645 9.79
Standard 0.1mg/L 2981
Test water at 50th day 2496 9.07
Standard 0.1mg/L 2801
Test water at 53rd day 2120 8.20 8.80

A : Peak area (uVssec)
A(std):Standard solution A(t):Sample

B: Ratio of portion used for analysis 1

C: Final volume 5mL
F : Recovery rate 892.3%
H : Volume of test water taken out 50mi

[ : Concentration of test substance in test water ( pg/L )
I =PxA(1)/A(std)/BxC/Fx100/H

J 1 Average concentration of test substance in test water { pug/L )

J ={I(1)...)(M}/n
n:Number of test water analysis

[(1):First analysis of test water I(n):Last analysis of test water

P :  Concentration of standard solution 0.1mg/L.

March 10,1993 Name (C Islzelc en




Table-5.1 Calculatien lable fer anaj

y8is of 1221 walsr

{ Lavsi 2 )
. Test No, 42274
| _Sample description A r J :
f ;
| |
Standard 0.1mg/L 2754 !
Test water at 2nd day 1940 0.763 ’
Standard 0.1mg/L 2784 /
- Test water at 7th day 2128 0.828 ’
Standard 0.1mg/L 2733 ’
Test water at Sth day 1796 0.712
Standard 0.1mg/L 2623
Test water at 11th day 1991 0.822 0.781
Standard 0.1mg/L 2721
Test water at 15th day 1942 0.773
Standard 0.1mg/L 2774
Test water at 18th day 1866 0.728
Standard 0.1mg/L 2790
Test water at 22nd day 2070 0.803
Standard 0.1mg/L 2764
Test water at 25th day 2048 0.802 0.779

A: Peak area (UVesec)

B: Ratio of portion used for analysis
C: Final volume

F: Recovery rate

H: Volume of test water taken out

I =PxA(1)/A(std)/BxC/Fx100/H

J ={I(1)....(mn
n:Number of test water analysis

J: Average concentration of test substance in test water

K(1):First analysis of test water
P : Concentration of standard solution

A(std):Standard solution A(t):Sample

1
SmL

92.3%

500mi

I': Concentration of test substance in test water (ng/tl)

0.1mg/L

(Hg/L)

I(n):Last analysis of test water

March 18,1993

Nm C ISL[E:\“Q\



Taple-5-2 Cailculalion ‘ablg for analysis of szt waisr
( Lsvai 2 )
. Test No. 42274
|_Sample description A I : J
|
Standard 0.1mg/L 2857
[Test water at 29th day 2605 0.987
Standard 0.1mg/L 2739
Test water at 32nd day 1703 0.673
Standard 0.1mg/L 2776
Test water at 36th day 2117 0.826
Standard 0.1mg/L 2659
Test water at 39th day 2036 0.829 0.796
Standard 0.1mg/L 2829
Test water at 43rd day 2332 0.893
Standard 0.1mg/L 2925
Test water at 46th day 2259 0.836
Standard 0.1mg/L 2981
Test water at 50th day 2526 0.918
Standard 0.1mg/L 2801
Test water at 53rd day 1872 0.762 0.810
A : Peak area (nVesec)
A(std):Standard solution A(t):Sample
B: Ratio of portion used for analysis 1
C: Final volume SmL
F: Recovery rate 82.3%
H: Volume of test water taken out S00mi
I': Concentration of test substance in test water { no/L)
| =PxA(t)/A(std)/BxC/Fx100/H
J © Average concentration of test substance in test water (ug/Ll)
J ={I(1)...I(n)I/n
n:Number of test water analysis
I(1):First analysis of test water I(n):Last analysis of test water
P : Concentration of standard solution 0.1mg/L

March 10,1993

Name C Isliia. e




Table-6 Calcuiation table ior T3COVerY and blank tasi
{Analysis of last lish)

TestNo. 42274
[Sample description A B C D E G

|
|

Standard 0.1 mg/L 2682

Recovery a 2520 5/150 10 - 28.2 94.0%
Recovery b 2479 5/150 10 - 27.7 92.4% fI
Average
93._2%
Standard 0.1mg/. 2697 ;
Blank a n.d. 5/150 10
Blank b n.d. 5/150 10 —

a,b ; individual sample

A . Peak area (nVesec)

Ratio of portion used for analysis
Final volume (mL)

Amount of blank in test fish (ug)

m o O W

Amount of test substance recovered (ug) f
E = PxA(t)/A(std)x1/BxC-D
F: Recovery rate (%)
F = E/Qx100
P : Concentration of test substance in standard solution (mg/L)
Q: Amount of test substance added (30ug)

January 8,1993 Name C Ishiza o
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Table-7 Calculation table for anaiysis of isst fish

{ Laval 1 )
TestNo. 42274
L Sample description A D G K H J ]
| |
Standard 0.1mg/L 2877 !
Test fish after 2 weeks a 1727 50 32.2 30.0 8.21 3650 |
Test fish after 2 weeks b 1989 50 31.6 35.2 8.21 4280
Standard 0.1mg/L 2848
Test fish after 4 weeks a 2027 50 27.8 41.2 8.39 4910
Test fish after 4 weeks b 2961 50 29.2 57.3 8.39 6830
Standard 0.1mg/L 2740 f
Test fish after 6 weeks a 2576 100 34.3 88.2 8.69 10100
Test fish after 6 weeks b 2339 100 32.2 85.3 8.69 - 9820
Standard 0.1mg/L 2904
Test fish after 8 weeks a 2651 100 30.9 95.1 8.80 10800
Test fish after 8 weeks b 3502 100 31.8 122 8.80 13900
A : Peak area (LVesec)
A(std):Standard solution A(t):Sample
B : Ratio of portion used for analysis 5/150
C : Final volume 10mL
D : Dilution factor
E : Average concentration of blank in analysis of control
F: Recovery rate 93.2%
G : Weight of test fish (g)
K : Concentration of test substance in test fish (ng/g)
K ={PxA(t)/A(std)/BxDxC/G-E}/Fx100
H: Average concentration of test substance in test water (ng/L)
J: BCF
J ={PxA(t)/A(std)/BxDxC/G-E}/Fx1 0o/H
P . Concentration of test substance in standard solution 0.1mg/L

March 17,1993 Name Ishi gaka

A Al
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Tabte-8

]

Calculation tabie for

anailysis of tast figh

{ Lavel 2 )
TestNo. 42274
|__ Sample description A D G K H J |
Standard 0.1mg/L 2836 ’
Test fish after 2 weeks a 1395 10 27.2 5.82 0.781 7450 !
Test fish after 2 weeks b 1325 10 29.9 5.03 0.781 6440 ‘
Standard O0.1mg/L 2810 }
Test fish after 4 weeks a 2706 10 30.8 10.1 0.779 12800 ‘
Test fish after 4 weeks b 2142 10 27.8 8.83 0.779 11300 ’/
4
Standard 0.1mg/L 2696 .
Test fish after 6 weeks a 3123 10 31.0 12.0 0.796 15100
Test fish after 6 weeks b 4005 10 33.9 14.1 0.79¢ 17700
Standard 0.1mg/L 2845
Test fish after 8 weeks a 3330 10 26.1 14.4 0.810 17800
Test fish after 8 weeks b 2839 10 29.7 10.8 0.810 13400
A . Peak area (LVesec)
A(std):Standard solution A(t):Sample
B : Ratio of portion used for analysis 5/150
C : Final volume 10mL
D : Dilution tactor
E . Average concentration of biank in analysis of control
F . Recovery rate 93.2%
G : Weight of test fish (@)
K : Concentration of test substance in test fish (no/g)
K =(PxA(t)/A(std)/BxDxC/G-E}/Fx100
H: Average concentration of test substance in lest water (ug/L)
J: BCF
) J ={PxA(t)/A(std)/BxDxC/G-E}/Fx100/H
P : Concentration of test substance in standard solution 0.1mg/L

March 16,1993

Name (¢ [, ; 2aka




Table-8

Calcuiation table for analysis of test fish

{ Controi )
TestNo. 42274
Sample description A G [
Standard 0.1mg/L 2875
Before the initiation of exposure a nd. 29.1
Before the initiation of exposure b n.d. 27.8
Standard 0.1mg/L 2774
After the termination of exposure a n.d. 30.7
After the termination of exposure b nd. 29.0
A : Peak area (uV-sec)
A(std):Standard solution A(t):Sample
B : Ratio of portion used for analysis
C: Final volume 10mL
E : Amount of blank in analysis of control (ug)
E =PxA(t)A(std)x/BxC
G : Woeight of test fish (g)
| . Concentration of blank in test fish (ug/g)
[ =E/G
P : Concentration of test substance in standard solution 0.1mg/L

March 16,1983

C-Isbiza ke




Reference 1

Analytical results of dilution water

Sampling date

February 2, 1993

Item Unit | Measured value | Standard value | Detection limit
Total hardness (Ca, Mg) ng/L 120 < 300*!
Evaporated residue ng/L 296 < 500+
Chemical oxygen demand ng/L 0 < 5=2
Chloride ion ng/L n.d. < 0.02 *2 0:01
Ammonia nitrogen mg/L 0.04 < 1*2
Cyanide ion og/L n.d n.d.=2
Organic phosphorus mg/L n n.d.=*?
Iron ng/L 0.04 < 1.0*2
Mercury ng/L n.d. n.d.*2 < 0.0005
Cadmium ng/L n.d. < 0.01 ~2 < 0.01
Cr+s mg/L n.d. < 0.05 =2 < 0.04
Lead ng/L n.d. < 0.1*2 < 0.01

*1 Ministerial ordinance of the Ministry of Public Welfare No.56 (August 31, 1978)

*2 Water quality criteria for fisheries (Shadanhozin Nihon Suisansigen Hogokyokai,

March 1983)
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BEST COPY AVAILABLE
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BEST COPY AVAILABLE

Test Mo, 22274

-cerating cate : “owv. 30, 1332
PRXNO “ime Area “eight Zone.
min)  ‘LV-.-see) (uV) 25
) Total 3 3.00
Peak position
. d.
0: 0 2: [ 5,' 0 7: 5 Tol 0 Operator : Chie [shizaka
Standard solution 0.05 mg/L Operating date : Nov. 30, 1992
PKNO Time Area Height Cane.
(min)  (uV-see) (uV) (%)
1 3.85 1520 232 100.00
Total 1520 100. 00
1 -
A t
0.' 1] z: [ 510 7_'5 13: 0 Operator : Chie Ishizaka
Standard solution 0.1 mg/L Operating date : Nowv. 30, 1992
PKNO Time Area Height Cone.
(min)  {(uV-see) (uV) (%)
1 3.94 3037 481 100. 00
Total 3037 100. 00
1
0: 0 2: S 5: 0 7: 5 ;;: 0 Operator : Chie [shizaka
Standard solution 0.2 mg/L Operating date : Nov. 30, 1992
1 PKNO Time Area Height Cone.
(min) (uV-seec) (uV) (28)
1 3. 85 6075 963 100.00
Total 6075 100. 00
0.0 2: 5 5: 0 7. 5 Tol 0 Operator : Chie [shizaka
Date : Dec. 3,1992 Name : 7154 2aka

Fig. 4 -1

Analytical chart of HPLC analysis
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Calibration curve and conditions of HPLC analysis

Instrument « ==+«

samooo.oooot
moaoooco

Colurmmn seccceces

E]m....--oo.a

Flowratg eeee e
Detoctoreeesceeces
Wave length
Sgns'“vﬂyo.....-
Rgc_ram secess

Test No. 42274

LC-8A,SPD-6AV
TPA
Acstonitrile

LV. 30 (L)
L-column ODS

(L. 15em L.D. 4.6 mm)

Acstonitrile

1.0 mi/min

uv

300 nm

0.005 ABUFS
1.2mv

Y



Tast tNn. 22271

Stanaard soluticn 0. ! /L

i

lcerating cate : lec. EEN
PXNO Time Area Heignt lone.
(min) (uV-sec) (V) (23)
| 3.97 2861 442 100. 00
Total 2861 100. 00

0.0 2.8 5.0 7.5

]T).o(min) Operator : Chie [shizaka

Recovery test from test water a

Operating date : Dec. 1.1992

PKNO Time Area Height Cone.
(min) (uV-see) (uv) (%)

1 3. 96 2612 395 100.00
Total 2612 100. 00

. ey

0.0 2.5 5.0 7.8 10. 0{min) Operator : Chie Ishizaka
Recovery test from test vater b Operating date : Dec. 1, 1992
PKNO Time Area Height Conc.
(min) (uV-seec) (uv) (%)
1 3. 96 2672 393 100. 00
Total 2672 100. 00
!
0:0 2.8 5.0 1.5 ,E plmin) Operator : Chie [shizaka
Date : Dec. 3, 1992 Name : ~ 15l z2ake
Fig. § =1

Recovery and blank test ( analysis of test water )




! Standard soiuticn 3.1 ag/L

i loeratirg zate : igv. 33, 133C
FKNO Time Area Heigat Zene.
min) (uVv-see) (,vy) (°3)
. 1 3.35% 2944 268 100.00
Total 29844 100. 00

0.0 2.5 510 7_'5 1;: olmin) Operator : Chie Ishizaka

Blank test of test water a

Ocerating date : Now. 30, 1992

PKNO Time Area Height Cone.

(min) (uV-sec) (uV) (%)
Total 0 g.00
Peak position
m.ch.
t
A . .
0:° 2.'5 5:° 7:5 Eo(min) Operator : Chi§ Ishizaka

Blank test of test water b Operating date : Nov. 30. 1992

PKNO Time Area Height Cone.

(min) (uV-see) (uV) (23)
Total 0 0. 00
Peak position
n.d-
0_’ 0 2: 5 5_’ ¢ 7: 5 TO o{min) Operater : Chie [shizaka
Date : Dec. 3, 1992 Name : C.1shi2akq

Fig. § - 2 Recovery and blank test ( analysis of test water )



28T NoL 227
! Standard soluticn €. 1 ag/L -Seratics cate & o.an. 13033
|
PXNO Time Area Aelght lonc.
min) (uV-see)  (uV) (%
X 4,03 2754 420 100.00
Total 2754 100. 00
1
0.0 2.5 5.0 7.5 To.o('"i”’ Operator : Chie Ishizaka
Test water at 2nd day (Level 1 ) Operating date : Jan. 13, 1993
PKNO Time Area Height Cone.
(min) (uV-seec) (V) (28)
1 4.04 2176 304 100.00
Total 2176 100. 00
1
0_'0 2_'5 5:0 7_'5 1;: o{min) Operator : Chie [shizaka
Test water at 2nd day (Level 2 ) Operating date : Jan. 13, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (%)
1 4. 02 1940 293 100.00
Total 1940 100. 00
1
0:0 2:5 5:0 7:5 10. g{min) Operator : Chie [shizaka
Date : Jan. 14, 1993 Name : (. 15, 2akea.
Fig. 6§ = 1 Analysis of test water




y Standard scluticn 2.1 =g/l

-ceratinfg caie : Lanm. 3. 1333
"XNO T.me Area Heignt Zone.
minl (uV-sec) (V) 123)
. : 3. 36 2184 423 100. 00
Total 2784 100. 00
1
0.0 2.5 5.0 7.5 10. o{min)  Operator : Chie [shizaka
Test water at Tth day (Level | ) Operating date : Jan. 18, 1993
PKNO Time Area Height Conc.
(min) (uV-sec) (uV) (%)
1 3.93 2066 308 100.00
Total 2068 100. 00
]
t
0.0 2.8 5.0 7.8 10. 0{min) Operator : Chie [shizaka
Test water at Tth day (Level 2 ) Operating date : Jan. 18, 1993
PKNO Time Area Height Conc.
(min) (uV-seec) (uV) (%)
1 3. 95 2128 330 100.00
Total 2128 100. 00
1
0:0 2:5 5:g 7:5 T{).O""i"’ Operator : Chie [shizaka
Date : Jan. 20, 1993 Name : (¢ Ishisaka
Fig. 6 - 2

Analysis of test water




Standard soiuticn ). | - Va8

ast Yo, 122

lserat.~g cate - .23,

wan. ¢ J EEN
24NO Time Area Height Cone.
min}l {uV-see) (V) %
. 1 3. 80 2733 421 100.00
Total 2733 100. 00
]
0.0 2. § 5. 0 7.5 1p,0(min)  Operator : Chie Ishizaka
Test water at 9th day (Level 1 ) Operating date : Jan. 20, 1993
PKNO Time Area Height Conc.
(min} (uV-sec) (uV) (%)
1 3.93 2046 298 100.00
Total 2046 100. 00
1
K ;
e\,
0.0 25 8.0 1.5 10. 0{min) Operator : Chie fshizaka
Test water at 9th day (Level 2 ) Operating date : Jan, 20, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (%)
! 3.93 1796 258 100.00
Total 1796 100. 00
1
M k
0.0 2.5 5.0 1.5 10.0{min) Operator : Chie Ishizaka
Date : Jan.21. 1993 Name : C. ISLJEGL‘:\
Fig. 6 =3 Analysis of test water



2ST e, 12274
Standard solution 9. ! =g/L

lcerat.~3 cate -an. 22, 33

FXNO T ime “rea Helgnt Cone.
min) (uV-sec) (V) (%)
. i 3.88 2623 409 100. 90
’ Total 2623 100. 00

0.0 2.5 5.0 7.8

Eo(min) Operator : Chie [shizaka

Test water at 11th day (Level 1)

Ocerating date : Jan. 22, 1993
PKNO Time

Area Height Cone.

(min) (uV-sec) (uV) (%}

1 3.86 1978 296 100. 00
Total 1975 100. 00

.

o oy

0.0 2.5 5.0 7.8 10, g/min)  Operator :

Test water at {1th day (Level 2 )

Chie Ishizaka

Operating date : Jan. 22,1993
PKNO Time

Area Height Conec.
(min) (uV-sec) (uv) (%)
1 3.88 1991 306 100.00
Total 1991 100. 00
1
0:0 2.'5 5_'0 7,'5 10. g{min) Operator : Chie Ishizaka

Date : Jan. 22, 1993 Name : -~ rsi2aka
Fig. 6 - ¢ Analysis of test water




, Standard saiution 9. ! k-39
i

0.0

lcerating zace
PKNO Time Area

“eight
imin)

wV-sec)  {,v)
! 3. 94 2721
Total 2721

lone.
[ V4
1,9

428 100.90
100. 00

2.5 5.0 .

—_ )
10. g{min)  Operator Chie [shizaka

Test water at 15th day (Level 1)

0.0 2

Operating date : Jan. 26, 1993
PKXNO Time
(min)
1 3.95

Total

Area Height
(uV-see) (uv)
2013

2013

Cone.
(28)
314 100. 00
100. 00

vy

.5 5.0 .

Test water at 15th day (Level 2 )

10. 0{min)  Operator : Chie I$hizaka

L

0.0 2.5

Operating date : Jan. 26, 1993
PKNO Time Area Height Cone.

(min) (uV-sec) (V) (%)

| 4. 00 1942 275 100.00
Total 1942 100. 00

5.0 1.8

Date :
Fig. 6 - §

Jan. 26, 1993

Fajo(min) Operator :

Chie [shizaka

Analysis of test water

Name : C. Ishizake,




T2st Mol 127274
Stancard soluticn 0.1 ag/L

lcerati~z cate san. 23,1332

EKNO Tima Area Heignt Cone.

fmin) (uv-sec) {uv) (%)

. 1 3.89 2774 457 100. 00

Total 2774 100. 00

]
0.'0 2:5 5_'0 7:5 1;: glmin) Operator : Chie Ishizaka
Test water at 18th day (Level 1)

Operating date
PKXNO Time

: Jan, 29, 1993

Area Height Cone.
{min) (uV-sac) (V) (%)
1 3.89 2118 335 100.00
Total 2118 100. 00
|
H
0.0 2.8 5.0 1.5 IT).O"“‘") Operator : Chie Ishizaka
Test water at 18th day (Level 2 )

Operating date : Jan. 29, 1993
PKNO Time

Area Height Ceone.
(min) (uV-see) (uV) (26)
1 3.92 1866 265 100. 00
Total 1866 100. 00
1
0:0 2.5 5.0 7:5 T)_o(min) Ocerator : Chie [shizaka
Date : Feb. 1, 1993 Name C I%‘L.T ek o
Fig. 6 - 6 Analysis of test water




25T No. 42272
! Standard soluticn 2. 1/ L -oerating zate . “es. 3. B
i
PYNO Time Area Helgnt lone.
mia) (uv-see)  (uV) 28)
! 3.93 2730 445 100. 00
t Total 2730 100. 00
1
0.0 2.5 5.0 7.5 10. 0{min)  Operator : Chie Ishizaka
Test water at 22nd day (Level | ) Operating date : Feb. 2. 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (2%8)
! 3.93 2403 377 100.00
Total 2403 100. 00
!
¢
010 2:5 5:° 7:5 ;?,_o(min) Operator : Chie 1shizaka
Test water at 22nd day (Leve] 2 ) Operating date : Feb. 2, 1993
PKNO Time Area Height Cone.
min} - (uV-sec) (uV) (%)
1 3.83 2070 321 100.00
Total 2070 100. 00
1
0:0 2'5 510 7_'5 Tg,o(min) Operator : Chie [shizaka
Date : Feb. 5, 1993 Name : ~ rsb)iaka
Fig. 6 - 17

Analysis of test water




v M AnAs
2sT Lzl 72T

Standard sojuticn 900 L :

Serati-3 zate : Fes 3 13
PXNO Tima Area Heignt lonc.
min) (uV-see) fuv) 28
. | 4. 05 2764 432 100. 400
Total 2764 100. 00
!
0.’0 2:5 5.'0 7:5 Tojo(min) Operator : Chie [shizaka
Test water at 25th day (Level 1) Operating date : Feb. 5, 1993
PKNO Time Area Height Cone.
(min} (uV-seec) (uV) (38
] 3. 91 2214 384 100.00
Total 2214 100. 00
1
t
0:0 2_'5 5:0 7:5 10. o{min) Operator : Chie [shizaka
Test water at 25th day (Level 2 ) Operating date : Feb. 5. 1393
PKNO Time Area Height Cone.
(min) (uV-seec) (uV) (%)
1 3.98 2048 305 100. 00
Total 2048 100. 00
1
0.0 2:5 5.0 1.5 To.o(min) Operator : Chie Ishizaka
Date : Feb. 5, 1993 Name : O Ish;2aka

Fig. 6 - 8 Analysis of test water



Standard solution 0.1 ng/L

Test No. 27272

r Y

loerating cate . eo. ERCN
PKNO Time Area Heignt Zone.
min) (uV- sae) (V) 73)
\ ! 3.92 2857 438 100. 00
Total 2857 100. 00
1
||
|
0.0 2: 5 5: 0 7.' 5 10. 0'min) Operator : Chie Ishizaka
Test water at 29th day (Level 1 ) Operating date : Feb. 9.1993
PKNO Time Area Height Cone.
(min) (uV-see) (uv) (2%%)
1 ‘3.93 2524 379 100.00
Total 2524 100. 00

. vy

0.0 2.8 5.0 7.5

10. 0{min) Operator : Chie Ishizaka

Test water at 29th day (Level 2 )

Operating date : Feb. 9, 1993
PKNO Time Ares Height Conc.
(min) (uV-see) (uV) (2%8)
1 3.93 2605 432 100.00
Total 2605 100. 00
1
0.0 2.5 5.0 1.5 10.0min) Operator : Chie Ishizaka
Date : Feb. 10, 1993 Name : C ISl 2ak
Fig. 6§ - 9

Analysis of test water




Standard soiution 0.1 mg/L lceratins zate . Tas, "I, 333

2XNO ime Araa ~aignt lcne.
min) (uV-seg) fuv) 25)
. ! 3.38 2733 321 120.900
Total 2739 160. 00
|
0: 0 2: 5 5: 0 7: 5 10: o(min} Operator : Chie Ishizaka
Test vater at 32nd day (Level 1) Operating date : Feb. 12, 1993
PKNO Time Area Height Conc.
{min) (uV-seec) (uV) (%)
1 4,12 2488 403 100.00
Total 2488 100. 00
1
¢
0:0 2:5 5.r0 7:5 ”;. g{min) Operator : Chi§ fshizakn
Test water at 32nd day (Level 2) Operating date : Feb. 12,1993
PKNO Time Area Height Cone.
(min} (uV-sec) (uv) (%)
1 4.12 1703 242 100.00
Total 1703 100. 00
1
0: 0 2: s 5: 0 7T5 101 g{min) Operator : Chie Ishizaka
Oate : Mar. 17, 1993 Name :  Tsi,izaka

Fig. 6 -10 Analysis of test water



| Standard sclution 2. ag/L -Seratits zate o Fao. 3, 33
PKNO Time Area Heignt Zane.
min} (uV-see) (V) 125}
. 1 4. 00 2776 434 100. GO
Total 2776 100. 00
1
0.'0 2:5 5.0 7_'5 10, 0{min) Operator : Chie [shizaka
Test water at 36th day (Level 1) Operating date : Feb. 16, 1993
PKNO Time Area Height Conc.
(min) (uV-see) (uV) (28)
1 3.97 2188 323 100.00
Total 2188 100. 00

0.0 2.8 5.0 7.8

' i 10. 0(min) Operator

LR 1

: Chie [shizaka

Test water at 36th day (Level 2 )

Operating date :

Feb. 186, |993"

PKNO Time Area Height Cone.
(min) (uV-sec) (uV) (%)
1 3.99 2117 315 100. 00
Total 2117 100. 00
1
O.I 0 2.' -] 5. 0 7. g 10. o{min) Operator : Chie Ishizaka
Date : Feb.22. 1993 Name : -~ Ls(—.:g&kq

Analysis of test water




P T2st Yo, 22272
Standard solution 2.1 g/l loerating cate . fao. 3. viz
=RNO Time Area Heignt lone
imin)’ uV-sec) (V) 23}
, 1 4.00 2659 401 100.00
Total 2659 100. 00
1
0.0 25 5. 0 7.8 10, 0{min) Operator : Chie Ishizaka
Test water at 39th day (Level ! ) Operating date : Feb. 19, 1993
PKNO Time Area Haight Conc.
(min) (uV-see) (V) (%)
1 3.99 2272 341 100.00
Total 2272 100. 00

e gy

0.'0 2.5 5.0 7.8

10, omin)  Operator : Chie [shizaka

Test water at 39th day (Level 2 )

Operating date : Feb. 19, 1993
PKNO Time

Area Height Cone.
{min) (uV-see) (uV) (%)

1 4. 00 2036 300 100.00

Total 2038 100. 00

1
0.0 2.8 5.0 1.8 10. 0{min) Operator : Chie Ishizaka
Date : Feb. 22, 1993 Name :
Fig. 6 =12

C Isbiagha
Analysis of test water




Standard solution 2.1 ag/L

-S2ralirg zZate Sem, 723z
2KNO Time Area ~eignt lane.
imin) (uV-seec) (yV) )
\ | 3. 35 2829 429 i00.00
Total 2829 100. Q0
|
0:0 2:5 5:0 7_'5 ]; g{min) Operator : Chie [shizaka
Test water at 43rd day (Level 1) Operating date : Feb. 23, 1993
PKNO Time Area Height Cone.
(min) (uV-seec) (uV) (%)
1 3.97 2454 369 100. 00
Total 2454 100. 00
1
t
0.0 2.8 5.0 7.5 0. 0{min) Operator : Chie Ishizaka
Test water at 43rd day (Level 2 ) Operating date : Feb. 23, 1993
PKNO Time Area Height Cone.
(min) (uV-seec) (uV) (%)
1 3. 96 2332 364 100.00
Total 2332 100. 00
1
0.0 2.8 5.0 1.5 10. gimin) Operator : Chie [shizaka
ODate : Feb. 27, 1993 Name : ~ Tshidaka
Fig. 6 -13 Analysis of test water



2s$T oL 1727:

Standard soiuticn 21 gL

lcerating caze “e5.25. i3
PKNO Time Area Hajignt lsne.
min) (uV-sec) (V) 50
. | 3. 39 2925 470 130.90
Total 282% i00. 00
|
]
0:0 215 510 7:5 ATEjo(min) Operator : Chie Ishizaka
Test water at 46th day (Level 1 ) Operating date : Feb. 26, 1993
PKNO Time Area Height Cone.
(min} (uV-seec) (uv) (23)
! 3.98 2645 415 100.00
Total 2645 100. 00
I
t
e\ e :
o,'o 2:5 5_'0 7:5 IT).O(M") Operator : Chie [shizaka
Test water at 46th day (Level 2 ) Operating date : Feb. 26, 1993
PXNO Time Area Height Conc.
(min) {uV-seec) (uV) (%)
1 4. 01 2258 352 100.00
Total 2289 100. 00
1
0.0 2.5 5.0 1.5 15? o{min) Operator : Chie Ishizaka ‘
Date : Feb. 27, 1993 Name : C ,_[3{4;5.‘:&,‘
Fig. 6 =14

Analysis of test water




i Standard soluticn 3. ag/L

lceras.

-3 zate ar. 1332
PYNO Time Area “eignt lone
(min) (uV-see) inv) (%)
. 1 4. 19 2981 440 100. 00
Total 2981 100. 00
1
0_'0 2:5 5:0 7:5 cho(min) Operator : Chie [shizaka
Test water at 50th day (Level | ) Operating date : Mar. 3.1993
PKNO Time Area Height Cone.
min) (uV-sec) (uV) (%)
1 4.07 2496 398 100.00
Total 2496 100. 00
1
t
0:0 2:5 5_'0 7_'5 ,?_o(min) Operator : Chie [shizaka
Test water at 50th day {(Level 2 ) Operating date : Mar. 3, 1993
PKNO Time Area Height Cone.
(min} (uV-see) (V) (%)
1 4. 10 2526 418 100.00
Total 2526 100. Q0
1
0.0 2.5 5.0 1.8 10, g{min) Operator : Chie Ishizaka
Date : Mar. g, 1993 Name C. ishizalea
Fig. 6 ~15 Analysis of test water




ag

; Standara soluticn 0.1 =agsL

-

P,
- =

oerating cate

CMar. 133
| PKNO Time Area Height lone.
min) {4V see) (V) %)
. 1 4.07 2801 438 100. 00
Total 2801 100. 00
1
0:0 2.'5 5.'0 7:5 T(]:Q(Min) Operator : Chie [shizaka
Test water at 53rd day (Level 1) Operating date : Mar. 5. 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uvV) (%)
1 4. 05 2120 335 100.00
Total 2120 100. 00
1
t
6.0 2.8 5.0 7.8 “10. 0{min)  Operator : Chie Ishizaka
Test vater at 53rd day (Leve] 2 ) Operating date : Mar. 5, 1993
PKNO Time Area Height Cone.
(min) (uV-sec) (uV) (%)
1 4. 08 1972 312 100.00
Total 1972 100. 00
1
[N\ A
0.0 2.5 5.0 7.5 10,0(min) Operator : Chie [shizaka
Date : Mar. 9. 1992 Name :

Fig. 6 -18 Analysis of test water

C. Ising 2alca




To

()

Standard solution 9.1 ag/L

rating

P<NO Time Area “e13nt Zone.
: min) {(uV-sec) {yy) (%)
i 3. 29 2682 421 100.00
Total 2682 100. 00
1
!
0:0 21 5 510 7_r5 ,E o{min) Operator : Chie [shizaka
Recovery test from test fish a Operating date : Dec. 2. 1992
PKNO Time Area Height Conc.
(min) (uV-sec) (uV) (%)
! 3.99 2520 432 100. 00
Total 2520 100. 00
1
¢
0:0 2.r5 5:° 7:5 To.o(min) Operator : Chie Ishizaka
Recovery test from test fish b Operating date : Dec. 2.1992
PKNO Time Area Height Conc.
(min) (uV-sec) (uV) (%)
1 3.99 2479 420 100.00
Total 2479 100. 00
1
0:° 2:5 510 7:5 Eo(min) Operator : Chie Ishizaka
Date : Dec. 3, 1992 Name : clgh;g !'R

Fig. 7-1 Recovery and blank test ( analysis of test fish )



’ Stancard solution 9.1 ag/L

lceratinsg zate : laec. P
PUNO Time Area ~“eignt Zone.
(min) (uv-sec) {uv) 28
. 1 3.99 2697 438 100. 00
Total 2697 100. 00
|
f g T T o . .
0.0 2.5 5.0 7.§ 10. g{min)  Operator : Chie Ishizaka

Blank test of test fish a

Operating date : Dec. 2, 1992
PKNO Time Area Height Cone.
(min) (uV-see) (uv) (28}
Total 0 0. 00
Peak position
m.d.
0.0 25 5.0 1.8 10.0(min)  Operator : Chié I3hizake

Blank test of test fish b

Operating date : Dec. 2. 1992

PKNO Time Area Height Cone.

(min}) (uV-sec) (uVv) 9]
Total 0 0.00
Peak position
N ok
0.0 2.8 5.0 7.8 To:o""iﬂ) Operator : Chie Ishizaka
Date : Dec. 3,1992 Name . -~ Ishisaka
Fig. 7 -2

Recovery and blank test ( analysis of test fish )



T23% 2277
Standard soiution 0.1 ayl lcerating cate : am. 23, ‘3i-
=XNO ime Area Haight cone
min) (uv-sec) 7% 23}
\ | 3.98 2877 439 100. 00
Total 2877 100. 00
1
0.'0 2,'5 5_'0 7:5 Eg(min) Operator : Chie [shizaka
Test fish after 2 weeks (Level 1-a) Operating date : Jan. 26, 1993
PKNO Time Area Height Conc.
(min) (uV-see) (uV) (%8)
1 3.98 1727 270 100.00
Total 1727 100. 00
I -
A t
o,'o 2:5 5.0 7:5 ,T,:o(min) Operator : Chie [shizaka
Test fish after 2 weeks (Level 1-b) Operating date : Jan. 26, 1993
PKNO Time Area Height Cone.
(min) (uV-sec) (uv) (%)
1 3.98 1989 310 100.00
Total 1989 100. 00
1
0.0 2.8 5.0 7.8 10. 6{min) Operator : Chie Ishizaka
Date : Feb. 1, 1993 Name C. Ishiaaka
Fig. 8 - 1

Analysis of test fish ( Level 1)




.....

Standard soluticn 9.1 mg/L lcerating zate & fep. 3 vzz-

2XNO Time Area ~eignt lone.
imin) {uV-see) yv) 23
. ! 3.94 2848 44% 100. 00
Total 2848 100. 00
!
! Y u Y ——
0.0 2.5 5.0 7.5 10. gimin)  Operator : Chje I'shizaka
Test fish after 4 weeks (Level 1-a) Operating date : Feb. 9. 1993
PKNO Time Area Height Cone.
(min) (uV-sec) (uv) (%)
1 3.94 2027 320 100.00
Total 2027 100. 00
1
A t
0.0 2.5 5.0 7.8 10. g{min)  Operator : Chie Ishizaka
Test fish after 4 weeks (Level 1-b) Operating date : Feb. 9, 1993
PKNO Time Area Height Cone.
min) (uv-see) (uV) (%)
1 3.95% 2961 463 100.00
Total 2961 100. 00
1
0:0 2: 5 5_'0 7_'5 Txo.g(min) Operator : Chie [shizaka
Date : Feb, 10, 1993 Name : C LSLHAS.‘SA

Fig. 8 -2 Analysis of test fish ( Level | )



er

andard il

(%3
O
P

fon 0.1 mz/lL

0.0

lreratinz zate . -

PXNO

Time

(min)

3. 29
Total

Area “eignt Zone.

(uV-see)  {uvV) (25)
2740 487 100. 60
2740

100. 00

2.5 5.0

Test fish after 6 weeks (Level 1-a)

7.5

10. g{min) Operator :

: Chie Ishizaka

2.5

Operating date : Feb. 22, 1993
PXNO Time
(min)
! 4.07

Totai

Area
(uV-sec)
2576
2576

Height Cone.
(V) (%)
383 100.00

100. 00

vy

1.5
Test

-

10. olmin) : Chie [shizaka

Operator

fish after 6 veeks (Level 1-b)

2.5 '

Operating date : Feb. 22, 1993
PKNO Time
{min)
1 3.95

TJotal

Area
(uV-sec)
2339
2339

Height
(V)
361

Cone.

(%)
100. 00
100. 00

5.0 7.5

Date
Fig. 8 =3

: Feb. 22. 1993

;Bjo(min) Operator

: Chie Ishizaka

Analysis of test fish ( Level 1)

Name :

C ISQ?lakg




Standard soiution 2. ! az/L

lcerating za=s - ‘ar. ERE-i
PXNO Time Area ~eignt Zonc.
min) (uV-see) ‘) %)
| 3.33 2904 447 '¢0.00
Total 2304 100. 00

f T

0.0 2.5 5.0 7.5

,E g{min) Operator : Chie Ishizaka

Test fish after 8 weeks (Level 1-a)

Operating date : Mar. 9, 1993

PKNO Time Area Height Canc.

(min) (uV-seec) (uV) (%)
1 3.93 2651 415 100.00
Total 2651 100. 00

0.0 2.8 5.0 7.5

F

16: g{min) Operator : Chie Ishizaka

Test fish after 8 weeks (Level 1-b)

Operating date : Mar. 9, 1993

PKNO Time Area Height Cone.

(min) (uV-sec) (uV) (%)
1 3. 96 3502 543 100.00
Total 3502 100. 00

0.0 2.5 5.0 7.5 10. 0{min) Operator : Chie [shizaka
Date : g, 1993 Name : C Usla: iaka
Fig. 8 - ¢ Analysis of test fish ( Level 1 )



Standard soiution 2.1 az/L

-ceratirs zac<e “an. 2, 233
SKNO Time Area Heignt lone.
. imin) {(uV-seg) ‘uV) %)
! 3.98 2836 423 100. 00
Total 2836 100. 60

T

0.0 2.5 5.0 7.5

10, 0{min) Operator : Chie Ishizaka

Test fish after 2 weeks (Level 2-a)

Operating date : Jan. 26, 1993

PKNO Time Area Height

Conec.

(min) (uV-see) (uV) (%)

1 3.99 139§ 217 100.00
Total 1395 100. 00

»
r
~a

-
(s

0.0 2.8 5.0 7.5

Ta:g(min) Operator : Chie [shizaka

Test fish after 2 weeks (Level 2-b)

Operating date : Jan. 26, 1993

PKNO Time Area Height Cone.

{min) (uV-seec) (uV) (%)
1 3.99 1328 208 100.00
Total 1325 100. 00

N

0.0 2.8 5.0 1.5

T).g(min) Operator : Chie Ishizaka
Date : Feb. 1, 1993 Name ;
Analysis of test fish ( Level 2 )

C ISA;SGI‘Q
Fig. 9 -1




| Stanaard soiution 3.1 ag/L

lcerati~z za-s Sen. I, vzi3
PXNO Time “rea ~algnt lsne.
minl (Y- see) 7)) 75)
. 1 3. 94 2810 431 100. 00
Total 2810 100. 00
!
0:0 2"5 5:0 7_'5 Eo(min) Operator : Chie Ishizaka

Test fish after 4 weeks (Leve] 2-a) Operating date : Feb. 9, 1993

PKNO Time Area Height Conc.

(min) (uV-see) (uV) (%)
! 3.94 2706 407 100. 00
Total 2706 100. 00

L ;

0.0 2.5 5.0 7.5 G’ olmin) Operator : Chie I'shizaka

Test fish after 4 veeks (Level 2-b) Operating date : Feb. 9, 1393

PKNO Time Area Height Conc.

(min) (uV-see) (uV) (%)
1 3.94 2142 328 100. 00
Total 2142 100. 00
|
0:0 2.'5 5,'0 7:5 10. g(min) Operator : Chie Ishizaka
Date : Feb. 10, 1993 Name : C. ISLn'éaka.

Fig. 9 -2 Analysis of test fish ( Level 2 )



_BEST COPY AvA

HARLE 38T e
i ALE =Y aaY ™ § = ney
f Standard solution 3.1 ag/L lferatins zate . Tes, 2. 133z
FXNO Time ~“rea ~ei1gnt lcre.
min) (uV-seg) V) %)
v ) 1.03 2596 399 100.00
Total 2696 100. 00
1
J
0:0 2:5 5:Q 7:5 1(; o(min) Operator : Chie [shizaka
Test fish after 6 weeks (Level 2-a) Operating date : Feb. 22, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (%
| 4. 08 3123 479 100.00
Total 3123 100. 00
1
¢
0:0 255 5.'0 7_'5 ,oj_ g{min) Operator : Chie I'shizaka
Test fish after 6 weeks (Level 2-b) Operating date : Feb. 22, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (%)
1 4. 08 4008 593 100. 00
‘ Total 4008 100. 00
0.'0 2:5 s.ro 7f5 mj_ o{min) Operator : Chie [shizaka
Date : Feb. 22, 1993 Name : C st 2aka
Fig. 9 -3 Analysis of test fish ( Level 2 )



BEST COPY AVAILABLE

2ST s li227T:
!] Jlancard soiutisn o oagsl lceratis; zate ar. Ioi::
~XNO Time Area ~eignt lone.
min} (uv-see) V) 31
. 1 3,85 2845 438 100.¢9
Total 2845 100. 00
!
|
o.‘o 2,'5 5:0 7_'5 To—:o(min) Operator : Chie Ishizaka
Test fish after § weeks (Level 2-a) Operating date : Mar. 9, 1993
PKNO Time Area Height Conc.
(min) (uV-sec) (V) (%)
1 3.96 3330 537 100. 00
Total 3330 100. 00
]
t
0.0 2.5 5. 0 7.5 10. omin)  Operator : Chie Ishizaka
Test fish after 8 weeks (Level 2-b) Operating date : Mar. 9. 1993 ‘
PKNO  Time  Area  Height Cone. f
(min) (uV-sec) (uV) (28)
1 3.97 2839 448 100. 00
Total 2839 100. 00
1
0.'0 2:5 5.'0 7,’5 Tojo(min) Operator : Chie Ishizaka
Date : Mar. 9, 1993 Name : C ISL‘.&.J(“
Fig. 9 - ¢

Analysis of test fish ( Level 2 )




BEST COPY AVAILABLE

2sT Y@, 22272
Standard soiution 9.1 ag/L S2eratinfg zate : _an. G2, 0333
PKNO Time Area “eight lone.
fmin) {uv-seei ‘L) 24}
N : 1. 04 2878 431 100.00
Total’ 2875 100. 00
!
i
0:0 2:5 5:0 7.5 |€_' o{min)  Cperator : Chie Ishizaka
Before the initiation of exposure ( Control-a ) Operating date : Jan. 12, 1993
PKNO Time Area Height Canc.
(min) (uV-see) (uV) (%)
Total 0 Q.00
Peak position
m.d.
LAL t.
o o 28 5 0 7.8 10. 0{min) Operator : Chie Ishizaka
Before the initiation of exposure ( Control-b ) Operating date : Jan. 12, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (%)
Total 0 0.00
Peak position
ool
0.0 2.8 5.0 1.5 10.0(min) Operator : Chie Ishizaka
Date : Feb. 1, 1993 Name : C ISL-'-Eg.k&
Fig.10 - 1 Analysis of test fish ( Controi )



BEST COPY AVAILABLE

Tagt ozl
| Standard solution 0.1 g/l lzerating zate . Mar. 2. 331
SKNO Tine irea ~eignt lane.
. min) L uV-sec) LV 23)
1 3. 37 2774 423 100.00
Total 2774 100. 00
1
0.0 2:5 5_'0 7.r5 To_o(min) Operator : Chie [shizaka
After the termination of exposure ( Control-a ) Operating date : Mar. 12, 1993
PKNO Time Area Height Cone.
(min) (uV-sec) (uV) (%6)
Total 0 0.00
Peak position
A W\f_ ;
0:0 2:5 5_'0 7_'5 Eo(min) Operator : Chie Ishizaka
After the termination of exposure ( Control-b ) Operating date : Mar. 12, 1993
PKNO Time Area Height Cone.
(min) (uV-seec) (uv) 6.9)
Total 0 0.00
Peak position
m.d,
0.0 2:5 5_'0 7_'5 IT).O("“") Operator : Chie [shizaka
Date : Mar. 17,1993 Name : C-Isbizulea

Fig.10 - 2 Analysis of test fish ( Control )



Conceatration of dissolved oxygen (mmg/l.)

Concentration of dissolved oxygen (mg/L)

Concentration of dissolved oxygen (mg/L)

10

10

BEST COPY AVAILABLE

- T2st Mo, LIITL
/
1 1 1 L 1 |
0 10 20 30 40 50 60
Exposure period (days)
Fig. 11 Concentration of dissolved oxygen (Level 1)
-
:
- _'A gamaneni— .w— .
/ )
L 1, 1 L 1 H
0 10 20 30 40 50 60
Exposure period (days)
Fig. 12 Concentration of dissolved oxygen (Level 2)
- v S
i L ] i Il J
0 10 20 30 40 50 60
Exposure period (days)

Fig. 13 Concentration of dissalved axvesn (Caneeail
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Tabie-1

3

Calculation table for analysis of pans of test fish

(Level 1)
TestNo. 42274
Sample description A D G K H J
Standard 0.1mg/L 2777
Teguments® a 2614 25 5.3 143 8.80 16200
Teguments® b 2762 25 5.5 146 8.80 16500
* including intestine and gill
Standard 0.1mg/L 2951
Head a 1435 100 8.5 184 8.80 20900
Head b 1271 100 8.5 163 8.80 18500
Standard 0.1mg/L 2901 '_
Viscera a 845 50 2.7 174 8.80 . 19700
Viscera b 913 50 2.2 230 8.80 26200
Standard 0.1mg/L 2866
Remainder parts a 4791 25 19.1 70.4 8.80 8010
Remainder parts b 4612 25 17.7 73.2 8.80 8320
A . Peak area (nVe-sec)
A(std).Standard solution A(t):Sample
B : Ratio of portion used for analysis 5/150
C : Final volume 10mL
D : Dilution factor
E : Average concentration of blank in analysis of control
F : Recovery rate 93.2%
G : Weight of part (g)
K : Concentration of test substance in test fish (ug/g)
K =PxA(t)/A(std)/BxDxC/Fx100/G-E
H: Average concentration of test substance in test water (ug/!)
J: BCF
J =(PxA(t)/A(std)/BxDxC/Fx100/G-E)/H
P . Concentration of test substance in standard solution 0.1mg/L

March 16,1993 Name C I[shil2ake




Table-2 '
Calculation (abls for anaiysis of parts of last fish

{Laval 2)
TestNo. 42274
Sample description A D G K H J
Standard 0.1mg/L 2989
Teguments® a 2688 2 4.5 12.9 0.810 15900
Teguments® b 3068 2 4.9 13.5 0.810 16700
* Including intestine and gil
Standard 0.1mg/L 2809
Head a 1789 10 7.7 26.6 0.810 32900
Head b 2264 10 8.5 30.5 0.810 37700
Standard 0.1mg/L 2919 y
Viscera a 448 5 1.5 16.5 0.810 20800
Viscera b 730 5 2.0 20.1 0.810 ~ 24900
Standard 0.1mg/L 2824
Remainder parts a 2822 5 15.4 10.4 0.810 12900
Remainder parts b 3075 5 17.3 10.1 0.810 12500
A : Peak area (uV-sec)
A(std):Standard solution A(t):Sample
8 : Ratio of portion used for analysis 5/150
C : Final volume 10mL
D : Dilution factor .
E . Average concentration of blank in analysis of control
F : Recovery rate 93.2%
G : Weight of part (g)
K : Concentration of test substance in test fish (ug/g)
K =PxA(tyA(std)/BxDxC/Fx100/G-E
H : Average concentration of test substance in test water (ug/l)
J: BCF
J =(PxA(t)/A(std)/BxDxC/Fx100/G-E)/H
P : Concentration of test substance in standard solution 0.1mg/L

March 30,1993 Name C Ilshi 2aka
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Standard soiution 2.1 ag/L

lperat:ing cate - Mar. 03 c322
2XNO Time Area Heignt Cone.
min) (uV-seg) (uVv) 23
\ I 3. 8% 2777 442 100.C0
Total 2777 100. 00
1
0: 0 2_' 5 5: 0 7: 5 ; o{min) Operator : Chie Ishizaka
Test fish Teguments (Level 1-a) Operating date : Mar. 15, 1993
PKNO Time Area Height Conc.
{min) (uV-see) (uV) (%)
1 3. 96 2614 417 100.00
Total 2614 100. 00
1
A;‘ k ;
0.0 2.5 5.0 7.8 10. g{min) Operator : Chie “Ishizaka
Test fish Teguments (Level 1-b) Operating date : Mar. 1S, 1993
PKNO Time Area Height Cone.
(min) (uV-seec) (uV) (%)
1 3.98 2762 441 100. 00
Total 2782 100. 00
1
0.' o 2: 5 5: 0 7: 5 1‘0' g{min) Operator : Chie Ishizaka
Date : Mar. 16, 1993 Name :  1gqi,: Rekea

Fig. 1 -1 Analysis of parts of test fish ( Level { )



Standerd solution C. 1 mg/L

lcerating cate

Clar T30z
PKNO Time Area Heignt Zone.
min) (uV-sec) (V) 28)
4 i 3.98 2951 452 100.00
Total 2951 100. 00
1
0:0 2:5 5_'0 7:5 10:0("‘1") Operator : Chie [shizaka
Test fish Head (Level 1-a) Operating date : Mar. 15, 1993
PKNO Time Area Height Cone.
{min) (uV-sec) (uV) (%)
1 3. 96 1435 220 100.00
Total 1435 100. 00
! .
t
A K
0.0 2§ 5.0 1.8 10. 0{min) Operator : Chie [shizaka
Test fish Head (Level 1-b) Operating date : Mar. 15, 1993
PKNO Time Area Height Cone.
(min) (uV-seec) (uV) (%)
1 3.98 12714 198 100. 00
Total 1271 100. 00
1
A
O.rO 2:5 5:0 7:5 1; o{min) Operator : Chie [shizaka
Date : Mar. 16. 1993 Name : Isbizaka
Fig. 1 -2 Analysis of parts of test fish ( Level 1)
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Tast

Standerd solution 0.1 =mg/L

[e1)
)
W)
]

loerai:ing cate : Mar.

PKNO Time Area Heignt Conec.
imin) (uV-sec) (V) (%)
v ! 3.97 2901 449 100. 00
Total 2901 100. 00
]
0:0 2:5 5[0 7:5 10:0‘”1") Operator : Chie [shizaka
Test fish Viscera (Level 1-a) Operating date : Mar. 15, 1993
PKNO Time Area Height Conc.
(min) (uV-see) (uV) (%)
! 3.97 845 140 100. 00
Total 845 100, 00
1 t
0:0 2:5 5:0 7?5 ‘6jo(min) Operator : Chie Ishizaka
Test fish Viscera (Level 1-b) Operating date : Mar. 15, 1993
PKNO Time Area Height Cone.
{min) (uV-sec) (uV) (%)
1 3.98 213 147 100. 00
Total 913 100. 00
1
0.0 2.8 5.0 1.5 7};0(min) Operator : Chie [shizaka
Date : Mar. 16, 1993 Name :  1qlL:s.lea

Fig. 1 -3

Analysis of parts of test fish { Level 1)
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281 3. =Ly -

Standerd soiution 0.1 mg/L lserat:ng zate - Mar. T3 0337
PKNO Time Area -“elgnt lene.
min) (uV-sec) (uV) (28)
[ 1 3.99 2866 444 100.00
Totai® 2866 100. 00

: Chie Ishizaka

0:0 2:5 510 7:5 {ato(min) Operator :
Test fish Remainder parts (Level l-a) Operating date : Mar. 15, 1993
PXNO Time Area Height Conc.
(min) (uV-see) (uV) (%)
1 1 3.97 4791 747 100.00
Total 4791 100. 00
J; ;
o:o 2.8 5.0 1.5 10. o(min) Operator : Chie Ishizaka
Test fish Remainder parts (Level 1-b) Operating date : Mar. 15, 1993
PKNO Time Area Height Canc.
{min) (uV-sec) (uV) (%)
1 3.98 4612 716 100.00
100. 00

Total 4612

Chie ishizaka

,ojo(min) QOperator

Mar. 16, 1993 Name : I.S‘m‘ir,he‘

0.0 2.5 5.0 1.5
Date :

of parts of test fish ( Level 1)

Fig. 1 - 4 Analysis



Standard soiution 9.! ag/L

lseratirg zate : ‘Aar. %, '233
2KNO Time Area Helght tome.
(min) (uV-sec) (uV) (28)
1 3. 36 298¢ 458 100. 00
Total 2989 100. 00

0.0 2.8 5.0 1.5 10:0‘“1“) Operator : Chie [shizaka
Test fish teguments (Level 2-a) Operating date : Mar. i5, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (28)
1 3.99 2688 408 100.00
Total 2688 100. 00
1
" [& ;
0.0 2.5 5.0 7.8 10, o(min) Operator : Chia [shizaka
Test fish teguments (Level 2-b) Operating date : Mar. 1S, 1993
PKNO Time Area Height Canc.
(mim) (uV-sec) (uV) (%)
1 3.97 3068 460 100.00
Total 3068 100. 00
1
o:o 2:5 510 7:5 {ato(min) Operator : Chie [shizaka
Date : Mar. 16, 1993 Name : C .[SL; 2 ‘
Fig. 2 -1 Analysis of parts of test fish ( Level 2 )



Standerd soiution 0.1 mg/L lcerating zate . Mar. '3 0233
SXNO “ime Area ~ei3nt lane.
min)  {uV-sec) {uVv) %
v 1 3.¢8 2809 439 100.00
Total ° 2809 100. 00
1
o:o 2: 5 5.'0 7: 5 TO' o{min) Operator : Chie Ishizaka :
Test fish Head (Level 2-a) Operating date : Mar. 15.1993 |
PKNO Time Area Height Cone. i‘
(min) (uV-sec) (V) (%) i
1 3.97 1789 279 100.00 {
Total 1789 100. 00 '
A 1 |
k ;
0.0 2.§ 5.0 1.5 10, 0{min) Operator : Chie Ishizaka
Test fish after 2 weeks (Level 2-b) Operating date : Mar. 15, 1993
PKNO Time Area Height Conc.
(min) (uV-sec) (uV) (%)
1 3.97 2264 350 100.00
Total 2264 100. 00
1
0: Q. 2: 5 5: 0 7: s TO o{min) Operator : Chie [shizaka
Date : Mar. 16, 1993 Name : (= [l sgka

Fig. 2 - 2 Analysis of parts of test fish ( Level 2 )



Tast Nz aZTTs
! Standard soiution 0.1 ag/L lcerati-~3 zate . Yar. 3. i3
PXNQ Time Area ~elgnt lane.
min) (uv-sec) ‘uV) 78)
N 1 3. 98 2919 445 100.00
Total 2919 100. Q0
1
0"0 2:5 S.ro 7:5 1;. g{min) Operator : Chie Ishizaka
Test fish Viscera (Level 2-a) Operating date : Mar. 15, 1993
PKNO Time Area Height Conc.
(min) (uV-sec) (uv) (%)
1 3. 97 448 80 100. 00
Totai 448 100. 00
| ¢
] L A ]
0.0 25 5.0 1.5 10. o{min) Operator : Chie tshizaka
Test fish Viscera (Level 2-b) Operating date : Mar. 15, 1993
PKNO Time Area Height Cone.
{min}) (uV-sec) (uV) (23)
! 3.99 730 113 100.00
Total 730 100. 00
1
0:0 2:5 5:0 7:5 10:0("‘1"‘) Operator : Chie Ishizaka
Date : Mar. 15, 1993 Name : @ rolisakes
Fig. 2 -3 Analysis of parts of test fish ( Level 2 )




r Standerd soluticn 0.1 ag/L e

-Eerating zate : ‘Mdar. '3, 233
PKNO Time Area “eignt lone.
{min) (uV-sec) (V) (23)
. 1 3.97 2824 448 100. 00
Total 2824 100. 00
1
o:u 2:5 5:0 7:5 Eo(min) Operator : Chie [shizaka
Test fish Remainder parts (Level 2-a) Operating date : Mar. 15, 1993
PKNO Time Area Height Cone.
(min) (uV-see) (uV) (%)
1 3.99 2822 432 100.00
Total 2822 100. 00
1
t
0.0 2.5 5.0 1.5 ‘T,.o(min) Operator : Chia [shizaka
Test fish Remainder parts (Level 2-b) Operating date : Mar. 15, 1993
PKNO Time Area Height Cone. ;
(min) (uV-seec) (uV) (%) ;
1 3.98 3078 457 100.00 l‘
Total 3075 100. 00 i
1 f
|
" |
0.0 2.5 5.0 7.5 10. a{min)  Operator : Chie Ishizaka
Date : Mar. 16, 1993 Name

C-{shirako

Fig. 2 -4 Analysis of parts of test fish ( Level 2)
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Table-1 Calculation table for analysis of tast Hsh
Depuration test {Lavel 1)
Test No. 42274

Sample description A D G K M
Standard 0.1mg/L 2877
Test fish after 4 days a 3636 100 32.1 127 117%
Test fish after 4 days b 2239 100 29.6 84.6 77.9%
Standard 0.1mg/L 2767
Test fish after 8 days a 1562 100 33.1 54.9 50.6%
Test fish after 8 days b 2285 100 28.2 94.3 86.8%
Standard 0.1mg/L 2971 S
Test fish after 14 days a 4585 50 26.4 94.1 86.6%
Test fish after 14 days b 4133 50 28.1 79.7 73.4%

A : Peak area (uV-sec)
A(std):Standard solution A(1):Sample
B : Ratio of portion used for anaiysis 5/150
C : Final volume 10mL
D : Dilution factor
E : Average concentration of blank in analysis of control
F: Recovery rate - 93.2%
G : Weight of test fish (9)
K: Concentration of test substance in test fish (ng/g)
K =PxA(t)/A(std)/BxDxC/Fx1 00/G-E

L : Average concentration of test substance in test fish after 8 weeks (ug/g) 109
M : Residual rate (%) .

M .(PxA(t)/A(std)/BxDxC/Fx1OOIG-E)/L
P : Concentration of test substance in standard solution 0.1 mg/L

March 29,1993 Name ( Ishizaka



Table-2 Cailculation table for analysis of !ast fish

Depuration test (Level 2)
Test No. 42274
Sample description A D G K M
Standard 0.1mg/L 2938
Test fish after 4 days a 2128 10 31.6 7.38 58.5%
Test fish after 4 days b 3146 20 33.9 20.3 161%
Standard 0.1mg/L 2813
Test fish after 8 days a 3846 10 30.3 14.5 115%
Test fish after 8 days b 4774 10 30.3 18.0 143%
Standard 0.1mg/L 2761 ‘
Test fish after 14 days a 2257 10 28.5 9.23 73.1
Test fish after 14 days b 2075 10 27.5 8.80 69.7%
A: Peak area (1Vesec)
A(std):Standard solution A():Sample
B : Ratio of portion used for anaiysis 5/150
C: Final volume 10mL
D : Dilution factor
E: Average concentration of blank in analysis of control
F: Recovery rate - 93.2%
G: Weight of test fish (9)
K : Concentration of test substance in test fish (ug/q)
K =PxA(t)/A(std)/BxDxC/Fx100/G-E
L : Average concentration of test substance in test fish after § weeks (ug/g) 12.6

M : Residual rate (%)
M -(PxA(t)/A(std)/BxDxC/Fx1OOIG-E)/L
P : Concentration of test substance in standard solution

0.1mg/L

March 29,1993 Name ¢

Lot 2 eka,




Standard solution 0.1 mg/L

lcerating cate : Mar, C300

333
PKNO Time Area Height Cone.
(min) (uV-see) (uv) (%
1 3.93 2877 452 100. 900
Total 2877 100. 00

0.0 2.8 5.0 7.5

Eo(minl Operator : Chie {shizaka

Test fish after 4 days (Level 1-a)

Operating date : Mar. 19, 1993

PKNO Time Area Height Cone.

(min) (uV-sec) (uV) (%)
1 4,02 3636 553 100. 00
Total 3636 100. 00

0.0 2.5 5,0 1.8

10. 0{min) Operator : Chie Tshizaka

Test fish after 4 days (Level 1-b)

Operating date : Mar. 19, 1993

A

PXNO Time Area Height Cone.

(min) (uV-sec) (uV) (%)
1 4. 01 2239 348 100. 00
Total 2239 100. 00

r Y T

0.0 2.8 5.0 1.5

10.0(min) Operator : Chie Ishizaka

Date
Fig. 1 -1

: Mar. 19, 1993 Name :
Depuration test of test fish ( Level 1 )

C_Isbs; Rokte




28t No. 12274
f

Standard soluticn 0. ag/L

lcerating zate : ‘Mar. 22, 1333
PKNO Time Area Heignt Cane.
{min) (uv-see) (V) (?5)
4 I 3.386 2767 443 100.00
Total 2767 100. 00
1
0:0 2.5 5:° 1.5 10. o{min) Operator : Chie Ishizaka

Test fish after 8 days (Level 1-3) Operating date : Mar. 23, 1993

PKNO Time Area Height Cone.

(min) (uV-seec) (uV) %)
1 3.94 1562 249 100.00
Total 1562 100. 00
1
A t
A
0: 0 2: 5 5: 0 7_' 5 F o(min) Operator : Chie [shizaka

Test fish after 8 days (Level 1-b) Operating date : Mar, 23, 1993

PKNO Time Area Height Cone.

(min) (uV-sec) (uV) (28)
1 3. 95 2288 371 100.00
Total 2288 100. 00
{
.
010 2.5 5:0 7_'5 mjo(min) Operator : Chie [shizaka
Date : Mar. 23, 1993 Name

C Ish; 2alca

Fig. 1 -2 Depuration test of test fish ( Level 1 )



Standard soiution 0.1 mg/L

25

rt

lperating cate -

PXNO Time Area

Heignt

2.5

5.0 7.5

H‘; o(min)

{min)
! 4.07

(uV-seg)

{uV)

lone.

(%5

23N

442 100. 00

Total’

Operator :

297

: Chie [shizaka

100. 00

Test fish after 14 days (Level 1-a)

i\

0.0

T

PKNO

Operating date : Mar. 29, 1993

Time
(min)
4. 08

Area
(uV-sec)
4588

Height
(V)
692

Conec.

(%)
100. 00

2.5 5. 0 1.5

Test fish after

10. g{min)

Total

Operator :

4585

-

Chie Ishizaka

100. 00

14 days (Level 1-b)

PKNO

1

Operating date

: Mar. 29,1993

Time
(min)
4. 08

Area
(uV-:sec)
4133

Height

{uv)

Cone.

(%)

642

100. 00

Total

4133

100. 00

0.0 2.8 '

5.0 1.5
Date

10. g{min)

Operator : Chie lshizaka

Fig. 1 -3 Depuration test of test fish (

: Mar. 29, 1993

Level 1 )

Name :

Cvisu;éakq




287 No. 42274

Standard solution 0.1 =g/l

r T Y T

0.0 2.5 5.0 7.8

Coerating cate : ‘ar. '3, 333
PKNO Time Area “eight Cone.
(min) {uvV-sec) (uv) (23)
1 3. 96 2938 461 100.00
Total" 2938 100. 00

mj. g{min) Operator : Chie [shizaka

Test fish after 4 days (Level 2-a)

0.0 2.5 S.0 1.8

Operating date : Mar. 19, 1993

PKNO Time Area Height Conc.

(min) (uV-sec) (uV) (%)
1 3.97 2128 336 100.00
Total 2128 100. 00

10. 0{min) Operator : Chie IShizaka

Test fish after 4 days (Level 2-b)

L

0.0 2.5 5.0 1.5

Operating date : Mar. 19, 1993

PKNO Time Area Height Cone.

(min) (uvV-sec) (uVv) (%)
1 4. 00 3146 488 100. 00
Total 3146 100. 00

10. g{min) Operator : Chie Ishizaka

- Date :

Mar. 19, 1993 Name : C ISL‘. zkl N
Fig. 2~1 Depuration test of test fish ( Level 2 )




Test ‘.

12274

Standard scluticn 0.1 ag/L

cerating cate : Mar, 23,0333
2KNO Time Ares Height lone.
min) (uV-see) (V) (%5
. ! 4. 08 2813 440 100. 00
Total 2813 130. Q0
1
°:° 2: 5 5:0 7:5 ,E o{min) Operator : Chie Ishizaka
Test fish after 8 days (Level 2-a) Operating date : Mar. 23, 1993
PKNO Time Area Height Conce.
(min) (uV-see) (uV) {%)
! 3.95 3846 615 100.00
1 Total 3846 100. 00
t
0:0 23_ 5.ro 7_'5 Eo(min) Operator : Chie ishizaka
Test fish after 8 days (Level 2-b) Operating date : Mar. 23, 1993
PKNO Time Area Height Conc.
(min) (uV-sec) (uV) (%)
1 1 3.95% 4774 751 100.00
Total 4774 100. 6O
0. ) 2.5 5.0 7.8 10. g{min) Operator : Chie Ishizaka
Date : Mar. 23,1993 Name : C. Ishizalca
Fig. 2 -2 Depuration test of test fish ( Level 2 )



2st No. 42274
|

Standard soiuticn 0.1 ag/L

lcerating cate : Mar. 23, 1383
PKNO Time Area  Heignt Cone.
(min) (uV-sec) (V) (%%
v 1 4,08 2761 429 100. 00
Total” 2761 100. 00
|
0.’0 2. 5 5_‘0 7.5 |Ej glmin) Operator : Chie [shizaka

Test fish after 14 days (Level 2-a) Operating date : Mar. 29, 1993

PKNO Time Area Height Cone.

(min) (uV-see) (uV) (%)
1 4. 07 2287 351 100. 00
Total 2257 100. 00
1
¢
0.0 2 5 0 7.8 10.0{min) Operator : Chie Ishizaka

Test fish after 14 days (Level 2-b) Operating date : Mar. 29, 1993

PKNO Time Area Height Conc.

(min) (uV-sec) (uV) (%)
1 4.07 2078 316 100.00
Total 207% 100. 00
1
0:0 2:5 5:0 7:5 1;, olmin) Operator : Chie Ishizaka
Date : Mar. 29, 1993 Name : C Lgc\iéako\

Fig. 2-13 Depuration test of test fish ( Level 2 )




Residual rate (%)
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Test No.42274
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Fig. 3 Depuration curve ( Level 1)



Residual rate (%)

Test No.42274
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Fig. 4 Depuration curve ( Leve| 2 )
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August 16, 1994

Dear Sirs,

Here is the translation of the document which you requested for your
client.

This work is provided on a "best effort” basis. As you are aware
translation is always an inexact procedure. As a simple example there is
generally no distinction made between singular and plural in Japanese. The
choice of which to use is, therefore, often arbitrary. In translating technical
information questions of interpretation and specialized vocabulary also
arise. Translators, like everyone else, also simply make errors. Therefore,
while we have done our best to make the information in this document
available to you in English. we cannot guarantee against errors due to
typing, translation, interpretation or other causes.

Some special notes on this translation: | f
. . . )
1) We were unable to satisfactorily interpret a reference on page 6 °

of the original document. We have used "sodium #2 mercury” in the : -
translation. #2 may mean secondary, or this may be a chemical formula. ‘7)‘7

Jid

I

A

2) Japanese has a phonetic alphabet which is often used to translate : o
foreign words into Japanese. Translating this alphabet back into English.>
generally relies on making a connection between the J apanese A
pronunciation and the English pronunciation. For some words there is a
well known correspondence, but for others the vocabulary is very
specialized. In this document, the following cases were of particular
concern:

N

* On page 6, reference is made to a "erubaajyuu” solution.
We are unable to give a satisfactory interpretation of this term.

* On pages 12 and 17, the term "seppupakku” is used. This
may refer to a "separation pack"?

* Also on pages 12 and 17, the term "memburan firutaa"
appears on the original. We have translated this as "membrane
filter".




3) On page 8 af the original, there is a word which we were unable
to translate. We have marked this with "XXX". This may be a specialized
term we are untamiliar with or a typographical error. From the context it
seems to refer to a drying operation.

4) Names of companies, journals, societies, etc. can be translated
either phonetically or in terms of their meaning. We have used both
systems in the translation based on our judgment as to which would be most
helpful.

When a translation based on the meaning is given, this may or may
not correspond to the "official” name in English. For example, there is
often some arbitrariness in the choice of words (society/association/institute
etc.) and in the word order. Please be aware that the "official" English
name is likely to be a permutation or variant of the translation given.

For phonetic translation, please also see the comments given in note
3).

5) For addresses and people's names a phonetic translation is, of
course, appropriate. We have provided what we feel is the most probable
the pronunciation, but the characters used to write names can have multiple
pronunciations. In two cases (one address and one name) we have so far
been unable to make a suitable translation. These are marked with "XXX".
If this information is important to the client, please let us know and we will
work further on it.

Names of individuals are given using the Japanese convention (i.e.
family name first).

6) There are a number of references to rules, laws, codes, etc. which
occur in a very stylized fashion. We are not familiar with the conventions
used in these cases but have tried to provide a literal translation, while
retaining as much as possible of the original format.

Please give us a call if there are any questions regarding this
document. We are always willing to discuss whether alternate

interpretations are possible, to correct errors, or clarify any uncertainties
in the translation.




NOTE

The small, typed brackets in this report are used by the translator and
they do not indicate confidential information. Each business
confidential information is marked within a handwritten heavy bracket.




received number S02-2274
examination number, 42274
Final Report

Foundation

Test for TPA Enrichment in Carp

March 23, 1993

Chemical Product Examination Association
Chemical Product Safely Center, Kurume Research
Laboratory




Statement

Foundation Chemical Product Examination Association
Chemical Product Safely Center, Kurume

Research Laboratory
test contractor[ ]

test title Test for TPA Enrichment in Carp

test number 42274

The above test was performed based on (the 4th specified
instructions regulating items for test facilities for new chemical
material tests and investigation of specific chemical materials’
harmfulness, etc.] (environmental protection number 39, chemical
publication number 229, 59th section's number 85, March 31, 1984,
November 18, 1988 revision) establishing [the 4th specified
instructions regulating items for test facility standards for new
chemical material tests and investigation of specific chemical

materials’ harmfulness, etc.] and [OECD Principles of Good Laboratory
Practice] (May 12, 1981).

March 23, 1993

operation manager_Katsyura Hiroshi




Cenrtification of

reliability

Foundation

test contractor[ N
test title

test number 42274

Chemical Product Examination, Association

Chemical Product Safely Center, Kurume
Research Laboratory

]

Test for TPA Enrichment in Carp

The above test was performed by the Foundation of Chemical
Product Examination Association, Chemical Product Safely Center,

Kurume Research Laboratory's reliability department.

The inspection

date and date of reporting to the operation manager and person(s)
responsible for the test are as follows.

inspection date

report date (operation
manager)

report date (person
responsible for test)

January 8, 1993

January 8, 1993

January 8, 1993

January 19, 1993

January 19, 1993

January 19, 1993

January 29, 1993

January 29, 1993

January 29, 1993

February 4, 1993

February 5, 1993

February 5, 1993

February 22, 1993

February 25, 1993

February 23, 1993

March 23. 1993

March 23. 1993

March 23. 1993

It is certified in this final report that the test methods are
correctly recorded, that the details of the test plan and the standard
operation order were followed, and that the raw data is correctly

reflected.

March 23, 1993
Reliability certifying manager Qk

March 23, 1993
Person responsible for reliability certifying department

XX
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Summary

1. test title
Test for TPA Enrichment in Carp

2. test conditions

2.1 acute toxicity test

(1) fish for test oryzias latipes
(2) exposure time 48 hours
(3) exposure method half cutoff (change water

every 8 ~16 hours)

2.2 enrichment test

(1) fish for test carp 3

(2) test concentration '
#1 concentration region 10ug/l .
#2 concentration region ug/l

(3) exposure time 8 weeks

(4) exposure method continuous flowing water

(5) analysis method high speed liquid

chromatography

3. test results

(1) tested material 48 hour LC50 value over 200mg/I
(2) enrichment ratio

#1 concentration region 3650~13900 times

#2 concentration region 6440~17800 times

4. stability of the tested materiai

The stability of the tested material was checked under storage
and test conditions.




Final Report

test number 42274
1. title Test for TPA Enrichment in Carp
2. test contractor name f ]
address g
]
3. test facility name Foundation of Chemical Product

Examination Association, Chemical
Product Safely Center, Kurume
Research Laboratory

address 19-14 Chuo-cho, Kurume-shi
Fukuoka-ken, (830)
TEL. (0942) 34-1500

operation manager Katsuura Hiroshi

4. test purpose to investigate level of TPA enrichment in carp
5. test method

Based on '305C. Bioaccumulation: Degree of Bioconcentration in
Fish' as provided by <chemical material enrichment test for the
fishery product > and [OECD Guidelines for Testing of Chemicals] (May
12, 1981) given by [new chemical material test methods]
(environmental protection number 5, chemical number 615, 49th
section's number 392, July 13, 1974).

6. conformance to excellent test institution standard

Performed in conformance with (the 4th specified instructions
regulating items for test facilities for new chemical material tests
and investigation of specific chemical materials' harmfulness, etc.]
(environmental protection number 39, chemical publication number
229, 509th section's number 85, March 31, 1984, November 18, 1988
revision) establishing [the 4th specified instructions regulating
items for test facility standards for new chemical material tests and
investigation of specific chemical materials' harmfulness, etc.] (this
is called the [GLP standard] below) and [OECD Principles of Good
Laboratory Practice] (May 12, 1981)




7. test period

(1) test start date
(2) exposure start date
(3) exposure finish date
(4) test finish date

8. test personnel

person responsibie for test
person in charge of test

person responsible for care of
animals

person in charge of acute
toxicity test

person responsible for test
material and documentation

9. Date final report was made

person making report

10. Final report approval

January 8, 1993
January 12, 1993
March 9, 1993

March 23, 1993

Fujimoto Kazuma
Ishizaka Chie

Kawashima Yasuro

Kawashima Yasuro

Takahashi Akira

March 23, 1993

Ishizaka Chie

March 23, 1993

person responsible for test name Fujimoto Kazuma




11. tested material

The TPA in this report has the following name and -structural
formula etc.

1.1 name "1 Tri (4-methyl phenyl) amine
11.2  structural formula etc. "1

structural formula

molecular formula C21H21N
molecular weight 287.40
11.3 purity *1 over 99.9 %
11.4 provider and lot number "1

(1) provider Fuji Xerox Co.
(2) lot number 920602

"1 provided by the test contractor's document




11.5 confirmation of the tested material

Agreement between the test contractor provided infrared
absorption spectrum and the spectrum measured at "this
laboratory was confirmed (refer to figure 15 and reference 2).

11.6 Physical and chemical properties

appearance achromatic crystal

fusion point™! 1160C

solubility
water less than 10 mg/l
hexane 61 g/l

chloroform more than 100 g/l (visual
observation)
ethyl acetate more than 100 g/l (visual .

observation)
methanol 430 mg/l

"1 based on documents provided by the test contractor

11.7 storage conditions and stability under the storage
condition

(1) storage condition dark, cool place

(2) stability check The infrared absorption spectrum
was measured before the start of
the exposure and after completion of
the test (see figure 15) . The fact
that the 2 spectra were the same
and the stability under the stored
conditions was confirmed.

11.8 stability under the test conditions
Pre-examination was performed before the start of
exposure and stability under the test conditions confirmed.




12.  acute toxicity test

12.1 test methods

Performed based on [industriai liquid waste test methods,

acute toxicity test for fish] (JIS K 0102-1986 's 71)
methods.

12.2 fish for test

(1) type of fish Oryzias latipes

(2) source of fish Nakajima fishery
(address Daimyojin, Nagasu-cho,
Tamanagun, Kumamoto-ken 869-01)

(3) conditions for care of fish

time etc. Upon receipt, visual inspection was

performed and abnormal specimens :
removed. After chemical bath, raised
for 27 days in flowing water in fish
care tank.

chemical bath Chemical bath was performed in
standing water for 24 hours in a
solution made with 20 mg/l
‘erubaajyuu” (made by the Ueno
Pharmaceutical Company) solution
and 7 g/l sodium chloride solution.

(4) purification condition Purification was done in a
purification tank where fish
were raised for 56 days in
flowing water at 25 £+ 2 oC,
During this period any
abnormal specimens were
removed.

(8) weight average 0.29 g




(6) full length average 3.2 cm

(7) veritication Based on Tabata Kenji'2's
methods, fish of the same [ot
(TFO-921119) as those which
passed a "sodium #2 mercury*
test were provided.

2 Water and waste water, 14, 1297-1303 (1972)




12.3 water for test
(1) type,
ground water pumped inside the Kurume Research
Laboratory.

(2) analysis and water quality confirmation
The water temperature, pH, and dissolved oxygen
were continuously measured at the laboratory.
Further total hardness, evaporation residue, chemical
oxygen requirement, free chlorine, as well as harmful
materials such as ammonia state nitrogen, organic
phosphorous, cyanogen ion, heavy metal, etc. were
routinely analyzed once every six months. When
water was provided for a test, the total hardness and
evaporation residue was confirmed based on (water ;
quality standard based on city water law] (August 31, °
1978, Ministry of Public Welfare # 56). With regard
to the other items the fact that the concentration
was below that written in [standard for fishery
water] (Corporation Japan Fishery Source Protection
Association, March, 1983) was confirmed (see
reterence 1).

12.4 test condition

(1) test water tank cylindrical glass water tank
(2) amount of test liquid 4 |/ concentration region
(3) test water temperature 25 +20°C

(4) dissolved oxygen concentration

at exposure start 7.8 mg/l
at exposure end 6.1 mg/l

(5) pH at exposure start 7.6
at exposure end 7.5
(6) number of fish for test 10 / concentration region
(7) exposure time 48 hours
(8) exposure methods half cutoff (change water

every 8 ~16 hours)
(9) lighting light shielded during test




12.5 method for making solution
(1) dispersant
HCO - 40

(2) method of making
While applying ultrasound agitation the materials for
— test were dissolved in acetone. 50 times the amount
of HCO-40 was added and well mixed. After XXX. A

solution of 1000 mg/l was made by dissolving in ion
exchanged water.

12.6 test implementation
(1) test place room 115LC50
(2) test date January 18 ~ 20, 1993

12.7 calculation of the 48 hour LC50 value
performed using Doudoroff method.

12.8 test resuits
48 hour LC50 value for the tested material
over 200 mg/l (see figure 3)




13.  enrichment test implementation
13.1 fish for test
(1) fish type Cyprinus carpio
(2) source Sugishima Fishery
(address 123-2 Ichiban-cho, XXX,
Yatsushiro-shi, Kumamoto-ken 866)
date received November 13, 1992

(3) conditions for care of fish
time etc. Upon receipt, visual inspection was
performed and abnormai specimens
removed. After chemical bath, raised
for 4 days in flowing water in fish
care tank.

Chemical bath Chemical bath was performed in
standing water for 24 hours in a
solution made with 50 mg/l
terramycin powder for fisheries
(made by the Taito Pfizer) solution
and 7 g/l sodium chloride solution.

(4) purification condition Purification was done in a
purification tank where any
abnormal specimens were
removed and fish were raised
for 29 days in flowing water
at 25+ 2 °C. Then they were
moved to the test water tank
and raised for 7 days at the
same temperature in flowing
water.

date purification completed December 22, 1992




(5) exposure start weight, length, etc. '3

wejight average 22.8 g
length average 9.6 cm~
lipid percentage average 3.7 %

3 measurement of lot (TFC-921113-1)

(6) fish food

type pellet mixed feed for carp

maker Japan Mixed Feed Company

feeding method About 2% of the weight of the test
fish, divided into two portions and
given during two feedings per day.
Feeding stopped the day before fish
were harvested.

13.2 water for test
Same as 12.3.




13.3 test and environment conditions
(1) supply method for water for test
A flowing water type device
assembled in the laboratory
(2) test water tank 100 | glass water tank
(3) amount of test water 1158 l/day water was supplied to
the water tank with the proportions
of 4 ml/min soiution to 800
mi/min test water.
(4) test temperature 25+20°C
(5) dissolved oxygen concentration
# 1 concentration region 7.0 ~ 8.0 mg/l (see fig. 11)
# 2 concentration region 6.9 ~ 7.8 mg/l (see fig. 12)

contrast region 7.5 ~ 8.2 mg/l (see fig. 13)
(6) number of fish for test

# 1 and #2 concentration regions 19 (at exposure start)

contrast region 5 (at exposure start)
(7) exposure period 8 weeks
(8) place of implementation 213 aquatron room

13.4 method for making solution
(1) dispersant
same as 12.5 (1).
(2) method of making
* # 1 concentration region
Using the same method as in 12.5 (2), 2 mg/I
solution was made.
* # 2 concentration region
Using the same method as in 12.5 (2), 0.2 mg/I
solution was made.
* contrast region

A solution of 100 mg/l was made by dissolving
HCO-40 in ion exchanged water.

The above was supplied from a 25 | glass solution tank
to the water tank for the test.




13.5 test concentration
Considering the 48 hour LCS0 preliminary value and the
analytical sensitivity of the tested material, the tested
material concentration was set,
# 1 concentration region 10 ug/l
# 2 concentration region 1 pg/l.
At the same time the contrast region was set as a blank

test.




13.6  analysis of water and fish for test
13.6.1 number of analyses

Analysis of the water in both #1 and #2 concentration
regions was performed twice every week for a total of 16
times during exposure. Each analysis used one
sample point. And analysis of the fish in both #1 and #2
concentration regions was performed during the 2nd, 4th |
6th, and 8th weeks following exposure start for a total of
4 times. Each analysis used 2 fish. For the contrast region
analysis was made before the exposure start and after the
exposure finish. Each sample was 2 fish.

13.6.2 pretreatment of the analysis sample
(1) water for test
Take
#1 concentration region 50 mi
#2 concentration region 500 mi
from the water tank. The following flow scheme was
used for the pretreatment operation of the sample
for high speed liquid chromatography (HPLC).

-




flow scheme
analysis sample of water for test

<-- ion exchanged water 450 mi (graduated cylinder)
(only for #1 concentration region)

<-- dichloromethane 60 ml (graduated cylinder)
. shaking (5 minutes)
water dichloromethane layer
layer
* filtration (No. 2 fiiter paper)
* drying(rotary evaporator, about 50°C, nitrogen purge)
<-- acetonitrle 2 ml (graduated pipette)

* ultrasound agitation (about 20 seconds)

* constant volume 5 ml (acetonitrile, graduated flask)

HPLC sample




(2) fish for test

Fish are taken from the water tank. The following flow

scheme was used for the pretreatment operation of the
sample for HPLC.

flow scheme
analysis sample of test fish
* measure the weight and length
* make small pieces
<-- tetrahydroturan 100 mi (graduated cylinder)
* homogenize (room temperature, about 1 minute)
* centrifuging (7000 x g, 5 minutes)

* filtration (cotton batten)

residue filtrate

* constant volume 150 ml (tetrahydrofuran, graduated

flask)
* split sample S mi (whole pipette)

column chromatography "4 (detail is described below)

drying(rotary evaporator, about 40°C, nitrogen purge)
<-- acetonitrile 5 mi (graduated pipette)
* ultrasound agitation (about 20 seconds)

* constant volume 10 ml (acetonitrile, graduated
flask)

* filtration (membrane filter, 0.45 pm, FN)

HPLC sample




"4 column chromatograpn condition

‘seppupakku” basic alumina
loading all sample liquid loaded
dissolution #1 solution tetrahydrofuran S5 mi

Test material was dissolved with the loading portion
and the #1 solution.




13.6.3 quantitative analysis
Quantitative amalysis was obtained from high speed liquid
chromatography performed on the HPLC sample obtdined from
the 13.6.2 pretreatment, based on the following quantitative
conditions. For fish quantitative analysis, HPLC samples were
suitably diluted and the tested material concentration adjusted
to be within the confirmed linear relationship region. The
chromatograph peak area of a constant volume of the solution
was compared to that of a standard of known concentration and
a proportional calculation done for the tested material's
concentration (see table - 4, 5, fig. - 6, table - 7, 8, 9, fig. - 8,
9, 10).

(1) quantitative conditions

machine high speed liquid chromatograph
pump made by Shimazu Manufacturing Company
LC-6A
detector made by Shimazu Manufacturing Company
SPD-6AV
column L-column ODS
15cm x 4.6 mmo stainless
eluate acetonitrite
flow rate 1.0 mi/min
measured wavelength 300 nm (see fig. 14)
fill amount 30 ul
sensitivity

detector 0.005 ABU/FS
recorder range 1.2 mV




(2) method for making standard solution

To. obtain the analysis sample's tested material
concentration, a standard solution was made as shown
next.

A precisely measured 0.1 g of the tested material
was dissolved in tetrahydrofuran to make a 1000 mg/l
standard solution. This was diluted with acetonitrile to
make a 0.1 mg/l standard solution.

(3) making the calibration curve

0.05, 0.1 and 0.2 mg/l standard solutions were made
using the same procedure as in (2). Following the
quantitative conditions in (1), these were analyzed and the
chromatogram peak areas from these concentrations used
to make the calibration curve.

Considering the noise level, from the calibration
curve the lower limit on detection of the tested material's
peak area was 150 pVesec (tested material concentration
is 4.9 ng/l) (see fig. 4).




13.6.4 Recovery and blank tests

(1) methods

In order to obtain the recovery percentage of the test

material for the previously described water and fish analysis
operations, test material dispersant was added to the water and fish
homogenate for the recovery test, and the recovery test was
conducted based on the operations in 13.6.2 and 13.6.3. With water
and fish homogenate to which no test material had been added for the
recovery test, a blank test was performed using the same operations
as in the case of the recovery test. For the recovery and blank tests
two points were measured. In the blank test there was no peak on the
chromatogram at the test material peak position. The recovery
percentage and average recovery percentage for each analysis
operation's two points are as shown below. The correction value for
the test material concentration obtained from the analysis sample is

set to the average recovery percentage. (see table - 3, 6, figure -.5,
7)

4

(2) results
recovery percentage for the analysis operation
water analysis (test material 0.5 ug added)
91.3%, 93.4%, average 92.3%
fish analysis (test material 30 ug added)
94.0%, 92.4%, average 93.2%




13.6.5 calculation and quantitative lower limit of the test material
concentration in the analysis sample

(1) calculation of the test material concentration in the

analysis sample's water
Using the formula in table - 4, 5 for calculation, the

results are shown rounded to three significant
digits.

(2) Quantitative lower limit concentration of the test material
water

From the test material's detection lower limit
obtained using the calibration curve from 13.6.3 (3),
the quantitative lower limit concentrations 5 of the
test material water

#1 concentration region 0.53 ng/i

#2 concentration region 0.053 pg/l

were calculated.




(3) calculation of the test material concentration in the
analysis, sample's fish
Using the formula in table - 7, 8, @ for calculation,
the results are shown to rounded to three significant
digits.

(4) Quantitative lower limit concentration of the test material
fish
From the test material's detection lower limit
obtained using the calibration curve from 13.6.3 (3),
the quantitative lower limit concentration "5 of the
test material fish, was calculated as 53 ng/g for a
30g fish.

‘5 test material quantitative lower limit concentration

(ng/ A
or ng/g) = B/100 x CxE/D

A: calibration curve's detection lower limit
concentration (ug/l)

B: recovery percentage (%)

C: sample water amount (ml) or fish weight (g)

D: final liquid amount (mi)

E: sample split ratio

calculated results were rounded to two significant
digits



13.7 concentration factor (BCF) calcuiation
Using the formula in table - 7, 8, 9 for calculation, the
results are shown to rounded to three significant digits.
Further, from the quantitative lower limit concentration
of the test material in the fish obtained using 13.6.5 (4),
concentration factor calculation is. possible when the
concentration exceeds the following muitipliers:

#1 concentration region 6.0 times
#2 concentration region 65 times

13.8 handling of number
Number rounding follows JIS Z 8202-1985 reference 3  rule B.




14, test results
14.1 test material concentration in water

test material concentration in water is shown in table - 1.

Table 1 test material concentration in water (average measured
value from exposure start)
(unit  ug/l)
week 2 | week 4 | week 6 | week 8 |attached|attached
table figure
#1 conc. 8.21 8.39 8.69 8.80 |table - 4
region fig. - 6
#2 conc.| 0.781 0.779 0.796 0.810 |table - 5
region
14,2 concentration factor
concentration factor is shown in table - 2
Table - 2 concentration factor
week 2 | week 4 | week 6 | week 8 |attached|attached
table figure
#1 conc.| 3650 4910 10100 10800 |table - 7| fig. - 8
region 4290 6830 9820 13900
#2 conc.| 7450 12900 15100 17800 jtable - 8| fig. - 9
region 6440 11300 17700 13400

The correlation between the concentration factor in table - 2
and the exposure period was shown in figure 1 and figure 2. For the
test material in carp, the enrichment level is from 3650 to 13900
times for the number one concentration region and from 6440 to
17800 times for the number two concentration region.

In the results from observation of the fish, no abnormalities

were noted.
And, the average test material concentration in the water had a
value of around 80% of the set value as shown in table -1.




15. Storage of samples and documents
15.1 Test matenal
Approximately 20g of the test material was put in a
container, sealed tightly and then stored in the research lab sample

storage room during the period provided by the 32nd rule of [GLP
standard].

15.2 Raw data, documents etc.

The analysis results from the test, measured results,
observed results, raw data such as test notes etc. which were used
for making final report, test plan, requests, investigation tables,
documents etc., were stored together with the final report in the
research lab document storage room during the period provided by the
32nd rule of [GLP standard].

16. Remarks

16.1 Key devices * machines, special tools, reagents etc. used
in test

(1) Devices for the test (fish farming facilities)
micro constant-quantity pump for solution supply :
Tokyo Rika Kikai type GMW

dissolved oxygen measuring device :
lijima Seimitsu Kogyo type 552




(2) Devices * machines, special tools. reagents used in analysis
and solution making

Devices * machines
high speed liquid chromatograph :
see page 13
rotary evaporator :
Tokyo Rika Kikai  type N-1
shaking machine :
Irie Shokai TS type
Taiyo Kagaku Kogyo type SR-IIW
homogenizer :
Kinemachika Company
centrifuging machine :
Hitachi Seisakusho type 20PR-52
Special tools
"seppupakku” basic alumina :
Nihon Millipore * Limited
membrane filter :
Nomura Micro Science type FN
Reagent
dichloromethane :
Kishida Kagaku first grade reagent
acetonitrile
Wakou Jyunyaku Kogyo for HPLC

tetrahydroturan

Nakaraitesuku  first grade reagent
acetone

Wakou Jyunyaky Kogyo first grade reagent
HCO - 40 :

Nikkou Chemicals




17. Contents of tables and figures

t

Table

Table - 1 Concentration of the tested material in the testing
water (measured value) [described in this report]

Table -2 Concentration factor [described in this report]

Table -3 Calculation for recovery and blank tests (water
analysis)

Table - 4 Calculation for #1 concentration region water
analysis

Table - 5 Calculation for #2 concentration region water
analysis

Table - 6 Calculation for recovery and blank tests (fish
analysis)

Table - 7 Calculation for #1 concentration region fish analysis

Table - 8 Calculation for #2 concentration region fish analysis

Table -

9 Calculation for the contrast region fish analysis

Reference 1 - Measurement for the test water quality




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1 Correl‘ation between the exposure period -
concentration factor (#1 concentration region)

2 Correlation between the exposure period -

concentration factor (#2 concentration region)

3 test material concentration - mortality curve for the

acute toxicity test

4 calibration curve and its HPLC chart

5 HPLC chart for recovery and blank test (water
analysis)

6 HPLC chart for water analysis

7 HPLC chart tor recovery and blank test (fish

analysis)

8 HPLC chart for #1 concentration region's fish

analysis

9 HPLC chart for #2 concentration region's fish

analysis

Figure-10 HPLC chart for contrast region's fish analysis




Figure-11 Dissolved oxygen concentration for #1
copcentration region's water

Figure-12 Dissolved oxygen concentration for #2 concentration
region's water

Figure-13 Dissolved oxygen concentration for contrast region's
water

Figure-14 Test material's ultraviolet absorption spectrum

Figure -15-1 Test material's infrared absorption spectrum
before exposure stan

Figure -15-2 Test material's infrared absorption spectrum
after exposure completion

Reference 2 |Infrared absorption spectrum provided by test‘
contractor
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COMPLIANCE WITH GOOD LABORATORY PRACTICE STANDARDS

To the best of my knowledge and belief the study described in this report was conducted in
compliance with the following Good Laboratory Practice Standards.

Good Laboratory Practice, The United Kingdom Compliance Programme, Department
of Health & Social Security 1986 and subsequent revision, Department of Health, 1989.

United States Food and Drug Administration, Title 21 Code of Federal Regulations Part
S8, Federal Register, 22 December 1978, and subsequent Amendments.

United States Environmental Protection Agency, (FIFRA), Title 40 Code of Federal
Regulations Part 160, Federal Register, 29 November 1983 and subsequent amendment
Federal Register 17 August 1989.

United States Environmental Protection Agency, (TSCA), Title 40 Code of Federal
Regulations Part 792, Federal Register, 29 November 1983 and subsequent amendment
Federal Register 17 August 1989.

Japanese Ministry of Health and Weifare, Notification No. Yakuhatsu 313
Pharmaceutical Affairs Bureau, 31 March 1982 and subsequeat amendment Notification.
No. Yakuhatsu 870, Pharmaceutical Affairs Bureau, 5 October 1988.

Japanese Ministry of Agriculture, Forestry and Fisheries, 59 NohSan, Notification No.
3850, Agricuitural Production Bureau, 10 August 1984.

Japanese Ministry of International Trade and Industry, Directive- 31 March 1984
(Kanpogyo No. 39 Environmental Agency, Kikyoku No. 85 MITD).

Organisation for Economic Co-operation and Development, ISBN 92-64-12367-9, Paris
1982.

jﬁ’\ﬂ,&\/&: 26-9-773

Stuart M. Denton, B.Sc., Date
Study Director,
Huntingdon Research Centre Ltd.
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QUALITY ASSURANCE STATEMENT

Certain studies such as that described in this report, are conducted at HRC in a setting which invoives
frequent repetition of similar or identical procedures. At or about the time the study described in this
report was in progress, "process-based” inspections were made by the Quality Assurance Department
of critical procedures relevant to this study type. For the inspection of any given procedure, at least
one study was selected without bias. The findings of these inspections were reported promptly to the
Study Director and to HRC Management.

This report has been audited by the Quality Assurance Department. It is considered to be an accurate

description of the procedures and practices employed during the course of the study and an accurate
presentation of the findings.

Date of inspection 9-16.10.92

Date of reporting inspection findings
to the Study Director and HRC Management 16.10.92

Date of reporting audit findings to the
Study Director and HRC Management 16.12.92

1§.2.92

P. Watson,

Systems Compiiance Auditor,
Department of Quality Assurance,
Huntingdon Research Centre Ltd.



921037D/FIX 183/AC

. RESPONSIBLE PERSONNEL

[ the undersigned, hereby declare that the work was performed under my supervision according to
the procedures herein described, and that this report provides a correct and faithful record of the

results obtained.

Le £

Stuart M. Denton, B.Sc.,
Study Director,
Department of Industrial Toxicology.
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: SUMMARY

A study was performed to assess the acute oral toxicity of 20555 to the rat. The method followed
was that described in EEC Methods for the determination of toxicity, Directive 84/449/EEC (OJ No.
L251, 19.9.84), Part B, Method B.1. Acute toxicity (oral).

A group of ten fasted rats (five males and five females) was given a single dose by gavage of the test
substance, formulated in | % w/v aqueous methyiceilulose, at a dose level of 5.0 g/kg bodyweight.
All animals were killed and examined macroscopically on Day 15, the end of the observation period.

There were no deaths. Clinical signs of reaction to treatment were limited to pilo-erection, recovery
was complete by Day 2.

All rats achieved anticipated bodyweight gains throughout the study.

No abnormalities were recorded at the macroscopic examination on Day 15.

The acute lethal oral dose to rats of 20555 was found to be greater than 5.0 g/kg bodyweight.
20555 does not require labelling with the risk phrases R22 "Harmful if swallowed" in accordance with

Council Directive 79/831/EEC Annex VI, Part II(D) as described in Commission Directive
91/325/EEC.
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) INTRODUCTION

The study was designed to assess the toxicity of 20555 following a single oral dose to the rat. The
rats were dosed by oral gavage as the test substance may be ingested accidentally.

The study was conducted in compliance with EEC Methods for the determination of toxicity,
Directive 84/449/EEC (OJ No. L251, 19.9.84), Part B, Method B.1. Acute toxicity (oral).

The rat was chosen as it has been shown to be a suitable model for this type of study and is the
animal recommended in the test guideline.

The dose level for the study was chosen in compliance with the guideline.

The protocol was approved by the Study Director and HRC Management on 3 November 1992 and
by the Sponsor on 9 November 1992.

The experimental phase of the study was undertaken between 13 and 27 November 1992.
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2 June 1993
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White crystalline powder

Room temperature in the dark
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¢ EXPERIMENTAL PROCEDURE

ANIMAL MANAGEMENT

Equal numbers of heaithy male and female CD rats of Sprague-Dawiey origin (Hsd/Ola:Sprague-
Dawley(CD)) were obtained from Harlan Olac Ltd., Bicester, Oxon, England.

They were in the weight range of 114 to 133 g and approximately four to seven weeks of age prior
to dosing (Day 1). All the rats were acclimatised to the experimental environment for a period of
fifteen days prior to the start of the study.

The rats were allocated without conscious bias to cages within the treatment group . They were
housed in groups of five rats of the same sex in metal cages with wire mesh floors in Buiiding R14
Room 6.

A standard laboratory rodent diet (Biosure LAD 1) and drinking water were provided ad libitum.
Access to food only was prevented overnight prior to and approximately 4 hours after dosing.

The batch(es) of diet used for the study was analysed for certain nutrients, possible contaminants and
micro-organisms (Appendix 1). -

Results of routine physical and chemical examination of drinking water at source, as conducted,
usually weekly by the supplier, are made available to Huntingdon Research Centre Ltd. (as quarterly
summaries (Appendix 2)).

The mean daily minimum and maximum temperatures of the animal room were 20°C and 22°C
respectively and the mean daily relative humidity value was 48% R.H. Air exchange was maintained
at 10 to 15 air changes per hour and lighting was controlled by means of a time switch to provide 12
hours of artificial light (0700 - 1900 hours) in each 24-hour period.

Each animal was identified by cage number and ear punching. Each cage was identified by a

coloured label displaying the dose level, study schedule number, animal mark and the initials of the
Study Director and Home Office licensee.

TEST SUBSTANCE PREPARATION

20555 was prepared at a concentration of 50% w/v in 1% w/v aqueous methylceilulose and
administered at a volume of 10 mi/kg bodyweight.

The test substance was prepared on the day of dosing.
The absorption of the test substance was not determined.

The homogeneity, stability and purity of the test substance were the responsibility of the Sponsor.
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TREATMENT PROCEDURE
A group of ten rats (five maies and five females) was treated at 5.0 g/kg bodyweight.
Control animals

No control animals were included in this study.

ADMINISTRATION OF TEST SUBSTANCE

The appropriate dose volume of the test substance was administered to each rat by oral gavage using
a syringe and plastic catheter (10 choke).

The day of dosing was designated Day 1.

.OBSERVATIONS

Mortality .
Cages of rats were checked at least twice daily for any mortalities.

Clinical signs

Animals were observed soon after dosing and at frequent intervals for the remainder of Day | (a
period of five hours). On subsequent days animals were observed once in the morning and again at
the end of the experimental day. This latter observation was at approximately 16.30 hours on week
days or 11.30 hours on Saturdays, Sundays and public holidays. The nature and severity of the
clinical signs and time were recorded at each observation.

All animals were observed for 14 days after dosing.

Bodyweight

The bodyweight of each rat was recorded on Days | (prior to dosing), 8 and 15. Individual weekly
bodyweight changes were calcuiated.

TERMINAL STUDIES

Termination

All animals were killed on Day 15 by cervical dislocation.

10
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Macroscopic pathology !

All animals were subjected to a macroscopic examination which consisted of opening the abdominal
and thoracic cavities. The macroscopic appearance of all tissues was recorded.

ARCHIVES

All raw data and other documents generated at HRC during the course of this study, together with
a copy of this Final Report, have been lodged in the Huntingdon Research Centre Ltd. Archives,
Huntingdon, England.

11
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RESULTS

MORTALITY

There were no deaths following a single oral dose of 20555 at 5.0 g/kg bodyweight.

CLINICAL SIGNS (Table 1)

Pilo-erection was observed in all rats within five minutes of dosing and throughout the remainder of
Day |. There were no other clinical signs and recovery, as judged by external appearance and
behaviour, was complete by Day 2.

BODYWEIGHT (Tabies 2 and 3)

All rats achieved anticipated bodyweight gains throughout the study. .

MACROSCOPIC EXAMINATION

No macroscopic abnormalities were observed for animals killed on Day 15.

CONCLUSION

The acute lethal oral dose to rats of 20555 was found to be greater than 5.0 g/kg bodyweight.

.«
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TABLE 1
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Signs of reaction to treatment observed in rats dosed orally with 20555

Signs

No. of rats in group of
showing signs

Dose (g/kg)

5.0

Pilo-erection

13 :




TABLE 2
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Individual bodyweights (g) of rats dosed orally with 20555

Dose Animal Bodyweight (g) at
Sex number
1 RP 131 193 248
2 LP 127 198 248
3 5.0 3 RPLP 133 219 286
4 RIRO 129 202 257
s LILO 128 203 255
6 RP 122 169 188
7 LP 118 164 190
? 5.0 8 RPLP 119 162 178
9 RIRO 114 157 183
10 LILO 117 156 173

TABLE 3

Individual bodyweight changes (g) of rats dosed orally with 20555

5 Animal Bodyweight gains
Sex (g/c:cs:) number () at

& ear mark Week |  Week 2

1 RP 62 55

2 LP 1 50

3 5.0 3 RPLP 86 67

4 RIRO 73 55

5 LILO 75 52

6 RP 47 19

7 LP 46 26

Q 5.0 8 RPLP 43 16

9 RIRO 43 26

10 LILO 39 17

14
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: APPENDIX
Biosure Laboratory Animal Diet No. 1
Composition and quality assurance aspects of diet
Biosure LAD is a fixed formuia diet suitable for normal health, growth and reproduction of laboratory
cats and mice. Each batch of diet is analysed for nutrients, possible contaminants and
micro-organisms, likely to be present in the diet, and which, if in excess, may have an undesirable
effect on the test system.
Prior to release of diet for use HRC Quality Assurance Department checks each certificate of analysis

for conformity with the specification detailed below. Occasional slight deviations to this specification
may be permitted.

Nutrieats Target level Tolerance % Acceptable range
Moisture 9.5 +10 10.5 % max
Crude fat 3.7 +15 3.1 - 43 %
Crude protein 21.5 +10 194 - 237 %

. Crude fibre 2.0 +40 12 - 28 %
Ash 5.5 +15 47 - 63 %
Calcium 1.0 +20 0.8 - 1.2 %
Phosphorus 0.9 +20 07 - 1.1 %
Sodium 0.3 +100-50 0.15 - 060 %
Chioride 0.5 +100-50 025 - 10 %
Potassium 0.8 +100-50 04 - 16 %
Magnesium 0.15 +50 008 - 023 %
[ron 220 +50 1100 - 330 mg/kg
Copper 15 +50 80 - 23 mg/kg
Manganese 70 +50 350 - 105 mg/kg
Zinc 60 +50 30,0 - 90 mg/kg
Vitamin A 12 +50-20 95 - 18 u/g
Vitamin E 35 +150-20 28 - 88 mg/kg
Contaminants Maximum concentration
Fluoride 40 mglkg
Nitrate (as NaNO,) 200 mg/kg
Nitrite (as NaNO,) 10 mg/kg
Lead 2.5 mg/kg
Arsenic 1.5 mg/kg
Cadmium 0.5 mg/kg
Mercury 0.1 mg/kg
Selenium 0.6 mg/kg
Total Aflatoxins 5 mcg/kg
Total P.C.B. 50 mcg/kg
Total D.D.T. 150 mcg/kg
Dieidrin 50 mcg/kg
Lindane 150 mcg/kg
Heptachlor 50 mcg/kg
Malathion 5000 mcg/kg
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‘ APPENDIX 1
(continued)
Microbiological contents Maximum concentration
LAD 1 (nuts)
Total viable organisms 10,000 per g diet
Mesophilic spores 30,000 per g diet
Salmonellae species 0 per g diet
Presumptive Escherichia coli 0 per g diet
E. coli type | 0 per g diet
Fungal units 1,000 per g diet
Antibiotic activity 0 per g diet

16 :
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APPENDIX 2

%

Quality assurance aspects of drinking water

The water supplied to HRC, by Anglian Water, is potable water for human consumption. Anglian
Water takes its guidelines on water quality from the EEC directive relating to water for human
consumption, viz: Council Directive 80/778/EEC.

Results of routine physical and chemical examination of drinking water at source as conducted,
usually weekly by the supplier, are made available to HRC as quarterly summaries.

These results inciude levels of:

Nitrites Potassium Chloride
Nitrates Silicon [ron
Calcium Arsenic Selenium
Magnesium Barium Silver
Sodium Antimony Phosphorus

as well as concentrations of pesticides, related products, polycyclic aromatic hydrocarbons, haloforms;
chlorophenois and polychlorinated biphenyis. .

-

17
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SUMMARY

This study was performed to assess the systemic toxicity of 20555 to the rat. The method followed
was that outlined in:

Joint directive of the Japanese Environmental Protection Agency and the Ministries of Health
and Welfare and International Trade and Industry, 5 December 1986.

EEC Methods for the determination of toxicity, Directive 84/449/EEC(OJ No. L251, 19.9.84),
Part B, Method B.7. Sub-acute toxicity (oral).

OECD Guideline for Testing of Chemicals No. 407, "Repeated Dose OralToxicity - Rodent:
28-day or 14-day study”. Adopted: 12 May 1981.

20555 was administered by oral 8avage, once daily, to groups of at least five male and five female
rats for a minimum of twenty-eight consecutive days, at fixed dosage levels of 10, 100 and
1000 mg/kg/day. The test material was prepared as suspensions in 0.1 % w/v aqueous methylcellulose
at concentrations of 0.1, 1.0 and 10% w/v. Control animals received the vehicle alone. ‘

All rats of Groups 2 and 3 (10 and 100 mg/kg/day respectively) and five males and five females from
each of Groups | and 4 (Control and 1000 mg/kg/day respectively) were killed following the four-
week treatment period (Day 32). The remaining animals (five males and five females from Groups
1 and 4) were retained for a minimum two-week recovery period, following which they were also
killed (Day 46).

Bodyweights, food consumption and clinical observations were recorded during the study. Blood and
urine samples were taken from ail rats shortly prior to termination following the four-week treatment
and two-week recovery periods. All animals were killed and subsequently examined macroscopically;
specified tissues were then prepared for histological examination.

There were no changes seen in the parameters measured in this study, namely clinical signs,

bodyweight gains, food consumption, clinical pathology, organ weight analysis, macroscopic or
microscopic pathology, that were considered to be related to treatment with 20555.

Coaclusion

Based on the results of this study, it was concluded that 1000 mg/kg/day represents the no-observed
effect level (NOEL) for 20555 in the rat.
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i INTRODUCTION

The study was designed to assess the systemic toxicity to the rat of 20555, lot number 92091 t, an
industrial intermediate, when repeatedly administered orally for a period of at least 28 consecutive
days. Additional animals from the control and high dosage groups were retained for a 2-week post
treatment observation period.

The procedure used is described in this report. The procedure complied with that described in:

Joint directive of the Japanese Environmental Protection Agency and the Ministries of Health
and Weifare and International Trade and Industry, 5 December 1986.

EEC Methods for the determination of toxicity, Directive 84/449/EEC(OJ No. L251, 19.9.84),
Part B, Method B.7. Sub-acute toxicity (oral).

OECD Guideline for Testing of Chemicals No. 407, "Repeated Dose Oral Toxicity - Rodent:

28-day or 14-day study". Adopted: 12 May 1981. .
The albino rat was chosen as the test species as it has been shown to be a suitable model for this type
of study and is the species recommended in the test guidelines. :

-

The rats were dosed orally as the test substance may be ingested accidentally.

Dosages of 0, 10, 100 and 1000 mg/kg/day were selected on the basis of availabie toxicity
information, in particular rat acute toxicity data (LD, (rat) >5 g/kg bodyweight; HRC Report No.:
921037D/FIX 183/AC] and a 7-day preliminary oral toxicity study [HRC Report
No.: 921080D/FIX 184/ST] conducted at HRC.

The study protocol was approved by the Study Director and HRC Management on 23 December 1992
and by the Sponsor on 6 January 1993.

The experimental phase of the study was conducted between 19 January 1993 and 16 April 1993.

10 :
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Alternative name:

Chemical name:

Lot number:

Expiry:

Purity:

Appearance:

Storage conditions:

Date received:

TEST SUBSTANCE

20555

Tri-p-tolyamine

Tri(4-methylphenyl)amine

920911

2 June 1993

>99.9%

White crystalline powder

Room temperature in the dark

7 October 1992

11

FIX 185/930730



FIX 185/930730
. EXPERIMENTAL PROCEDURE

ANIMAL MANAGEMENT

A total of 33 male and 33 female healthy CD rats of Sprague-Dawley origin (Crl: CD® BR VAF
PLUS™), were received from Charles River (UK) Ltd., Margate, Kent, England on 6 January 1993.

The rats were 28 + 1| days old, in a weight range of 67 to 94 g on arrival. A thirteen-day
acclimatisation period was allowed between delivery of the animals and start of treatment.

All rats were initially caged, as far as possible, in groups of five according to sex in metal cages with
wire mesh floors.

A standard laboratory rodent diet (Special Diet Services Rat and Mouse Maintenance Diet) and
drinking water were provided ad libitum, except as noted under CLINICAL PATHOLOGY.

The batches of diet used for this study had been analysed for nutrients, possible contaminants and
micro-organisms (Appendix 11).

Results of the routine physical and chemical examination of drinking water at source, as conducted
usually weekly by the supplier, are made available to Huntingdon Research Centre Ltd. as quarterly
summaries (Appendix 12).

The rats were housed in Building R17, Room 2. Animal room temperature was controlled in the
range 18 to 21°C and relative humidity was generally controlled in the range 40 to 59% RH although
slightly low humidity values (<30%) were recorded between Day 24 and Day 30 of the treatment
period. These low values were not considered to have affected the integrity of the study. These
parameters were continuously monitored using a Kent Clearspan M105 7-day chart recorder. Air
exchange was maintained at approximately 19 air changes per hour and lighting was controlled to
provide 12 hours artificial light (0700 - 1900 hours) in each 24-hour period.

The health status of all animals was monitored, by daily observation throughout the acclimatisation
period, to ensure that the rats selected for final assignment to the study were satisfactory.

Four days before the start of treatment, each animal was weighed and sixty rats were randomly
allocated to four groups, two groups consisting of ten males and ten females and two groups
consisting of five males and five females. This allocation was carried out using a computer program,
so that the weight distribution within each group was similar and the initial group mean bodyweights
were approximately equalised.

Each rat was identified within each cage by ear-punch and individually by tail mark (tattoo).

Following the commencement of treatment, spare animals were removed from the study. No further
investigations were performed on these animals.

12
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The cages (each containing five rats) constituting each group were distributed in batteries in such a
manner that possible environmental influences arising from their spatial distribution were equilibrated,
as far as possible, for all treatments (Figure 1).

Each cage was identified by a coloured label according to group. Each label displayed the study
schedule number, cage number, sex, individual animal numbers and the initials of the Study Director
and Home Office Licensees.

TEST SUBSTANCE PREPARATION

A 10% w/v suspension of 20555 was prepared freshly each day by grinding the test substance in a
mortar with a small amount of 1% w/v aqueous methylcellulose (1% MC) until a smooth paste was
formed. The formulation was then gradually made up to volume and mixed using a high shear
homogeniser. Further concentrations (1.0% and 0.1% w/v) were prepared daily by direct dilution
of the test substance.

The chemical stability and homogeneity of test substance formulations in 1 % MC were assessed prior

to the start of treatment by HRC Department of Analytical Chemistry and were found to be
satisfactory (Appendix 13). .

Concentration analyses of formulations prepared for administration on Days 1 and 22 were also
performed by HRC Department of Analytical Chemistry. An additional sample of the high dose
formulation (10% w/v) was taken on Day 24 due to an analytical problem with the Day 22 sample.
Results of these analyses are presented in Appendix 13.

The absorption of the test substance was not determined in this study.

Data concerning the analytical purity and homogeneity of the test substance and its stability under the
specified conditions of storage are the responsibility of the Sponsor.

TREATMENT PROCEDURE

Dosages were selected on the basis of available toxicity data and a preliminary oral toxicity
investigation performed at this laboratory (HRC Report No.: 921080D/FIX 184/ST).

Groups of rats were dosed as follows:

Group Cage label/ Treatment Dosages Number of Rat numbers
colour code (mg/kg/day) rats
3 ? 3 ?
1 White Control,

1% MC - 10 10 1-10 3140
2 Yellow 20555 10 5 5 11-15 4145
Green 20555 100 5 5 16-20 46-50
4 Red 20555 1000 10 10 21-30 51-60

13 :
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The test substance was adm‘inistered by oral gavage to rats of Groups 2 to 4 inclusive, using a syringe
and rubber catheter, at a dose volume of 10 mi/kg/day.

Control animals received the vehicle alone at the same dose volume.
Each animal received a constant dosage based on its most recently recorded bodyweight.

Animals were treated once daily for at least twenty-eight consecutive days. The last day of dosing
was 18 February 1993.

Prior to dosing, the test substance formulations were mixed by inversion (x 20) and subsequently
mixed using a magnetic stirrer for a period of at least ten minutes before dosing commenced. Dosing
was completed within one hour of the commencement of stirring.

Shortly following the 4-week treatment period, five male and five female animals from Groups ! and
4 (lowest animal numbers were selected) and all animals of Groups 2 and 3 were killed on Day 32
(post treatment sacrifice). These rats were dosed until the day prior to sacrifice.

The remaining animals of Groups 1 and 4 were retained for a 2-week post treatment observation
period and were killed on Day 46 (recovery sacrifice); these rats received their last dose on Day 28.

OBSERVATIONS
Clinical signs

All animals were observed daily for signs of ill health, behavioural changes or toxicosis. Any
observed changes were recorded.

All animals were checked early in each working day and again in the late afternoon to look for dead
or moribund animals. On Saturdays and Sundays, a similar procedure was followed except that the
final check was carried out at approximately mid-day. Animals were isolated if the signs or
behavioural changes warranted such an action.

Bodyweight

All rats were weighed prior to dosing on Day 1 (Week 0) and subsequently at weekly intervals
throughout the study.

Food consumption

The quantity of food consumed in each cage was measured at weekly intervals throughout the study.
Water consumption

Daily monitoring by visual appraisal was maintained throughout the dosing period.
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CLINICAL PATHOLOGY

Removal of blood samples

Food and water were withdrawn overnight prior to collection of samples. Overnight urine samples
were collected and blood was withdrawn under light ether anaesthesia from the orbital sinus of the
five male and five female rats selected from Groups 1 and 4 (see under TREATMENT
PROCEDURE) and all rats of Groups 2 and 3. These samples were collected shortly after 4 weeks
of treatment (Day 30).

Investigations were also carried out for remaining rats after the 2-week recovery period (Day 44), for
all individual parameters significantly affected at Day 30. The blood sampling procedure in this
instance was similar to that carried out on Day 30.

The collected blood samples were divided into tubes as follows:

EDTA anticoagulant tubes . . . ... .. ... for haematological investigations
Citrate anticoagulant tubes . . . ... ... .. for coagulation test
Heparin anticoagulant microtainer tubes* . . for biochemical tests. :

* Microtainer, brand plasma separator tube, Becton Dickinson, Rutherford, New Jersey, U.S.A.;

-

All the tubes were then mechanically agitated for at least five minutes and the microtainer tubes were
subsequently centrifuged for a minimum period of two minutes (3000 ‘g’).

The estimations performed have been listed below, together with an abbreviated title (for use in
Tables and Appendices), the methods and the units of measurement applicable:

Haematology

The following parameters were analysed with an Ortho ELT-1500 Analyser, using standard Ortho
methodology:

Units

Packed cell volume (PCV) %
Haemoglobin (Hb) g/dl
Red blood cell count (RBC) x10*mm’
Absolute indices:

Mean corpuscular haemogiobin concentration MCHO)

Calculated: Hb (g/dl) x 100 + PCV (%) %

Mean corpuscular volume (MCV)

Calculated: PCV (%) x 10 + RBC (x10%mm?) fl
Platelet count (Plts) x10>/mm?
Total white blood cell count (WBC) x10*/mm?

15 :
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Units
The following estimations were measured using the appropriate methodology:‘
Thrombotest (TT) - Method of Owren, P.A. (Lancet, 1959, ii, 754) s
Differential white blood cell count (Diff) - namely:
Neutrophils N)
Lymphocytes L)
Eosinophils (E) x10*/mm?
Basophils (B)
Monocytes ™)
The percentage distribution of each cell type was determined
by standard microscopy of a blood smear stained with modified
Wright’s stain counting 100 cells. Percentage values were then
converted to absolute values by computer, inevitably involving a
"rounding off” in a proportion of the results. Hence, the
measured total WBC may differ slightly from the calcuiated total ;
for the differential count. .
Additionally blood film slides were examined for morphological 3
abnormalities (see below). The results of this examination are
included in the haematology appendix.
P Polychromasia
H Hypochromasia
A Anisocytosis
R Rouleaux formation
S Separate film report (generated for additional abnormalities)
NAD  No abnormality detected
1 Slight
2 Moderate
3 Marked
4 Gross
Biochemistry
The following parameters were analysed with a Hitachi 737
Clinical Chemistry Analyser:
Glucose - using BCL Test Kit (hexokinase mediated) mg/dl
Total protein g/dl
Albumin (Alb) g/dl
Globulin (Glob)
Calculated: Total protein (g/dl) minus Alb (g/dl) g/dl

16 :



FIX 185/930730

. Units
Albumin/Globulin ratio (A/G)
Calculated from Total protein and Albumin concentrations
Urea nitrogen (Urea Nitr) mg/dl
Creatinine mg/dl
Alkaline phosphatase (AP) - reaction temperature 30°C mU/mi
Glutamic-pyruvic transaminase (GPT), also known as
‘alanine aminotransferase (ALT)’ - using BCL Test Kit,
reaction temperature 30°C mU/ml
Glutamic-oxaloacetic transaminase (GOT), also known as
‘aspartate aminotransferase (AST)’ - using BCL Test Kit,
reaction temperature 30°C mU/ml
Gamma-glutamylitransferase (yGT) - using
BCL Test Kit, reaction temperature 30°C mU/mi
Total bilirubin (Bilirubin) mg/cil
Sodium (Na) mEgq/1
Potassium (K) mEq/1
Calcium (Ca) mEq/}
Chloride (Cl) mEqg/1
I[norganic phosphorus (P) mEq/l
Cholesterol (Chol) mg/dl
The following parameter was analysed with a Roche Cobas Centrifugal Analyser:
Triglycerides (Tri-glyc) - using BCL Test Kit mg/dl
Urinalysis
The following estimations were measured using the appropriate methodology:
Volume (Vol) mi

pH - using pH meter

17 :



FIX 185/930730
Units

Specific Gravity (SG) - using Atago UR-| Refractometer,
sample compared with water (nominal value of 1000)

Protein - using Roche Cobas Centrifugal Analyser,
utilising modified method of Macart, M. and Gerbaut, L.
(Clin. Chim. Acta, 1984, 141, 77) mg/dl

The following tests were also performed using qualitative indicators (+) of analyte concentration:

Total reducing substances (TRS)
Glucose

Ketones

Bile pigments

Urobilinogen

Haem pigments*

+ Clinitest (total reducing substances) and Multistix (remaining parameters) are diagnostic reagents
obtained from Ames Company, Stoke Poges, Berkshire, England. .

t

* Positive or negative finding only

Results have been reported according to the following convention: ’

0 Negative

tr ‘Trace’ of analyte

+ ‘Small amount’ of analyte
++ ‘Moderate amount’ of analyte

+++ ‘Large amount’ of analyte

Microscopic examination of urine samples was carried out by centrifuging samples at approximately
1500 ‘g’ for 10 minutes and spreading the resulting deposit on a microscope slide. The deposit was
examined for the presence of the following:

Epithelial cells (E)
Polymorphonuciear leucocytes (P)
Mononuclear leucocytes M)

Erythrocytes R)
Organisms (0))
Renal tubule casts (8]
Sperm (SP)

Other abnormal constituents (A)

The frequency of the above parameters in the centrifugal deposit was as follows:

0 None found in any field examined
1 Few in some fields examined

2 Few in all fields examined

3 Many in all fields examined
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TERMINAL STUDIES

Termination

Following 4 weeks of treatment and clinical pathology investigations, animals selected for post
treatment sacrifice (see under TREATMENT PROCEDURE) were killed on Day 32 by carbon
dioxide asphyxiation and a complete autopsy undertaken. The order of sacrifice was determined using
a pre-set cage sequence. Specified organs were weighed and relevant tissue samples were fixed for
microscopic examination.

Remaining rats of Groups 1 and 4 were killed and examined in a similar manner on Day 46,
following a 2-week post treatment observation period (recovery sacrifice).

Organ weight

The following organs from each animal killed after four or six weeks were dissected free of fat and
weighed:

adrenals ovaries '
brain spleen .
kidneys testes (with epididymides) 3 )
liver

19
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The macroscopic appearance of the tissues of all rats was recorded and samﬁles of the following
tissues were preserved in 10% buffered formalin:

adrenals* &\

aorta

brain (medullary, cerebellar
and cortical sections)

caecum

colon

duodenum

eyes (Davidson’s fluid as

fixative)

femur (for bone and marrow
sections) with joint

Harderian giand

head (to preserve nasal
cavity, paranasal
sinuses, oral cavity,
nasopharynx, middle ear,
teeth, lachrymal gland and
Zymbal’s gland)

heart*

ileum

jejunum

kidneys*

larynx

liver*

lungs

lymph nodes (cervical and
mesenteric)

mammary glands

oesophagus

ovaries

pancreas

pharynx

pituitary

prostate

rectum

salivary gland

sciatic nerve

seminal vesicles

skeletal muscle

skin

spinal cord (cervical level)
spleen*

sternum

stomach

testes (including epididymis)*
thymus (where present)
thyroid (with parathyroid)
tongue

trachea

urinary bladder

uterus (with cervix)
vagina

any macroscopically abnormal
tissue* .

* Tissues required for histopathological examination for rats from Groups 1 and 4

Microscopic pathology

Fixed tissue samples required for microscopic examination were prepared by embedding in paraffin
wax (m.p. 56°C); sections were thea cut at 4 um and stained with haematoxylin and eosin.

Microscopic examination of prepared slides (from tissues indicated under Macroscopic pathology) was
carried out for all rats of Group 1 (Control group) and Group 4 (high dosage group) killed on Day 32

(19 February 1993).

Microscopic examinations were completed on 16 April 1993.

: 20
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STATISTICAL ANALYSES

All statistical analyses were carried out separately for males and females using the individual animal
as the basic experimental unit.

The following sequence of statistical tests was used for bodyweight gains, food consumption (using
weekly cage totals), clinical pathology and organ weight data:

If the data consisted predominantly of one particular value (relative frequency of the mode
exceeds 75%), the proportion of values different from the mode was analysed by Fisher’s exact
test (1) followed by Mantel’s test for a trend in proportions (2). Otherwise:

Bartlett’s test (3) was applied to test for heterogeneity of variance between treatments. If
significant heterogeneity was found at the 1% level, a logarithmic transformation was tried to
see if a more stable variance structure could be obtained.

If no significant heterogeneity was detected (or if a satisfactory transformation was found), a
one-way analysis of variance was carried out followed by Student’s ‘t’ test and Williams’ test
(5) for a dose-related response (although only the one thought more appropriate for the
response pattern observed was reported). :
If significant heterogeneity of variance was present and could not be removed by a logarithmic
transformation, the Kruskal-Wallis analysis of ranks (4) was used. This analysis was followed
by the non-parametric equivalent of the ‘t’ test and Williams® test (Shirley’s test, (6)).

Covariate analysis of organ weight data (with final bodyweight as covariate), was also performed
using adjusted weights for organs where a correlation between organ weight and bodyweight was
established at the 10% level of significance (7).

Significant differences between control animals and those treated with the test substance have been
expressed at the 5% (+ P <0.05 for ‘t’ test analysis or * P <0.05 for Williams’ test analysis) or 1%
(++ P<0.01 for ‘t’ test analysis or ** P<0.01 for Williams’ test analysis) level.
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PROCEDURES

i

The procedures used during the study were those documented in HRC Procedure Manuals.

ARCHIVES

All specimens, raw data and study related documents generated during the course of the study at
HRC, together with a copy of the final report, are lodged in the Huntingdon Research Centre Ltd.
Archive.

Such specimens and records will be retained for a minimum period of five years from the date of
issue of the final report. At the end of the five-year retention period the client will be contacted and
advice sought on the future requirements. Under no circumstances will any item be discarded without
the client’s knowledge.

: 22
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' RESULTS

OBSERVATIONS
Clinical signs
There were no mortalities.

No clinical signs were seen for treated or control animals during the treatment or recovery periods.

Bodyweight (Figure 2, Table 1, Appendix 1)

Group mean bodyweights and cumulative bodyweight gains for treated animals were comparable to
those of control animals throughout the treatment and recovery periods.

Food consumption (Figure 3, Table 2, Appendix 2) :
- No notable differences in weekly food consumption or cumulative consumption values were recorded
for treated rats of either sex relative to controls throughout the treatment or recovery periods. )

CLINICAL PATHOLOGY
Haematology (Tables 3 and 4, Appendices 3 and 4)

Week 5

Statistically significantly lower (P <0.05) neutrophil, lymphocyte and total white blood cell
counts were recorded for all male groups receiving 20555 whilst statistically significantly higher
(P<0.01 or P<0.05) lymphocyte and total white blood cell counts were recorded for females
receiving 1000 mg/kg/day relative to controls. These differences were not dosage-related and
there was considerable variation between individual values. The variations in white blood cell
counts for both sexes were therefore considered to have arisen by chance.

The group mean value for mean corpuscular volume (MCV) was statistically significantly
higher (P<0.05) for males treated at 1000 mg/kg/day than for controls. However, the
magnitude of this difference from controls was minor and individual values overlapped between
the groups, and considering that the packed cell volume and red blood cell count remained
unaffected the difference was not considered to be treatment-related.

No other statistically significant differences between treated and control rats were recorded
during the treatment period.

23
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Week 7

i
The parameters examined at Week 7 as a consequence of statistical change at Week 5 showed
no significant difference from control.

The occurrence of slight polychromasia and/or anisocytosis is not uncommon among young laboratory
rats and at the incidence seen in this study (14/60 rats) was not considered to be related to treatment
with 20555.

Biochemistry (Tables 5 and 6, Appendices 5 and 6)
Week 5

Creatinine levels were statistically significantly lower (P<0.01) for males treated at
1000 mg/kg/day in comparison with controls. Statistically significantly higher (P<0.0D)
sodium ion levels were recorded for all male groups receiving 20555 relative to controls.
Individual values for these parameters overlapped between the groups and the minor differences
were not believed to be related to treatment with 20555.

No other statistically significant differences between treated and control rats were recorded
during the treatment period. .

-

Week 7

Parameters examined at Week 7 as a consequence of statistical change at Week 5 showed no
significant difference from control.

Urinalysis (Table 7, Appendix 7)
Week 5

No statistically significant differences between treated and control rats were found following
the treatment period.

D24 .
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TERMINAL STUDIES
Organ weights (Tables 8 and 9, Appendices 8 and 9)
Week 5
Adjusted mean kidney weights were statistically significantly lower (P>0.01 or P>0.05) for
all male groups treated with 20555 in comparison with controls. -Individual values overiapped
between groups and the differences from control were not dosage-related and there was no
corroborative pathological change. Therefore, this finding was not considered to be attributable
to treatment with 20555.
No other statistically significant differences were recorded between treated and control animals
following the treatment period.

Week 7

No significant differences between previously-treated and control rats were found following the
recovery period. .

-

Macroscopic pathology (Tables 10 and 11, Appendix 10)

The macroscopic examinations performed at termination and following the recovery period revealed
no changes attributable to treatment with 20555.

Microscopic pathology (Table 12, Appendix 10)

The following comments are made in summary:

No treatment-related changes were observed.

Histopathological findings observed only in male rats of 1000 mg/kg/day dose group included:

Kidneys: Focal unilateral medullary necrosis and a focus of cystic medullary tubule(s)
containing necrotic detritus in 1 of 5 male rats.

Adrenal: Unilateral, minimal, focal cortical hyperplasia in 1 of 5 male rats.
Testes: Bilateral, minimal, focal reduced spermatogenesis in | of 5 male rats.

In view of the low incidence and focal nature of these lesions, they were considered spontaneous in
origin and, therefore, unrelated to treatment.

All other histopathological findings were considered of no toxicological importance.
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DISCUSSION AND CONCLUSION

In this subacute toxicity study in the rat with 20555, no treatment-related changes were seen in any
of the parameters measured within the treatment period, at post mortem or during microscopic
examination of any dosage group.

Therefore, based on the results of this study, it was concluded that 1000 mg/kg/day represents the
no-observed effect level (NOEL) for 20555 in the rat. )

: 26
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' FIGURE 1

Group and cage arrangement in batteries

Group Cage label/ Treatment Dosages Number of Rat numbers
colour code (mg/kg/day) rats
3 Q 3 Q
1 White Control,
1% MC - 10 10 1-10 3140
2 Yellow 20555 10 5 5 11-15 4145
Green 20555 100 5 5 1620 46-50
4 Red 20555 1000 10 10 21-30 51-60
Group arrangement )
3 Q
1 1
4 3
4 1 4
Cage arrangement
3 ?
1 3 7 9
10 11
2 12 8
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TABLE 1

Bodyweights - group mean values (g)

Group and dosage (mg/kg/day)
Week
14 24 3d 44 12 29 3Q 42
Control 20555 20555 20555 Control 20555 20555 205SS
1% MC 10 100 1000 1% MC 10 100 1000
Dosing
0 Mean 184 184 184 185 162 158 160 161
SD 10.3 10.8 5.2 12.1 7.4 6.8 5.7 7.1
1 Mean 245 241 242 247 190 184 187 185
SD 13.7 20.1 9.4 18.4 10.1 11.5 8.3 8.5
2 Mean 303 297 300 306 214 203 208 207
SD 19.4  28.7 16.8 25.4 11.5 11.1 10.6 12.4
3 Mean 350 347 348 353 231 225 230 227
SD 24.7 41.4 20.6 33.8 14.8 11.2 15.1 16.2 ;
4 Mean 386 386 392 394 251 239 247 242 |
SD 28.2  53.7 23.6 41.5 17.0 9.4 14.7 18.2 |.
Cumulative gains i
Week 0-4 202 202 208 209 89 81 87 81
% control - 100 103 103 - 91 98 91
value
Withdrawal
4 Mean 375 401 253 237
SD 29.9 28.2 20.9 21.5
5 Mean 407 437 268 255
SD 33.9 35.4 22.7 26.8
6 Mean 433 466 277 259
SD 38.8 43.6 25.0 26.1
Cumulative gains
Week 4-6 58 65 24 22
% control - 112 - 92
value
SD Standard deviation

Blank Non-significant
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) TABLE 2

Food consumption - group mean values (g/rat/week)

Group and dosage (mg/kg/day)
Week
idé 28 348 44 19 29 39 49
Control 20555 20555 20555 Control 20555 20555 20555
1% MC 10 100 1000 1% MC 10 100 1000
Dosing ’
1 207 199 204 218 149 138 142 143
2 219 211 213 224 154 143 146 147
3 225 226 223 232 153 147 151 153
4 235 234 238 246 165 151 166 162
Cumulative 886 870 878 920 621 579 605 605
values
Week | - 4
% control - 98 99 104 - 93 97 97 :
value )
Withdrawal .
5 226 242 171 164
6 227 239 185 159
Cumulative
values 688 731 525 486
Week 5 and 6
% control - 106 - 93
value
Blank Non-significant
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TABLE 3

Haematology - group mean values

Week 5 (17 February 1993)

Group/ PCV Hb  RBC MCHC McCV WBC + Diff x10%mm® Plits TT
dosage x10% x10%
mg/kg/day % g/dl mm’ % fl Total N L E B M mm®
18 LT F K
Control Mean| 56 16.0 7.3 28.6 77 l1.6 2,12 9.32 0.08 0.00 4 942 23
1% MC SD 1.2 0.32 0.31 1.0l 1.5 1.95 0.80 1.68 0.12 0.00 0.10 51.7 1.0
zd = E =
20555 Mean| 55 159 7.0 29.0 78 7.5 0.75 6.72 0.03 0.00 0.00 953 23
10 sD 2.3 0.50 0.37 0.59 .| 1.62 0.07 1.64 0.04 0.00 0.00 56.8 1.1
36 = = =

20555 Mean| 56 16.3 7.1 29.3 78 7.4 .34 6.06 0.0l
100 SD 0.3 0.17 0.05 0.29 1.0 1.33 0.54 1.39 0.03

46 = = = =

. 778 23
.04 3950 0.4

oo
88
oo
o
L)

20555 Mean| 56 16.1 7.1 28.8 79 9.1 1.7 7.22 0.05 0.00 0.02 958 22
1000 SD 2.2 0.41 0.34 0.47 1.1 2.61 0.52 2.26 0.06 0.00 0.04 79.2 1.6
3
19 F .
Control Mean | 55 159 7.0 28.38 79 6.1 1.31  4.76 0.07 0.00 0.00 1066 20
1%*MC SD 3.2 0.90 0.54 0.84 1.6 2.42 0.79 1.94 0.12 0.00 0.00 180.9 0.7 | .

29 -

20555 Mean 55 15.7 7.0 28.38 78 54 032 4.55 0.03 0.00 0.00 1090 20
10 SD 2.1 0.73 0.36 0.42 1.6 1.12 0.13 1.14 0.03 0.00 0.00 160.2 1.2
Qe
20555 Mean 54 154 6.3 28.5 79 6.6 1.19 5.36 0.06 0.00 0.02 1208 20
100 SD 1.4 0.40 0.25 0.29 1.4 1.89 0.55 1.98 0.12 0.00 0.05 251.2 1.]
49 . =
20555 Mean 55 154 7.0 28.2 78 9.5 1.31 7.63 0.04 0.00 0.04 1001 19
1000 SD 0.5 0.32 0.18 0.57 1.9  1.26 0.35 1.02 0.0% 0.00 0.09 125.6 0.4
SD Standard deviation
Blank Non-significant
* P<0.05
haad P<0.01
LT Data log-transformed
K Kruskal-Wallis analysis
F Frequency analysis
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: TABLE 4
Haematology - group mean values

Week 7 (3 March 1993)

Group/ MCV¢ WBC + Diff x10*/mm’
dosage
mg/kg/day fl Total N L
14
Control Mean 74 13.7 1.80 11.75
| % MC SD 2.3 1.69 0.49 1.46
44
20555 Mean 75 6.2 2.52 13.47
1000 SD b1 2.89 1.52 1.94
19
Control Mean - 9.2 - 7.68
1% MC SD 2.12 2.32
49
20555 Mean - 8.7 - 7.59
1000 SD 2.75 2.25

Blank Non-significant

i The packed cell volume (PCV) and red biood cell count (RBC)
were estimated in order to calculate the mean corpuscular
volume (MCV) but have not been reported as no significant
differences from control were seen for either PCV or RBC at
Week 5
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TABLE 5

Biochemistry - group mean values

Week 5 (17 February 1993)

FIX 185/930730

Group/ Glu- Protein g/dl A/G Urea Creat- AP GPT GOT
dosage cose  —mmmm——————— Nitr  inine mU/ mU/ mU/
mg/kg/day mg/dl Total Alb Glob mg/dl mg/dl ml mi mi
14
Controi Mean| 147 6.8 3.0 3.8 0.79 13 0.6 38 29 65
1%MC SD 18.6 0.13 0.120.11 0.05 2.6 ©0.10 30.3 1.1 13.8
23
20555 Mean 129 6.6 2.9 3.6 031 13 0.5 405 33 64
10 sD 17.4 0.32 0.08 0.29 0.07 2.2 0.04 45.7 8.0 16.4
3d
20555 Mean 131 6.5 2.9 3.6 0.80 I3 0.5 407 28 52
100 sD 7.5 035 0.120.25 0.04 1.5 0.04 480 3.5 6.4
46 .
20555 Mean 128 6.6 2.9 3.6 0.81 1] 0.5 379 27 53
1000 sD 11.8 0.30 0.080.25 0.05 1.9 0.04 52.2 59 7.7
lg =8 t-
Control Mean| 130 6.7 3.0 3.7 0.80 13 0.5 207 24 49 ’
1%MC SD 5.1 0.41 0.180.33 0.08 1.9 0.07 36.4 8.4 3.8 R
29 -
20555 Mean| 124 6.7 3.1 3.7 0.84 13 0.5 224 22 47
10 sD 4.3 0.16 0.150.11 0.06 1.8 0.05 62.4 3.1 4.7
3Q
20555 Mean| 127 6.6 2.9 3.7 0.80 14 0.5 205 22 47
100 SD 12.6 0.35 0.170.28 0.07 1.2 0.07 37.3 1.9 9.0
49
20555 Mean| 125 6.6 3.0 3.7 0.81 13 0.5 236 21 48
1000 sD 5.4 0.19 0.1830.29 0.10 2.3 0.04 36.6 4.3 3.7
sD Standard deviation
Blank Non-significant
habd P<0.01
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: TABLE 5
(Biochemistry - continued)

Week 5 (17 February 1993)

Group/ yGT Bili- Na K Ca P Cl Chol Tri-
dosage mU/ rubin mEq/ mEq/ mEq/ mEq/ mEq/ glye
mg/kg/day mi mg/dl | l { i i mgfdl mg/dl
18
Control Mean <l <0.1144 40 54 53 97 70 94
1%MC SD 0.9 0.43 0.08 0.47 0.5 21.9 15.2
24 sx
20555 Mean <l <0.1145 40 54 5.1 98 78 96
10 sD 0.0 0.140.180.46 1.5 6.2 17.3
ié =
20555 Mean <]l <0.1 145 3.9 5.4 5.6 98 70 108
100 sSD 0.4 0.260.130.24 1.2 7.9 35.2
448 =
20555 Mean <l <0.1145 3.8 5.4 5.2 W 80 93
1000 SD 0.7 0.29 0.07 0.39 0.9 11.8 41.6
19
Control Mean <2 <0.1 144 3.7 5.3 4.2 100 77 41
1%MC SD 1.8 0.250.29 0.25 2.5 20.3 13.8
29 ’
20555 Mean <l <0.1 144 3.8 53 3.9 100 82 43
10 sSD 1.8 0.160.230.32 1.5 12.3 10.9
39
20555 Mean <1l <0.1 144 4.1 5.3 4.4 100 82 43
100 SD 2.5 0.670.110.73 2.1 20.4 6.0
49
20555 Mean <2 <0.1 144 3.5 5.3 4.2 100 85 38
1000 sSD 1.8 0.420.170.41 1.1 26.1 6.0
SD Standard deviation
Blank Non-significant
i P<0.01
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TABLE 6

Biochemistry - group mean values

Week 7 (3 March 1993)

Group/ Creat - Na
dosage inine mEq/
mg/kg/day mg/dl |
%)
Control Mean 0.6 144
1% MC SD 0.04 1.3
44
20555 Mean 0.6 144
1000 SD 0.05 1.3
19
Control - -
1% MC
49
20555 - -
1000

SD Standard deviation

Blank Non-significant
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TABLE 7
Urinalysis - group mean values

Week 5 (17 February 1993)

Group/ Vol - pH S5G  Pro-
dosage ume tein
mg/kg/day mi mg/dl
13d LT
Control Mean 7.1 6.6 1036 229
1% MC SD 2.05 0.25 6.3 122.9
248
20555 Mean 8.0 6.6 1035 195
10 SD 2.06 0.05 4.2 114.8
33
20555 Mean 8.5 6.5 1032 173
100 sD 1.66 0.07 1.3 67.4
43 £
20555 Mean 9.4 6.7 1030 134 .
1000 SD 1.97 0.22 3.5 9.7 .
19
Control Mean 4.7 6.5 IOET 81
1% MC SD 1.69 0.30 16.3 20.5
29
20555 Mean 4.8 6.3 1038 75
10 sSD 1.06 0.18 5.2 6.4
39
20555 Mean 4.2 6.5 1042 81
100 SD 0.50 0.15 2.9 12.6
42
20555 Mean 5.3 6.5 1037 87
1000 SD 0.50 0.15 2.9 12.6

SD Standard deviation
Blank  Non-significant
LT Data log-transformed
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Organ weights - group mean values

Week 5 (19 February 1993)

Group/ Body Brain Liver Spleen  Kidneys Adrenals Testes +
dosage wt. ¥ e Epidids
mg/kg/day g g g 8 4 mg 8
18 A A A
Control Mean 397 2.03 21.9 0.82 3.48 56.5 4.37
1% MC SD 25.3 0.08 2.44 0.10 0.37 6.40 0.48
(21.4) (0.81) (3.49)
28
20555 Mean 386 1.95 21.0 0.81 2.97 54.8 4.18
10 SD 54.1 0.10 3.89 0.18 0.30 7.36 0.30
L
(21.3) (0.82) (2.99)
34
20555 Mean 394 1.98 23.4 0.93 3.16 59.6 4.17
100 SD 26.6 0.09 1.75 0.05 0.21 7.08 0.08 :
™ .
(23.1) (0.93) (3.14) ,
43 -
20555 Mean 384 2.00 22.4 0.75 2.97 54.8 4.12
1000 SD §5.1 0.09 3.64 0.10 0.35 9.84 0.62
e
(22.8) (0.76) (3.01)
SD Standard deviation
Blank Non-significant
- P<0.05
o P<0.01
A Values, adjusted for final bodyweight, given in parentheses
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TABLE 8

(Organ weights - continued)

Week 5 (19 February 1993)

FIX 185/930730

Group/ Body Brain Liver Spleen Kidneys  Adrenals Ovaries
dosage wt.
mg/kg/day g g 4 g 4 mg mg
te A A A A
Control Mean 248 1.89 11.2 0.65 2.25 72.9 100.7
1% MC SD 12.0 0.05 0.53 0.13 0.18 10.6 17.91
(1.88) (11.0) (2.20) 97.9

29
20555 Mean 237 1.81 11.0 0.57 2.08 62.3 85.8

10 SD 11.3 0.04 0.49 0.10 0.17 6.90 10.17

0 (1.83) (11.2) (2.13) (88.9)

3
20555 Mean 244 1.86 11.5 0.61 2.25 65.3 102.0

100 SD 13.5 0.06 1.21 0.08 0.17 5.07 17.55

o (1.85) (11.5) (2.25) (101.5)

4 .
20555 Mean 243 1.87 11.7 0.68 2.22 70.5 97.0 ¢
1000 SD 17.4 0.10 0.93 0.07 0.29 4.39 9.29 ’

(1.87) (11.8) (2.22) 97.1) .
SD Standard deviation o
Blank  Non-significant
A Values, adjusted for final bodyweight, given in parentheses
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Week 7 (5 March 1993)

TABLE 9

Organ weights - group mean values

FIX 185/930730

Group/ Body Brain Liver Spleen  Kidneys  Adrenals  Testes+
dosage wt. Epidids
mg/kg/day g g g g g mg g
18 A A
Control Mean 435 2.01 22.3 0.83 3.53 69.5 4.26
1% MC SD 39.4 0.08 2.68 0.13 0.30 17.04 0.20
(23.0) (0.86)
43
20555 Mean 460 2.08 22.6 0.93 3.64 63.4 4.46
1000 SD 44.4 0.06 3.43 0.17 0.18 6.39 0.26
(21.9) (0.90)
SD Standard deviation
Blank  Non-significant
A Values, adjusted for final bodyweight, given in parentheses



Week 7 (5 March 1993)

TABLE 9

(Organ weights - continued)

FIX 185/930730

Group/ Body Brain Liver Spleen Kidneys Adrenais Ovaries
dosage wt.
mg/kg/day g g g g g mg mg
12 A
Control Mean 273 1.88 13.1 0.62 2.30 78.9 109.0
1% MC SD 28.1 0.12 1.77 0.07 0.20 8.87 22.02
(12.8)
49
20555 Mean 258 1.90 12.2 0.63 2.30 75.3 105.9
1000 SD 24.6 0.03 1.45 0.04 0.21 7.82 18.98
(12.5)
SD Standard deviation
Blank  Non-significant
A Values, adjusted for final bodyweight, given in parentheses
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Bodyweights - individual values ®

Group 14: Control 1% MC

APPENDIX 1|

FIX 185/930730

Cage Animal Week
number |pumber
0 1 2 3 4 5 6
i 1 189 249 307 360 395
2 204 271 332 382 417
3 189 254 323 376 417
4 168 224 277 320 357
5 187 254 311 361 397
2 6 189 249 312 348 378 402 432
7 178 242 310 368 416 456 491
8 182 233 288 335 370 402 426
9 181 239 300 347 378 412 436
10 171 231 271 304 332 361 382
f
Group 24: 20555 10 mg/kg/day .
Cage |Animal Week -
number |number
0 1 2 3 4 5 6
3 11 180 229 276 317 346
12 171 217 267 306 335
13 194 269 341 412 471
14 196 251 301 346 381
15 178 237 299 353 396




Group 3d: 20555 100 mg/kg/day

APPENDIX 1

(Bodyweights - continued)

FIX 185/930730

Cage Animal Week
number number
0 1 2 3 4 5 6

4 16 181 233 286 331 376
17 187 250 312 366 417
18 178 240 296 338 380
19 191 254 322 375 418
20 182 234 283 332 369

Group 44: 20555 1000 mg/kg/day
Cage Animal Week
number number :
0 1 2 3 4 5 6

5 21 205 280 354 422 481 .
22 181 234 288 336 372 .
23 167 219 267 308 341
24 187 235 282 330 368
25 183 243 299 336 371

6 26 203 266 316 346 391 417 450
27 183 256 328 396 447 496 542
28 191 262 324 369 407 440 457
29 177 238 295 338 374 406 430
30 173 237 304 353 387 424 452
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Group 19: Control 1% MC

APPENDIX |

(Bodyweights - continued)

FIX 185/930730

Cage Animal Week
number number
0 1 2 3 4 5 6
7 31 158 188 211 221 229
32 167 198 226 242 258
33 161 192 212 222 250
34 171 204 226 248 263
3s 157 184 210 230 239
8 36 166 192 216 235 262 277 291
37 153 179 202 216 239 256 260
338 166 190 208 231 253 264 269
39 148 173 197 211 229 24] 253
40 168 204 234 258 283 301 314
Group 29: 20555 10 mg/kg/day
Cage Animal Week
number |number
0 1 2 3 4 5 6
9 41 162 197 218 236 251
42 155 175 195 218 234
43 164 191 211 231 240
44 163 187 202 231 243
45 148 169 191 209 226
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Group 39: 20555 (00 mg/kg/day

APPENDIX 1

(Bodyweights - continued)

FIX 185/930730

Cage Animal Week
number number
0 1 2 3 4 5 6

10 46 156 182 199 223 238
47 166 199 226 252 273
48 155 177 205 228 243
49 156 186 203 212 238
50 166 190 205 237 244

Group 4%2: 20555 1000 mg/kg/day
Cage Animal Week
number number
0 1 2 3 4 5 6 £

11 51 158 183 212 229 246 .
52 168 187 209 238 256 -
53 151 174 194 216 228 -
54 165 189 203 216 238
55 170 197 224 249 266

12 56 163 188 213 236 250 274 274
57 151 175 196 209 219 241 246
58 157 182 204 220 233 253 266
59 170 197 225 249 267 287 288
60 161 175 187 203 216 219 221
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APPENDIX 2

L)

Food consumption - Cage mean values (g/rat/week)

Group 13 Group 24:
Control 20555
1% MC 10 mg/kg/day
Cage Cage
Week Week
1 2 3
1 216 198 1 199
2 222 216 2 211
3 231 218 3 226
4 236 235 4 234
5 226 5
6 227 6
t
Group 34: Group 44:
20555 20555
100 mg/kg/day 1000 mg/kg/day
Cage Cage
Week Week
4 5 6
1 204 1 206 229
2 213 2 211 236
3 223 3 226 239
4 238 4 243 250
5 5 242
6 6 239
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APPENDIX 2

(Food consumption - continued)

Group 19:
Control
1% MC
Cage
Week
7 8
1 149 148
2 151 157
3 150 156
4 161 169
5 171
6 185
Group 39:
20555
100 mg/kg/day
Cage
Week
10
1 142
2 146
3 151
4 166
5
6
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FIX 185/930730

Group 29:
20555
10 mg/kg/day
Cage
Week
9
1 138
2 143
3 147
4 151
5
6
Group 49:
20555
1000 mg/kg/day
Cage
Week
11 12
1 143 142
2 145 148
3 149 157
4 162 163
5 164
6 159




FIX 185/930730
APPENDIX 3

Haematology - individual valyes

Week 5 (17 February 1993)

Group/ Animal | PCV Hb RBC MCHC Mcv WBC + Diff x10/mm’ Pits TT
dosage no. x10% x 0%/
mg/kg/day % g/di mm?® % fl Total N L E B M mm® s

18 IPA 57 16.2 7.5 28.4 76 9.1 1.37 7.46 0.27 0.00 0.00 1031 22
Control 2 57 15.6 7.6 27.4 75 13.4  3.08 10.32 0.00 0.00 0.00 931 24
1% MC 3PA 54 16.2 6.8 30.0 79 13.7  2.06 11.51 0.14 0.00 0.00 895 22
4 56 15.7 7.3 28.0 77 10.9  1.31 9.37 0.00 0.00 0.22 925 24
5 56 16.3 7.4 29.] 76 10.7 2.78 7.92 0.00 0.00 0.00 930 23
Mean 56 16.0 7.3 28.6 77 11.6 2.12 9.32 0.08 0.00 0.04 942 23
SD 1.2 0.32 0.31 1.01 1.5 1.95 0.803 1.675 0.121 0.000 0.098 51.7 1.0
24 11 57 16.4 7.4 2338 77 7.7 0.69 7.01 0.00 0.00 0.00 861 22
20558 12 57 16.4 7.3 28.3 78 7.4 0.67 6.66 0.07 0.00 0.00 977 23
10 13P 53 15.8 6.8 29.8 78 10.1 0.81 9.29 0.00 0.00 0.00 1005 23
14 56 15.8 7.1 28.2 79 6.3 0.76 5.54 0.00 0.00 0.00 983 24
I5SPA] 52 152 6.5 29.2 80 6.0 0.3 510 0.06 0.00 0.00 937 21

Mean 55 159 7.0 290 78 7.5 0.75 6.72 0.03 0.00 0.00 953 23 ¢
sD 2.3 0.50 0.37 0.59 1.1 1.62 0.074 1.636 0.036 0.000 0.000 56.8 1.1}
k1] 16 57 16.6 7.2 29.1 79 6.7 2,08 4.5 0.00 0.00 0.07 9% 23
20555 17P 56 16.2 7.1 28.9 79 6.8 1.22 5.51 0.00 0.00 0.07 70 23
100 18 55 16.2 7.1 29.5 77 6.7 0.60 6.03 0.07 0.00 0.00 109 23
19 56 16.4 7.2 293 78 9.9 1.58 8.32 0.00 0.00 0.00 933 22
20 55 16.3 7.1 29.¢ 7 7.1 1.21 5.89 0.00 0.00 0.00 803 23
Mean 56 16.3 7.1 29.3 78 7.4 1.34 6.06 0.01 0.00 0.03 778 23
sD 0.8 0.17 0.05 0.29 1.0 1.38 0.544 1.387 0.031 0.000 0.038 3950 0.4
43 21 35 16.0 6.9 29.1 80 11.5 1.73 9.66 0.12 0.00 0.00 893 22
20555 22PA | 55 16.0 7.0 29.1 79 10.1 2.53 7.58 0.00 0.00 0.00 942 22
1000 23 58 16.6 7.4 286 78 8.0 1.36 6.5 0.00 0.00 0.08 1051 25
24A 53 15.5 6.7 29.2 79 10.7 2.03 8.5 0.11 0.00 0.00 1028 21
25 58 163 7.5 28.1 77 5.0 1.25 3.75 0.00 0.00 0.00 874 21
Mean 56 16.1 7.1 28.8 79 9.1 1.73 7.22 0.05 0.00 0.02 958 22
SD 2.2 0.41 0.34 0.47 1.} 2.61 0.521 2.256 0.063 0.000 0.036 79.2 1.6
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FIX 185/930730

: APPENDIX 3

(Haematology - continued)

Week 5 (17 February 1993)

Group/ Animal | PCV Hb RBC MCHC MCV WBC + Diff x10*/mm?® Plts TT

dosage no. x10% x10%
mg/kg/day % gidi mm* % fl Total N L E B M mm® s

19 31 S1 14.5 6.3 28.4 81 44 0.66 3.74 0.00 0.00 0.00 838 20

Control 32 53 15.4 6.7 29.1 79 7.6 2.58 4.94 0.08 0.00 0.00 1116 20

1% MC 33 55 16.6 6.9 30.2 80 6.7 1.47 5.23 0.00 0.00 0.00 1064 21

34 57 16.2 7.3 28.4 78 2.0 1.17 7.5 0.27 0.00 0.00 984 20

5 59 16.6 7.7 28.1 77 3.0 0.66 2.34 0.00 0.00 0.00 1330 19

Mean 55 15,9 7.0 28.8 79 6.1 1.31 4.76 0.07 0.00 0.00 1066 20

SD 3.2 0.90 0.54 0.84 1.6 2.42 0.791 1.936 0.117 0.000 0.000 180.9 0.7

29 41 55 15.6 7.2 28.4 76 4.5 0.68 3.78 0.05 0.00 0.00 1095 20

20555 42 56 16.0 7.3 28.6 77 6.0 0.96 4.98 0.06 0.00 0.00 999 21

10 43 S6 16.4 7.2 29.3 78 3.9 0.94 2.96 0.00 0.00 0.00 93 20

44 S5 16.0 7.0 29.1 79 6.4 0.77 5.63 0.00 0.00 0.00 1142 21

45PA | 51 14.5 6.4 28.4 80 6.2 0.74 5.39 0.06 0.00 0.00 1320 18

Mean 55 1.7 7.0 28.8 78 5.4 0.82 4.55 0.03 0.00 0.00 1090 20

SD 2.1 0.73 0.36 0.42 1.6 1.12 0.125 1.138 0.031 0.000 0.000 160.2 1.2

3Q 46 55 15.8 7.1 28.7 77 4.4 1.06 3.34 0.00 0.00 0.00 1076 20

20555 47 52 149 6.5 28.7 30 7.7 1.93 5.78 0.00 0.00 0.00 1044 19

100 48PA | 55 15.6 6.9 28.4 30 5.8 1.16 4.41 0.23 0.00 0.00 1131 21

49 cud ctd ctd ctd ctd ctd ctd ctd ctd ctd ctd cud 18

50 54 15.2 6.8 28.1 79 8.6 0.60 7.91 0.00 0.00 0.09 1581 20

Mean 54 154 6.8 28.5 79 6.6 1.19 5.36 0.06 0.00 0.02 1208 20

SD 1.4 0.40 0.25 0.29 1.4 1.89 0.552 1.972 0.115 0.000 0.045 251.2 1.1

49 51P S5 15.8 7.0 28.7 79 9.6 2.11 7.49 0.00 0.00 0.00 1107 20

20555 52 54 15.0 7.0 27.8 77 10.5 2.10 8.09 0.11 0.00 0.21 126 19

1000 53p 55 15.4 7.2 28.0 76 109 1.96 8.94 0.00 0.00 0.00 928 19

54 55 15.2 7.0 27.6 79 7.8 1.5 6.16 0.08 0.00 0.00 826 19

55P 54 15.6 6.7 28.9 81 8.8 1.32 7.48 0.00 0.00 0.00 1017 19

Mean 55 15.4 7.0 28.2 78 9.5 1.81 7.63 0.04 0.00 0.04 1001 19

sD 0.5 0.32 0.18 0.57 1.9 1.26 0.353 1.016 0.053 0.000 0.094 125.6 0.4

SD Standard deviation
ctd Clotted sample

P Polychromasia

A Anisocytosis
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Week 7 (3 March 1993)

APPENDIX 4

Haematology - individual values

FIX 185/930730

Group/ Animal PCV# RBC#MCV WBC+ Diff x10mm®
dosa no. x10%
mg/kg/day % mm® f] Total N L Et Bt M+
18 6 56 7.7 73 11.3 1.13 10.17 o0.00 0.00 0.00
Control 7 53 6.8 78 14.8 1.48 13.17 o0.00 0.00 0.15
1% MC 8 56 7.6 74 15.5 2.33 13.18 0.00 0.00 0.00
9 54 7.4 73 14.3 2.15 11.87 0.14 0.00 0.14
10 60 8.3 72 12.8 1.92 10.37 0.51 0.00 0.00
Mean 56 7.6 74 13.7 1.80 11.75 o0.13 0.00 0.06
SD 2.7 0.54 2.3 1.69 0.492 1.456 0.221 0.000 0.079
44 26PA 55 7.3 75 15.1 2.27 12.53 0.00 0.00 0.30
20555 27 56 7.5 75 21.1 5.06 16.04 0.00 0.00 0.00
1000 28 55 7.5 713 13.7  2.06 11.51 0.00 0.00 0.14
29 55 7.2 76 14.8 2.22 12.28 0.15 0.00 0.is5
3op 55 7.4 74 16.3 0.98 15.00 0.00 0.00 0.33
Mean 55 7.4 75 16.2  2.52 13.47 o0.03 0.00 o0.18
SD 0.4 0.13 1.1 2.89 1.516 1.942 0.067 0.000 0.134

SD Standard deviation

® -+ 3> 0

Polychromasia
Anisocytosis
Data required for calculation of total WBC
Data required for calculation of MCV
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Week 7 (3 March 1993)

' (Haematology - continued)

APPENDIX 4

FIX 185/930730

Group/ Animal PCV RBC MCV WBC+ Diff x10*/mm®
dosage no. x10%
mg/kg/day % mm® f] Total N# L E# B# M#
19 36 nr nr nr 12.1 Q.97 11.01 0.00 0.00 0.2
Control 37 nr nr nr 6.5 1.82 4.68 0.00 0.00 0.00
1% MC 38 nr nr nr 8.9 1.07 7.65 0.09 0.00 0.09
39 nr nr nr 8.2 1.39 6.72 0.08 0.00 0.00
40 nr nr nr 10.3 1.75 8.34 0.10 0.00 0.10
Mean 9.2 1.40 7.68 0.05 0.00 0.06
SD 2.12 0.385 2.316 0.050 0.000 0.058
4% 56 nr nr nr 7.8 1.09 6.71 0.00 0.00 0.00
20555 57 ar nr nr 11.1 2.22 8§.88 0.00 0.00 0.00
1000 58 nr nr nr 1.3 0.68 10.17 0.34 0.00 O.11
59 nr nr nr 8.5 0.60 7.91 0.00 0.00 0.00 t
60 nr nr nr 4.6 0.23 4.28 0.05 0.00 0.05 .
Mean 8.7 0.96 7.59 0.08 0.00 0.03 .
SD 2.7 0.766 2.245 0.148 0.000 0.049

# Data required for calculation of total WBC
SD  Standard deviation
nr Not recorded
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FIX 185/930730

APPENDIX 5

Biochemistry - individual values

Week 5 (17 February 1993)

Group/ Animal | Glu- Protein g/dl A/G  Urea Creat- AP GPT GOT
dosage no. cose Nitr  inine mU/ mU/ mU/
mg/kg/day mg/dl Total Alb Glob mg/dl mg/dl mi ml mi
18 1 138 6.8 3.1 3.7 0.84 10 0.6 353 31 65
Control 2 127 6.7 2.8 3.9 0.72 14 0.5 370 28 65
1% MC 3 137 7.0 3.1 3.9 0.79 15 0.7 352 29 67
4 166 6.7 3.0 3.7 0.81 11 0.5 411 30 84
5 168 6.7 3.0 3.7 0.81 16 0.7 413 29 45
Mean 147 6.8 3.0 3.8 0.79 13 0.6 380 29 65
SD 18.6 0.13 0.12 0.11 0.045 2.6 0.10 30.3 1.1 13.8
248 11 140 6.6 3.0 3.6 0.83 15 0.6 448 30 83
20555 12 119 7.0 3.0 4.0 0.75 11 0.5 1353 a5 75
10 13 155 6.6 2.9 3.7 0.78 10 0.5 365 34 46
14 116 6.5 2.8 3.7 0.76 14 0.5 452 33 67 .
15 117 6.1 2.9 3.2 0.91 14 0.5 408 23 438 t
Mean 129 6.6 2.9 3.6 0.81 13 0.5 405 33 64 .
SD 17.4 0.32 0.08 0.29 0.066 2.2 0.04 45.7 8.0 16.4 .
3d 16 126 6.5 2.9 3.6 0.81 15 0.5 1398 26 62
20555 17 137 6.7 3.0 3.7 0.81 11 0.5 452 34 51
100 18 121 6.3 2.9 3.4 0.85 14 0.5 370 29 44
19 130 7.0 3.0 4.0 0.7 13 0.5 354 26 53
20 139 6.1 2.7 3.4 0.79 13 0.6 461 26 52
Mean 131 6.5 2.9 3.6 0.80 13 0.5 407 28 52
SD 7.5 0.35 0.12 0.250.036 1.5 0.04 48.0 3.5 6.4
44 21 148 7.0 3.0 4.0 0.75 10 0.5 382 32 45
20555 22 1280 6.7 3.0 3.7 0.81 10 0.5 456 132 54
1000 23 120 6.2 2.9 3.3 0.88 13 0.5 384 24 65
24 119 6.4 2.8 3.6 0.78 13 0.5 361 18 48
25 124 6.5 2.9 3.6 0.81 9 0.4 311 27 51
Mean 128 6.6 2.9 3.6 0.81 11 0.5 379 27 53
SD 11.8 0.30 0.08 0.25 0.048 1.9 0.04 52.2 5.9 7.7

SD Standard devistion

56




Week 5 (17 February 1993)

APPENDIX 5

(Biochemistry - continued)

FIX 185/930730

Group/ Animal | ¥GT Bili- Na K Ca P Cl Chol Tn-
dosage no. mU/ rubin mEq/ mEq/ mEq/ mEq/ mEq/ glyc
mg/kg/day ml  mg/dl | ! 1 1 l mg/dl mg/di
18 i <] <0.1 145 3.7 5.4 S5.1 96 82 115
Control 2 (<t <0.1 143 3.7 5.3 5.0 97 53 76
1% MC 3 <l 0.1 143 4.2 5.5 5.0 96 102 93
4 <1 <0.1 143 4.6 5.3 6.1 97 60 85
5 <l 0.1 144 3.6 5.4 5.2 97 51 103
Mean |[<! <O0.1 144 4.0 5.4 5.3 97 70 9%
SD 0.9 0.43 0.08 0.47 0.5 21.9 15.2
28 1 i<l1 0.1 145 3.8 5.2 5.2 98 86 103
20555 12 1 0.1 145 4.1 5.6 5.1 98 76 74
10 13 I <0.1 145 4.1 5.5 5.4 9 82 120
i4 1 <0.1 145 4.1 5.3 5.6 98 70 87
15 |<1 <0.1 145 3.9 5.2 4.4 101 76 94
Mean [<1 <0.1 145 4.0 5.4 5.1 98 78 96
SD 0.0 0.14 0.180.46 1.5 6.2 17.3
38 16 1 0.1 145 4.1 5.4 5.9 98 83 87
20555 17 2 <0.1 145 4.0 5.5 5.3 97 66 146
100 18 |<1 <0.1 146 3.6 5.5 5.7 97 72 133
19 |<1 <0.1 145 3.7 5.5 5.4 98 65 115
20 [ <1 0.1 145 4.2 5.2 5.5 100 64 59
Mean |<1 <0.1 145 3.9 5.4 5.6 98 70 108
SD 0.4 0.26 0.13 0.24 1.2 7.9 35.2
43 21 <l <0.1 144 3.8 5.4 4.9 98 99 167
20555 22 1 0.1 145 4.0 5.5 5.0 96 79 79
1000 23 1 <0.1 146 3.6 5.3 5.9 98 67 71
24 <1 <0.1 145 4.2 5.4 5.2 98 79 69
25 [<1 <0.1 145 3.5 54 5.2 97 75 79
Mean (<1 <0.1 145 3.8 5.4 5.2 97 80 93
SD - 0.7 0.29 0.070.39 0.9 11.8 41.6

SD Standard deviation
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FIX 185/930730

APPENDIX 5

(Biochemistry - continued)

Week 5 (17 February 1993)

Group/ Animal | Glu- Protein g/dl A/G  Urea Creat- AP GPT GOT
dosage no. cose Nitr inine mU/ mU/ mU/
mg/kg/day mg/dl Total Alb Glob mg/dl mg/dl ml mi mi
19 31 125 6.9 3.1 3.8 0.82 14 0.6 188 21 48
Control kY 137 6.8 2.8 4.0 0.70 13 0.5 161 16 44
1% MC 33 130 6.0 2.8 3.2 0.88%8 11 0.5 250 23 48
34 13 7.0 3.0 4.0 0.75 12 0.5 237 38 53
35 126 6.9 3.2 3.7 0.8 16 0.4 199 20 53
Mean 130 6.7 3.0 3.7 0.80 13 0.5 207 24 49
SD 5.1 0.41 0.18 0.33 0.076 1.9 0.07 36.4 8.4 3.8
29 41 120 6.6 3.1 3.5 0.89 12 0.6 146 19 50
20555 42 131 7.0 3.3 3.7 0.89 11 0.5 28 20 45
10 43 1200 6.6 3.0 3.6 0.83 14 0.6 173 21 53
44 122 6.7 2.9 3.8 0.76 15 0.5 240 27 43 .
45 127 6.7 3.0 3.7 0.81 15 0.5 278 21 42 ¢
Mean 124 6.7 3.1 3.7 0.84 13 0.5 224 22 47
SD 4.8 0.16 0.150.11 0.055 1.8 0.05 62.4 3.1 4.7 °
39 46 144 6.2 2.8 3.4 0.82 12 0.5 225 23 35
20555 47 123 7.0 2.9 4.1 0.71 15 0.4 194 20 54
100 438 126 6.8 3.2 3.6 0.89 15 0.6 260 23 57
49 133 6.3 3.0 3.8 0.79 14 0.5 177 20 49
50 110 6.3 2.8 3.5 0.80 14 0.5 170 24 42
Mean 127 6.6 2.9 3.7 0.80 14 0.5 205 22 47
SD 12.6 0.35 0.17 0.28 0.065 1.2 0.07 37.3 1.9 9.0
42 51 127 6.7 2.7 4.0 0.68 11 0.5 2066 19 50
20555 52 119 6.7 3.2 3.5 0.91 13 0.5 196 26 47
1000 53 129 6.7 3.0 3.7 0.81 16 0.6 203 22 50
54 131 6.3 3.0 3.3 0.9t 15 0.5 236 IS5 51
55 120 6.8 2.9 3.9 0.74 11 0.5 278 24 42
Mean 125 6.6 3.0 3.7 0.81 13 0.5 236 21 48
SD 5.4 0.19 0.18 0.29 0.102 2.3 0.04 36.6 4.3 3.7

SD Standard deviation
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FIX 185/930730
‘ APPENDIX 5

(Biochemistry - continued)

Week 5 (17 February 1993)

Group/ Animal | ¥yGTBili- Na K Ca P Cl Chol Tn-
dosage no. mU/ rubin mEq/ mEq/ mEq/ mEq/ mEq/ glyc
mg/kg/day mi mg/dl | ! i ! 1 mg/dl mg/dl
19 31 (<1 <0.1 144 3.6 5.3 4.0 101 79 30
Control 32 I 0.1 143 3.7 5.2 4.2 100 97 44
1% MC 33 {<1 <0.1 145 3.6 5.0 4.3 102 58 33
34 2 0.1 144 3.9 5.4 4.3 102 56 36

35 1 0.1 143 3.9 5.5 4.4 96 94 62

Mean (<2 <0.1 144 3.7 5.3 4.2 100 77 41

SD 1.8 0.25 0.29 0.25 2.5 20.3 13.8

29 41 1 <0.1 145 3.8 5.2 4.1 100 80 43
20555 42 1 <0.1 144 3.6 5.3 3.7 99 64 38
10 43 1 <0.1 143 3.9 5.2 3.5 100 98 31
44 (<l <0.1 144 4.0 5.5 4.3 99 83 58

45 1 0.1 143 3.7 5.2 3.8 100 86 43

Mean [<1 <0.1 144 3.8 5.3 3.9 100 82 43

sD 1.8 0.16 0.23 0.32 1.5 12.3 10.9

3 46 1 <0.1 146 4.2 5.2 4.1 102 66 37
20555 47 |<1l <0.1 142 4.3 5.3 4.2 99 114 49
100 48 |<1 0.1 144 3.6 5.3 3.9 100 80 39
49 I<1 <0.1 145 3.5 5.3 4.2 101 84 45

50 2 0.1 145 4.9 5.5 5.7 100 67 46

Mean (<1 <0.1 144 4.1 5.3 4.4 100 82 43

SD 2.5 0.67 0.11 0.73 2.1 20.4 6.0

49 51 |<1 <0.1 145 3.5 5.4 4.2 100 66 38
20555 52 |<1 <0.1 143 3.9 5.3 4.4 100 64 39
1000 53 1 0.1 144 3.1 5.2 3.7 100 110 43
54 2 <0.1 145 3.4 5.0 4.5 101 69 28

55 1 <0.1 144 3.8 5.4 4.3 98 114 42

Mean (<2 <0.1 144 3.5 5.3 4.2 100 85 38

sD 1.8 0.42 0.17 0.41 1.1 26.1 6.0

SD Standard deviation

59




FIX 185/930730
APPENDIX 6

Biochemistry - individual values

Week 7 (3 March 1993)

Group/ Animal Creat- Na
dosage no. inine mEq/
mg/kg/day mg/d] |
18 6 0.6 145
Control 7 0.5 146
1% MC 8 0.6 144
9 0.6 143
10 0.6 143
Mean 0.6 144
SD 0.04 1.3
43 26 0.6 145
20555 27 0.5 143
1000 28 0.6 144 .
29 0.6 143 ¢
30 0.5 146
Mean 0.6 144 )
SD 0.05 1.3 -

SD Standard deviation
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Week 5 (19 February 1993)

APPENDIX 38

Organ weights - individual values

FIX 185/930730

Group/ Animalj Body Brain Liver Spleen Kidneys Adrenals Testes +
dosage no. wt. Epidids
mg/kg/day 4 4 8 g g mg g

18 1 388 1.97 20.4 0.71 3.06 48.6 4.35
Control 2 417 2.04 21.4 0.94 3.32 53.5 4.15
1% MC 3 427 2.14 24.7 0.89 3.94 57.9 5.13
4 363 1.93 18.8 0.76 3.29 56.5 3.84
5 391 2.08 23.9 0.82 3.78 66.0 4.37
Mean 397 2.03 21.9 0.82 3.48 56.5 4.37
SD 25.3 0.082 2.44 0.095 0.366 6.40 0.476
28 11 342 1.85 16.5 0.67 2.48 60.1 4.22
20555 12 333 1.87 17.5 0.66 2.96 49 .3 3.83
10 13 468 1.95 25.5 1.07 3.29 45.0 4.64
14 385 22.10 22.0 0.91 3.09 62.2 4.02
15 403 1.96 23.5 0.76 3.02 57.5 4.20

Mean 386 1.95 21.0 0.81 2.97 54.8 4.18 3

SD 54.1 0.099 3.89 0.176 0.299 7.36 0.299 -

33 16 375 1.95 21.7 0.98 2.86 64.2 4.19 -
20555 17 418 2.13 23.6 0.95 3.35 56.5 4.10
100 18 390 1.99 24.4 0.88 3.06 53.2 4.10
19 425 1.96 25.6 0.98 3.33 54.4 4.17
20 364 1.90 21.6 0.87 3.18 69.7 4.28
Mean 394 98 23.4 0.93 3.16 59.6 4.17
SD 26.6 0.089 1.75 0.054 0.205 7.08 0.075
43 21 479 1.99 28.1 0.74 3.52 56.3 4.13
20555 22 375 2.00 21.5 0.83 2.97 54.1 4.10
1000 23 336 2.12 18.1 0.59 2.54 46.4 4.85
24 361 2.02 22.4 0.85 2.90 46.8 3.15
25 371 1.86 21.7 0.76 2.93 70.6 4.37
Mean 384 2.00 22.4 0.75 2.97 54.8 4.12
SD 55.1 0.092 3.64 0.103 0.354 9.84 0.621

sD Standard deviation
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FIX 185/930730
! * APPENDIX 8

(Organ weights - continued)

Week 5 (19 February 1993)

Group/ Animal Body Brain Liver Spleen Kidneys Adrenals Ovaries
dosage no. wt.

mg/kg/day g g 4 g g mg mg
19 31 235 1.86 10.9 0.60 2.16 62.4 110.5
Control 32 258 1.89 12.0 0.70 2.42 73.7 91.8
1% MC 33 250 1.87 11.5 0.84 2.28 86.2 117.3
34 261 1.97 11.0 0.63 2.40 79.8 110.3
35 236 1.87 10.7 0.49 1.99 62.3 73.5
Mean 248 1.89 11.2 0. 2.2 72.9 100.7
SD 12.0 0.047 0.53 0.130 0.177 10.58 17.91
29 41 252 1.82 11.7 0.54 2.36 70.5 98.6
20555 42 234 1.88 10.9 0.70 2.11 61.1 92.7
10 43 238 1.78 11.2 0.55 1.96 68.3 78.7
44 241 1.77 10.7 0.59 2.00 55.6 73.5

45 220 1.81 10.5 0.44 1.94 55.9 85.3 .

t

Mean 237 1.81 11.0 0.57 2.08 62.3 85.8 "

SD 11.3 0.044 0.49 0.095 0.170 6.90 10.17 :
39 46 235 1.87 10.2 0.55 2.13 58.3 105.7
20555 47 266 1.94 13.3 0.62 2.35 63.5 129.5
100 48 237 1.80 12.0 0.50 2.12 72.3 84.1
49 235 1.87 11.3 0.70 2.51 65.7 100.3
50 246 1.81 10.8 0.65 2.17 66.5 90.2
Mean 244 1.86 11.5 0.61 2.2 65.3 102.0
SD 13.5 0.057 1.21 0.080 0.169 5.07 17.55
49 51 237 1.88 11.3 0.74 2.38 75.5 99.6
20555 52 253 1.85 11.1 0.66 2.00 68.7 108.4
1000 53 223 1.80 11.6 0.65 1.96 74.9 87.4
54 233 1.77 11.4 0.58 2.10 66.2 87.5
55 267 2.03 13.4 0.76 2.65 67.2 102.1
Mean 243 1.87 11.7 0.68 2.22 70.5 97.0
SD 17.4 0.103 0.93 0.074 0.293 4.39 9.29

SD Standard deviation



Week 7 (5 March 1993)

APPENDIX 9

Organ weights - individual values

FIX 185/930730

Group/ Animal Body Brain Liver Spieen Kidneys  Adrenals Testes+
dosage no. wt. Epidids
mg/kg/day g g 4 g g mg g

13 6 431 1.98 17.9 0.79 3.01 70.5 4.07
Control 7 493 2.13 25.0 0.93 3.79 87.0 4.55
1% MC 8 434 1.92 22.5 0.95 3.65 46.8 4.10
9 434 2.07 23.7 0.83 3.60 58.7 4.23
10 382 1.97 22.5 0.64 3.61 84.4 4.35
Mean 435 2.01 22.3 0.83 3.53 69.5 4.26
sD 39.4 0.082 2.68 0.125 0.302 17.04 0.196
44 26 444 2.15 20.8 1.05 3.72 67.3 4.77
20555 27 535 2.09 28.7 1.13 3.92 71.1 4.60
1000 28 451 1.99 21.4 0.69 3.54 60.9 4.08
29 418 2.11 21.4 0.84 3.54 54.3 4.40
30 450 2.08 20.6 0.95 3.48 63.3 4.47

Mean 460 2.08 22.6 0.93 3.64 63.4 4.46 1
SD 44.4 0.059 3.43 0.173 0.179 6.39 0.256

SD Standard deviation
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FIX 185/930730
! APPENDIX 9

(Organ weights - continued)

Week 7 (5 March 1993)

Group/ Animal Body Brain Liver Spleen Kidneys Adrenals Ovaries
dosage no. wt.

mg/kg/day g g g g g mg mg
19 36 284 2.00 12.6 0.67 2.61 71.5 121.6
Control 37 252 1.76 11.4 0.70 2.23 85.3 95.3
1% MC 38 265 1.96 12.1 0.54 2.09 69.1 81.7
39 247 1.75 13.6 0.57 2.21 78.6 138.1
40 316 1.92 16.0 0.62 2.37 90.0 108.4
Mean 273 1.88 13.1 0.62 2.30 78.9 109.0
SD 28.1 0.117 1.77 0.068 0.199 8.87 22.02
49 56 276 1.92 12.3 0.58 2.34 73.0 83.3
20555 57 242 1.86 11.7 0.62 2.09 66.0 122.3
1000 58 257 1.87 13.0 0.63 2.61 87.6 128.7
59 289 1.93 13.9 0.64 2.35 74.2 97.4

60 228 1.93 10.1 0.70 2.11 75.7 97.6 .

¢

Mean 258 1.90 12.2 0.63 2.30 75.3 105.9 .
SD 24.6 0.033 1.45 0.044 0.211 7.82 18.98

SD Standard deviation -



FIX 185/930730
APPENDIX 10

1

Clinical and pathological data relating to rats killed following
the 4-week treatment or 2-week recovery periods

Group: 1 2 3 4
Compound: Controi 20555
Level (mg/kg/day): 0 10 100 1000

In this appendix the clinical, macroscopic and microscopic findings relating to each animal are listed

together. The macroscopic and microscopic findings are presented by an automated data collation
system.

;67







FIX 185/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 18 (Terminal)
CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS

The following observations were noted:

Liver
Centrilobular hepatocyte enlargement: (Minimal)
Centrilobular hepatocyte vacuolation: (Minimal)
Sinusoidal dilatation/congestion

The following tissues were considered normal:

Heart; Spleen; Kidneys; Testes; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 185/930730

‘ APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 243 (Terminal)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical 3
Enlarged g

All the other organs and tissues appeared normal.

MICROSCOPIC FINDINGS
The following observations were noted:
Liver
Centrilobular hepatocyte vacuolation: (Minimal)
Parenchymal inflammatory cells: (Focal)
Sinusoidal dilatation/congestion: (Areas)
Lymph Nodes - Cervical
Lymphoid proliferation: (Minimal)

The following tissues were considered normal:

Heart; Spleen; Kidneys; Testes; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 34 (Terminal)
CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS

The following observations were noted:

Liver
Centrilobular hepatocyte vacuolation: (Minimal)
Sinusoidal dilatation/congestion

Ki

Tubular basophilia: (Minimal , Focal)
Adrenals

Vacuolated cortical cells: (Minimal)

The following tissues were considered normal:

Heart; Spleen; Testes; Epididymides

Pathologist: H.Singh
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FIX 185/930730
! APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 43 (Terminal)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical ¢
Enlarged ’

All the other organs and tissues appeared normal. -

MICROSCOPIC FINDINGS
The following observations were noted:

Liver
Sinusoidal dilatation/congestion

Lymph Nodes - Cervical
Lymphoid proliferation: (Minimal)

The following tissues were considered normal;

Heart; Spleen; Kidneys; Testes; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 185/930730

. APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 53 (Terminal)
CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical :
Enlarged .

All the other organs and tissues appeared normal.

MICROSCOPIC FINDINGS

The following observations were noted:

Liver
Parenchymal inflammatory cells: (Focal)
Sinusoidal dilatation/congestion

Lymph Nodes - Cervical
Lymphoid proliferation: (Minimal)

The following tissues were considered normal:

Heart; Spleen; Kidneys; Testes; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 185/930730
: APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 63 (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal ¢
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FIX 185/930730

) APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 73 (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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FIX 185/930730
' APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 83 (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical (
Enlarged

All the other organs and tissues appeared normal.
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FIX 185/930730
. APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 93 (Recovery)
CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal :
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FIX 185/930730
g APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 10Z (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical t
Enlarged :

All the other organs and tissues appeared normal. -
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 10 mg/kg/day
Rat No/Sex: 113 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal ‘

. 78




FIX 185/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 10 mg/kg/day

Rat No/Sex: 124 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment

period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 10 mg/kg/day
Rat No/Sex: 133 (Terminal)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal t
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FIX 185/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 10 mg/kg/day
Rat No/Sex: 148 (Terminal)

- CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS H

No abnormalities were seen in the animal
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FIX 185/930730

\ APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 10 mg/kg/day
Rat No/Sex: 158 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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FIX 185/930730
' APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 100 mg/kg/day

Rat No/Sex: 168 (Terminal)
- CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period,

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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FIX 185/930730

: APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 178 (Terminal)

CLINICAL FINDINGS

No signs of ill heaith, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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FIX 185/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 188 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX 1857930730

: APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 198 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

Stomach Antrum Mucosa
White nodule, near to limiting ridge: 1mm

All the other organs and tissues appeared normal.
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 208 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS i

No abnormalities were seen in the animal
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FIX 185/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 218 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS ’
The following observations were noted:
Liver

Centrilobular hepatocyte vacuolation: (Minimal , Some lobes)
Sinusoidal dilatation/congestion: (Some lobes)

Medullary necrosis: (Focal , Unilateral)
Cystic medullary tubule(s) containing necrotic detritus: (Focus)

The following tissues were considered normal:

Heart; Spleen; Testes; Epididymides; Adrenals

Pathologist: H.Singh




FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex; 224 (Terminal)

CLINICAL FINDINGS

No signs of ill heaith, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.

MICROSCOPIC FINDINGS
The following observations were noted:

Liver
Sinusoidal dilatation/congestion

Adrenals
Cortical hyperplasia: (Minimal , Focal , Unilateral)

Lymph Nodes - Cervical
Lymphoid proliferation: (Minimal)

The following tissues were considered normal:

Heart; Spleen; Kidneys; Testes; Epididymides

Pathologist: H.Singh
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FIX 185/930730

. APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 233 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS
The following observations were noted:

Liver
Sinusoidal dilatation/congestion

The following tissues were considered normai:

Heart; Spieen; Kidneys; Testes; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 1857930730
APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 243 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS

The following observations were noted:

Liver
Centrilobular hepatocyte enlargement: (Minimal)
Centrilobular hepatocyte vacuolation: (Minimal)
Sinusoidal dilatation/congestion

Testes
Reduced spermatogenesis: (Minimal , Focal , Bilateral)

The following tissues were considered normal:

Heart; Spleen; Kidneys; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 185/930730
\ APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 253 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS
The following observations were noted:
Liver

Centrilobular hepatocyte vacuolation: (Minimal , Some lobes)
Sinusoidal dilatation/congestion

The following tissues were considered normal:

Heart; Spleen; Kidneys; Testes; Epididymides; Adrenals

Pathologist: H.Singh
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FIX 185/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 1000 mg/kg/day
Rat No/Sex: 268 (Recovery)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
Or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX 185/930730
) APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 273 (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

Spieen
Capsule thickened

All the other organs and tissues appeared normal.
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 28d (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animai
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FIX 185/930730

. APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 294 (Recovery)

CLINICAL FINDINGS

No signs of ill heaith, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX 185/930730
) APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 304 (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
Or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX 185/930730

: APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 312 (Terminal)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.

MICROSCOPIC FINDINGS

The following observations were noted:

Liver
Centrilobular hepatocyte vacuolation: (Minimal , Some lobes)
Sinusoidal dilatation/congestion

Lymph Nodes - Cervical
Lymphoid proliferation: (Minimal)

The following tissues were considered normal:

Heart; Spleen; Kidneys; Adrenals

Pathologist: H.Singh
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FIX 185/930730
‘ APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex; 329 (Terminal)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical f
Enlarged

All the other organs and tissues appeared normal. g

MICROSCOPIC FINDINGS
The following observations were noted:

Lymph Nodes - Cervical
Lymphoid proliferation: (Minimal)

The following tissues were considered normai:

Heart; Liver; Spieen; Kidneys; Adrenals

Pathologist: H.Singh
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FIX 185/930730

) APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 339 (Terminal)
CLINICAL FINDINGS

No signs of ill heaith or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS
The following observations were noted:

Liver
Parenchymal inflammatory cells: (Focal)

The following tissues were considered normal:

Heart; Spleen; Kidneys; Adrenals

Pathologist: H.Singh
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 349 (Terminal)
CLINICAL FINDINGS

No signs of ill health or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS i
The following tissues were considered normal:

Heart; Liver; Spleen; Kidneys; Adrenals

Pathologist: H.Singh
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FIX 185/930730

. APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 352 (Terminal)
CLINICAL FINDINGS

No signs of ill heaith or behavioural change were observed over the treatment period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS
The following tissues were considered normal:

Heart; Liver; Spieen; Kidneys; Adrenals

Pathologist: H.Singh
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FIX 185/930730
) APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 369 (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal 3
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FIX 185/930730
. APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 372 (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX [85/930730
APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: Control

Rat No/Sex: 382 (Recovery)
CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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FIX 185/930730

APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 399 (Recovery)

CLINICAL FINDINGS

No signs of ill health or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical 4
Enlarged .

Stomach Antrum Mucosa
White nodule, near to limiting ridge: 1mm ) .

All the other organs and tissues appeared normai.
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APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: Control
Rat No/Sex: 402 (Recovery)

CLINICAL FINDINGS

No signs of ill heaith or behavioural change were observed during the treatment or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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(Pathology - continued)

Compound: 20555
Dosage Level: 10 mg/kg/day
Rat No/Sex: 412 (Terminal)

CLINICAL FINDINGS

No signs of iil health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.

108 :




FIX 185/930730
‘ APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 10 mg/kg/day
Rat No/Sex: 429 (Terminal)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 10 mg/kg/day
Rat No/Sex: 4392 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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. APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 10 mg/kg/day
Rat No/Sex: 44% (Terminal)

CLINICAL FINDINGS
No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

White nodule, near to limiting ridge: Imm .

All the other organs and tissues appeared normal.
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) APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 10 mg/kg/day

Rat No/Sex: 452 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment

period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 469 (Terminal)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 472 (Terminal)

CLINICAL FINDINGS

No signs of iil health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Stomach Antrum Mucosa
White nodule, near to limiting ridge: 1mm

All the other organs and tissues appeared normal.
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(Pathology - continued)

Compound: 20555
Dosage Level: 00 mg/kg/day
Rat No/Sex: 489 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged .

All the other organs and tissues appeared normal.
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' APPENDIX 10

(Pathology - continued)

Compound: 20555
Dosage Level: 100 mg/kg/day
Rat No/Sex: 499 (Terminal)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.
MACROSCOPIC FINDINGS

Stomach Antrum Mucosa
White nodule, near to limiting ridge: imm

All the other organs and tissues appeared normal.
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(Pathology - continued)

Compound: 20555
Dosage Levei: 100 mg/kg/day
Rat No/Sex: 509 (Terminal)
CLINICAL FINDINGS

No signs of iil health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS i

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.
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(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 512 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS i
The following tissues were considered normai:

Heart; Liver; Spleen; Kidneys; Adrenals

Pathologist: H.Singh
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(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 529 (Terminal)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS
The following observations were noted:

Liver
Centrilobular hepatocyte vacuolation: (Minimal , Some lobes)
Sinusoidal dilatation/congestion

The following tissues were considered normal:

Heart; Spleen; Kidneys; Adrenals

Pathologist: H.Singh

119



FIX 185/930730
' APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 1000 mg/kg/day
Rat No/Sex: 539 (Terminal)
CLINICAL FINDINGS

No signs of ill heaith, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS

The following observations were noted:

Pelvic inflammatory cell infiltration: (Areas , Unilateral)

The following tissues were considered normal:

Heart; Liver; Spleen; Adrenals

Pathologist: H.Singh
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(Pathology - continued)

Compound: 20555

Dosage Level: 1000 mg/kg/day
Rat No/Sex: 549 (Terminal)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

MICROSCOPIC FINDINGS
The following tissues were considered normal:

Heart; Liver; Spieen; Kidneys; Adrenals

Pathologist: H.Singh
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‘ APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 1000 mg/kg/day
Rat No/Sex: 559 (Terminal)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed over the treatment
period.

MACROSCOPIC FINDINGS

Lymph Nodes - Cervical
Enlarged

All the other organs and tissues appeared normal.

MICROSCOPIC FINDINGS
The following observations were noted:

Vacuolated epithelium of occasional cortical tubules: (Minimat)
Lymph Nodes - Cervical

Lymphoid proliferation: (Minimal)

The following tissues were considered normal:

Heart; Liver; Spieen; Adrenals

Pathologist: H.Singh
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(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 569 (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 579 (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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(Pathology - continued)

Compound: 20555
Dosage Level: 1000 mg/kg/day
Rat No/Sex: 582 (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal

125 :



FIX 185/930730

, APPENDIX 10

(Pathology - continued)

Compound: 20555

Dosage Level: 1000 mg/kg/day
Rat No/Sex: 599 (Recovery)
CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

No abnormalities were seen in the animal
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(Pathology - continued)

Compound: 20555
Dosage Levei: 1000 mg/kg/day
Rat No/Sex: 602 (Recovery)

CLINICAL FINDINGS

No signs of ill health, behavioural change or reaction to treatment were observed during the treatment
or recovery periods.

MACROSCOPIC FINDINGS

Stomach Antrum Mucosa
White nodules, near to limiting ridge: (Two) lmm

All the other organs and tissues appeared normal.
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Special Diets Services Rat and Mouse Maintenance Diet

Composition and quality assurance aspects of diet

SDS Rat and Mouse No. | SQC modified maintenance diet is a fixed formula diet. Each batch of
diet is analysed for nutrients, possible contaminants and micro-organisms, likely to be present in the
diet, and which, if in excess, may have an undesirable effect on the test system.

Prior to release of diet for use HRC Quality Assurance Department checks each certificate of analysis
for conformity with the specification detailed below. Occasional slight deviations to this specification
may be permitted.

Nutrients Target level Tolerance % Acceptable range
Moisture 10.0 +25 12.5 % max
Crude fat 3.0 +30 20 - 40 %
Crude protein 14.5 +15 120 - 165 % £
Crude fibre 4.0 +50 20 - 60 % :
Ash 5.0 +25 37 - 62 %
Calcium 0.9 +30 06 - 12 %
Phosphorus 0.6 +20 05 - 075 %
Sodium 0.25 140 0.15 - 035 %
Chloride 0.5 140 03 - 07 %
Potassium 0.9 +50 045 - 135 %
Magnesium 0.2 +50 0.1 - 03 %

Iron 200 +50 100 - 300 mg/kg
Copper 15 160 6 - 24 mg/kg
Manganese 60 +60-40 36 - 100 mg/kg
Zinc 60 +50 30 - 90 mg/kg
Vitamin A 6 -50 3 iu/g min.
Vitamin E 70 -50 35 mgkg mn
Contaminants Maximum conceatration
Fluoride 20 mg/kg
Nitrate (as NaNO) 30 mg/kg
Nitrite (as NaNO) 10 mg/kg
Lead 2.0 mg/kg
Arsenic 1.0 mg/kg
Cadmium : 0.7 mg/kg
Mercury 0.1 mg/kg
Selenium ' 0.6 mg/kg
Total Aflatoxins 5.0 mcg/kg
Total P.C.B. 50 mcg/kg
Total D.D.T. 250  mcgrkg
Dieldrin 50  mcg/kg
Lindane 300  mcg/kg
Heptachlor 20  mcg/kg
Malathion 5000 mcg/kg
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Microbiological contents

Total viable organisms
Mesophilic spores
Salmonellae species
Presumptive E. coli
E. coli type 1

Fungal units
Antibiotic activity

APPENDIX 11

(Aspects of diet - continued)
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Quality assurance aspects of drinking water
The water supplied to HRC, by Anglian Water, is potable water for human consumption. Anglian
Water takes its guidelines on water quality from the EEC directive relating to water for human

consumption, viz: Council Directive 80/778/EEC.

Results of routine physical and chemical examination of drinking water at source as conducted,
usually weekly by the supplier, are made available to HRC as quarterly summaries.

These results include levels of:

Nitrites Potassium Chloride

Nitrates Silicon [ron

Calcium Arsenic Selenium

Magnesium Barium Silver

Sodium Antimony Phosphorus :

as well as concentrations of pesticides, related products, polycyclic aromatic hydrocarbons, haloforms,
chlorophenols and polychlorinated biphenyls. »

-
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(continued)

INTRODUCTION

This appendix contains details of the analytical method used and the results obtained for:
The determination of concentrations of 20555 in dose formulations* analysed during the study.

The determination of the physical stability (homogenelty and resuspendability) of 20555 in
1% MC formulations'.

The determination of the chemical stability of 20555 in | % MC formulations'.

The validation of the method of analysis for the determination of 20555 in ;
1% MC formulations'. .

The formulations for this study were prepared as suspensions of 20555 in | % methyicellylose by
Formulation personnel at Huntingdon Research Centre Limited.

CH,

20555

1%MC: 1% w/v aqueous methylcellulose
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(continued)

EXPERIMENTAL PROCEDURE

ANALYTICAL PROCEDURE

Apparatus and instrumentation

High performance liquid As detailed below or suitable alternative.
chromatograph (HPLC):
Pump: Waters Associates model 510.
Autosampler: Waters Associates WISP 710A.
Detector: Spectra-Physics UV 1000.
Integrator: Spectra-Physics SP4270.

General laboratory glassware.

Reagents
Test material: 20555
Supplier: Fuji Xerox Company Ltd.
Batch no.: 920911
Stated purity: 99.9%
Methanol; Merck Lid., HiPerSolv for HPLC.
Water: Elgastat UHP-4, deionised reverse osmosis.
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{continued)

Sample extraction

A representative sample (approximately | ml) of test formulation was accurately weighed and
dissolved in a suitable volume of methanoi. The extract was appropriately diluted using methanol to
provide a solution containing 20555 in the expected concentration range 2 - 4 ug/ml.

The final solution was filtered (Whatman PURADISC 25PP 0.45um) and the concentration of 20555
was quantified by high performance liquid chromatography using ultraviolet detection as detailed in
the following section.

Typical chromatographic conditions

Analytical column: LiChrospher 100 RP-18e, 5 um, 125 x 4 mm ID?
Merck Ltd..

Guard column: LiChrospher 100 RP-18e, 5 um, 4 x 4 mm ID.,
Merck Ltd..

"~ Mobile phase: Methanol/water (98/2 v/v).

Flow rate: 1.0 mi/minute.

Detector wavelength: UV, 300 nm.

Injection volume: 1S ul.

Integrator attenuation: 64,

Retention volume: 3.5 ml.

Calibration

A primary standard solution was prepared for each analytical occasion by dissoiving an accurately
weighed quantity (50 mg) of 20555 in methanol (100 ml). Solutions for instrument calibration,
containing 20555 in the concentration range 1 - 5 ug/ml, were prepared by appropriate dilution of
the primary standard using methanol.

Calibration solutions were injected onto the HPLC, at the beginning and end of each sampie analysis
sequence, using the conditions detailed in the previous section.
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(continued)

Calculation

The peak response for 20555 in each calibration chromatogram was measured and calibration curves
were constructed by linear regression of standard response versus standard concentration. The
response of the peak observed at the characteristic retention volume for 20555 in sample and
procedural recovery chromatograms was measured and the concentration of 20555 was determined
using the following equation:

Y-I

Concentration, mg/ml = —_ X x D x 107

gl <

"~ Where Peak response in test chromatogram

Intercept derived from linear regression of calibration data

Slope derived from linear regression of calibration data -
Dilution volume of sample (ml)

Weight of sample (g)

Density (g/ml), a value of 1 will be used where the formulation densities fall within

the range 0.99 - 1.01 g/ml

DCE<w~<

Results were corrected for the appropriate mean procedural recovery value at analysis.
Limit of detection

The limit of detection, defined as the concentration of 20555 in control matrix producing a peak
response equivalent to 3 X baseline noise, was determined as 0.075 mg/ml.

VALIDATION OF THE METHOD OF ANALYSIS

The analytical procedure was validated by fortifying a minimum of six samples (1 ml) of control
vehicle with 20555, to concentrations of 1 mg/ml and 100 mg/ml, which were analysed in accordance
with the analytical procedure. The test substance, 20555, was added either as a solution in methanol
(inclusion levels <20 mg/ml) or as solid test material (inclusion levels 220 mg/mi).

Procedural recoveries were determined for each inclusion level and analysed concurrently with test
formulations.
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(continued)

DETERMINATION OF CONCENTRATIONS OF 20555 IN DOSE FORMULATIONS ANALYSED
DURING THE STUDY

Representative samples (approximately 20 ml) of freshly prepared dose formulations were thoroughly
mixed by vigorous shaking and duplicate sub-samples (1 ml) were analysed in accordance with the
analytical procedure.

DETERMINATION OF THE PHYSICAL STABILITY OF 20555 IN 1% METHYLCELLULOSE
FORMULATIONS

Freshly-prepared specimen formulations (approximately 200 ml), containing 20555 at nominal
concentrations of 1 mg/mil and 100 mg/ml, were each thoroughly mixed by inversion and magnetically
stirred. After magnetic stirring for 5 minutes (0 hour), 0.5 hour and | hour, samples (approximately
1 ml) were removed for analysis from points at approximately one-quarter, one-half and three—quarter&
the depth (representing the top, middle and bottom) of the formulation. -

The magnetic stirring was discontinued and the remainder of each formulation was stored in the dark
at ambient temperature. At a time point representing 4 hours after preparation, each formulation was
re-mixed and sampled for analysis as above.

At each occasion, the three samples from each formulation were analysed in accordance with the
analytical procedure.

DETERMINATION OF THE CHEMICAL STABILITY OF 20555 IN 1% METHYLCELLULOSE
FORMULATIONS

Freshly-prepared specimen formulations (approximately 20 mi), containing 20555 at nominal
concentrations of 1 mg/mi and 100 mg/mi, were each sub-sampled (6 replicates of approximately |
ml) for analysis. Duplicate sub-samples were analysed immediately and the remaining samples were
stored (ambient temperature during the day, refrigeration overnight) in the dark for 4 and 24 hours
before analysis.

At each occasion, two sub-samples of each formulation were analysed in accordance with the
analytical procedure.
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(continued)

RESULTS

The mean concentrations of 20555 in dose formulations analysed during the study and the deviation
of mean resuits from nominal values are summarised in Table 1. Mean resuits for the formulations
scheduled for analysis were within —9% of nominal concentrations, with the exception of one result
(Day 22, 100 mg/ml) which was 12% above nominal. In view of this high result, the 100 mg/ml
formulation prepared for dosing on Day 24 was also sampled and assayed at 19% above nominal.
Individual analytical results and associated procedural recovery data are detailed in Table 2.

The results in Table 3 indicate that, at nominal concentrations of 1 mg/ml and 100 mg/ml, 20555
produces a homogeneous suspension in | % methylicellulose formulation which can be maintained for
up to 1 hour while magnetically stirred and successfully resuspended following storage at ambient
temperature for 4 hours. '
The resuits in Table 4 indicate that, at nominal concentrations of | mg/ml and 100 mg/mi, 20555 is
chemically stable in the 1% methylcellulose formulation during storage (ambient temperature during
the day, refrigeration overnight) for 24 hours.

Procedural recovery data obtained during method validation and the determination of stability are
presented in Table 5. The data indicate that the analytical method is both precise and accurate: a
mean procedural recovery value of 101.0% + 1.25 SD (n=8) was obtained for | mg/ml and 102.3%
+ 1.20 SD (n=8) for 100 mg/ml. Results for the analysis of test samples are corrected for the
appropriate mean procedural recovery value at analysis. ’

A typical calibration standard graph is presented in Figure 1 confirming the linearity of detector
response for 20555 over the concentration range 1-5 ug/mi. Typical analytical chromatograms are
presented in Figures 2 and 3. In Figure 2, the absence of a peak at the characteristic retention
volume for 20555 in the control sample chromatogram demonstrates the specificity of the HPLC
assay.
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(continued)

CONCLUSION

The analytical results indicate that the doses formulated during the study were within 20% of nominal.
The data also indicate that the formulations were chemically and physically stable from the time of
preparation to completion of dosing.
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(continued)

TABLE 1

Summary: mean concentrations of 20555 in dose formulations

Day Nominal Mean analysed
of Group inclusion concentration ltl;:l)E
dosing (mg/ml) (mg/ml)

I Control 0 ND -
2 1 0.915 -8.5
3 10 9.71 -2.9
4 100 99.8 -0.2

22 Control 0 ND -
2 ' I 0.962 -3.8
3 10 10.0 0.0
4 100 112 +12.0
24 4 100 119 +19.0

ND  None detected (<0.075 mg/ml)
RME Relative mean error, representing the deviation from nominal
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Concentrations of 20555 in dose formulations

(continued)

TABLE 2

(individual values)

FIX 185/930730

Day Nominal Analysed concentration Procedural recoveries
of Group inclusion (mg/mi) (%)
dosing (mg/mi) | Analysis 1  Analysis 2 Mean At analysis  Mean'
1 Control 0 ND ND ND

2 1 0.903 0.927 0.915 100.0 ¢
3 10 9.67 9.75 9.71 98.9 101.4 |
4 100 100 99.1 99.8 100.5 - )

22 Control 0 ND ND ND
p 1 0.957 0.968 0.962 98.5
3 10 10.0 10.0 10.0 99.7 100.9
4 100 112 111 112 95.6

24 4 100 118 123 119 103.0 101.0

ND None detected (<0.075 mg/ml)

1

Table §

Represents the cumuiative mean procedural recovery value and includes procedural recovery data from

Results are calculated using unrounded figures and are corrected for the appropriate mean procedural recovery

value given in this Table
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(coatinued)

TABLE 3

Physical stability of 20555 in 1% MC formulations

FIX 185/930730

Nominal Storage Analysed concentration (mg/ml) cv
inclusion time %
(mg/ml) (hours) Top Middle Bottom Mean (%)
1 0 0.963 0.984 0.972 0.973 I.11
0.5 0.952 0.955 0.953 0.953 0.14
| 0.927 0.922 0.946 0.931 1.34
0.949 0.939 0.957 0.949 0.96

100 0 102 101 99.8 101 1.01 .

0.5 98.6 9.9 95.1 96.9 1.81 7

1 98.4 96.0 96.0 96.8 1.40
4 99.3. 97.5 100 99.1 1.47

CV  Coefficient of variation

Resuits are calculated using unrounded figures and are corrected for the appropriate mean procedural

recovery value in Table §
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(continued)

TABLE 4

Chemical stability of 20555 in 1% MC formulations

Nominal Storage Analysed concentration
inclusion time (mg/ml) RME
(%)
(mg/ml) (hours) | Apalysis I  Analysis 2 Mean
1 0 0.968 0.960 0.964 -
4 0.936 0.960 0.948 ~-1.7
24 0.965 0.955 0.960 -0.4
100 0 101 101 101 - :
4 107 99.3 103 +2.0 .
24 100 100 ) 100 0.0 .

RME Relative mean error, represeating the deviation from time zero

Resuits are calculated using unrounded figures and are corrected for the appropriate mean
procedural recovery value in Table 5
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(continued)

TABLE 5

Procedural recovery data for 20555
in | % MC formulations

(results are expressed as percent recovery)

) Nominal level of fortification
Analyucal (mg/mj)
phase
1 100

Validation 100.4 102.6
100.6 102.9 ;
101.1 103.1 .
100.4 102.3 .
100.7 103.5 -
100.6 103.3 ‘

Stability 104.0 100.7
100.1 100.3

Mean 101.0 102.3

SD (+) 1.25 1.20

RangL 100.1-104.0 100.3-103.5

n 8 8

SD Standard deviation
n  Number of determinations
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FIGURE 1
Typical calibration standard graph
(Day 22)
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(continued)

FIGURE 2

Typical sample chromatograms

Group 1, Control (1 g/500 ml)

CHANNEL R

(Day 22)

INJECT 16-22-33 15:57:08

Group 2, 1 mg/ml (1 g/500 ml)

THANNEL A

INJECT 10-92-92 14:49:49

(BN

.49
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(continued)
FIGURE 2
(continued)
Group 3, 10 mg/mi (1 g/2500 ml)
CHRANNEL A INJECT 19-92-93 15:3@:2% STORED TO BIN # 19
= — 243 ;
Group 4, 100 mg/mi (1 g/25000 ml)

CHANNEL R INJECT 18-92-93 15:19:24 STORED TO BIN # 235
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FIX 185/930730

* ANALYTICAL CHEMISTRY REPORT

(continued)
FIGURE 3
Typical procedural recovery chromatograms
(Day 22)
1 mg/mi, 98.5%
CHRHHEL R IHJECT 48-92-92 15:22:4& STORED TO GIN # 15
2.49
10 mg/ml, 99.7%
CHANMEL A INJECT 18-82-93 15:57:82 <STORED To BIN # 23

[— T o .43
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FIX 185/930730
« ANALYTICAL CHEMISTRY REPORT

(continued)
FIGURE 3
(continued)
100 mg/ml, 95.6%
- CHARNNEL A INJECT 198-82-32 15:43:47 STORED TO EBIM #  Z29

| s

{‘ — 3.48 N
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For Emecrgency Heslth, Safety, and Environmentsl Information, call 716-722-5151

Deste of Preparstion: 11/16/87 Kodak Accession Number: 909313

AEEBEFEREBSIAINBTEN SW3s BEEOOS TOGE

SECTION 1. IRENTIFICATION

Product Sams: Tri-p-tolylamine

Synonym(s): 4-Methyl-B,B-bis(4-methylphenyl)denzensmine
Formula: C21 H21 B

Chem. Bo(s): 09313

t o8

]Intoml. Hazard Rating Codes: l- S:_1  F: ___1__ T
=% mIT BECHAEWMEEN SN 0 BB NN --——,"“
SECTTION II_ w ‘A 5
ACGIH 1 Qia
COMPOMENT(S): Percent TLY(R) CAR Reg. ¥o: -
A
Tri-p-tolylamine sa. 100 — 1159-53’-;3—1 e
=== - - =3 ’

sl

Appearsnce: White solid

Melting Point: 112 C (234 1)

Vapor Pressurs: Negligible

Evaporation Rate (n-butyl acetats = 1): Begligible
Volatile Fraction by Weight: Negligible

Specific Gravity (Weter = 1): Hot Aveilsbla

- Solubility in uWater: Negligidle

ERESSEESESNEPRENK IS I2ANES BRSNS SIS SSTSTTOSRASTAERNRNNENES AWWEE B HPNN ANTETERENEN

Plash Point: Not Applicable

Extinguishing Medis: Water spray

= Special Fire righting Procedures
apparatus and protective clothing.

- Unususl Fire and Rxplosion Hazards: Fire or excsssive heat msy produce

hazardous decomposition products. This material in sufficient quantity

and reduced particle size is capable of creating a dust explosion.

EBEESBS =2 bt

MW

Stability: Stsdla

Incompatibility: Strong oxidizers '

- Hazardous Decomposition Products: Combustion will produce carbon
dioxide and probably carbon monoxide. Oxides of nitrogen may slso de

Dry chemical; Cardon dioxide
Wesr self-contained dreasthing

- oy

present.
~ Hazardous Polymerization: Will not oecur.
RN RN AR N R TR ST ST SNSRI NN TOCSORSES ==z==3 SSVDESw
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A. EJPOSURE LIMITS: Not established.

k-2 ERTFTEBLRE

B. EXPOSURE EFrFec:s:
iphalation: Low hezard for usual industrial hendling.
Skin: Low hazard for usual industrisl handling.
Eye: No specific hazard known. Contsct may cause transient irritatiom.
ingsstion: Expectsd to be s low ingestion hazard.

C. PIRST AID:

Inhalatign: Remove to fresh air following oversxposurs.

Skin: Wash after each contact.

Ixe: Flush eyes with plenty of water.

Ingantiogn: Drink 1-2 glasses of weter. Sessk medical attention.

- B0 ame MEBNESSEEESEINCT ENSRBES BSOS RN

A. VENTILATION AND RESFIRATORY PROTECTION:
Good vemtilation should dbe sufficient. Supplementary ventilation or
respiratory protection may be nesded in special circumstances.

3

B. SKIN AND EYE PROTECTION:

Safety glasses recammended in industrisl operstiocns involving chemicals.-

If prolonged or repeatsd skin contast is necessary., gloves or other
protection may be required.

;- a;-u -~ BEMAPR NEAT SWDEREWES WS STDENBIE BE SN - aws

Kssp from contact with oxidiziag seterisls.

EORERSTURERAS -m-nmumu--mm“ BEITT DI

SECIION IX. 3PILL. LRAK, AND DISPOSAL PROCKDURRE

Swesp up material and peckage for safe feed to an incinecstor.
Dispose by incineratiom or contract with licensed chemical waste disposal

sgency. Discharge, treatment, or dispossl may de subject to federal, stats
or local laws.

The informstion contsined herein is furmished without warranty of any kind.
Users should consider these dats only ss a supplement to othar information
gathered by them snd must make independent detersinations of the suitability
snd completeness of informstion from sll sources to assure proper use and
disposal of these materisls and the safety and health of smployees and
customars.
:u-----a-na-t;---u-nu-aamaa.lmn--a--us-:--'o-cm---a---:-x:a--"

87-9059 @909313=

[ N S




