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Reverse Mutation Test of Tetrahydrothiophen 1,1-dioxide on Bacteria

BMELFYEEEERERERO—RLLT, 717k
FOF4+7zv-L1-Y4%Y Flzowd, MEsHw
BIEIREERRERS T L — MEIC Y b ER LEREOE
L T CTAN

WEEE LT, Salmonella typhimurium TA100,
TA1535, TA98, TA1537 3 X If Escherichia coli WP2
yvrAOSEHE Y, SO mixERINE L RO &4
TAL—-bMEICEY, BEREABELE0~5000 ug/ 7
- bORAETEBRBL-LEZA, TNTOBEHIZBW
THEREED NG, Lo T, BRI
59 mix SERANGAEE & UHInEER % 313 ~ 5000 pg/ 7L
— MOEETHEYERE L TEHL .

FORFR, EREEI o= -HiL, 2EORFERE D,
ByvisHEoMEHOTROHE B Td#Em
BOLhledhZ e, FrFeFusd Ty
SLI-VA %L i, AW RHBRRCBCTEREREE
L2 (fEtE) EHE s,

MFE L UERAE

& £ &)
Salmonelia typhimurium TA100
Salmonella typhimurium TA1535
Escherichia coli WP2 uvrA
Salmogella typhimurium TA98
Salmonella typhimurium TA1537
S. typhimuriom ® 4B X 1975E 10317 A1)
AERE, HV T M2 TREOB. N AmesELH 6
FEEET I
E. coli WP2 uvrA #5213 19794E5 A 9 B W BB {550
RANEHERELP LS5 EIT.

HSER I -S0CU T CREEREL b O 2 v, RER

LT, ==2—FY Ly 70 ANo. 2(0xoid) % A
N LERRBEEICRE LBy —sR1EEL, 37T
TIOBMEHERL SERLLLOPBREEBEE L

(#5840 E)
FrPIEFOFL+ T 2 r-1,1-VF 52 F(CAS No.
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Table 1. Mutagenicity of tetrahydrothiophene 1,1-dioxide™* in reverse mutation test (1) on bacteria
With (+}or | Test substance Number of revertants (number of colonies/plate, Mean £ 5.D.)
without (~) dose Base-pair substitution type Frameshift type
S9 mix {ug/plate) TALQO TA1535 WP2 uvrA TA98 TA1537
0 9 83 89 13 16 17 20 22 24 23 28 21 9 10 10
: ( 89+ 1.0) ( 13x 3.5) ( 22+ 20) (23t 2.0) { 10+ 0.6)
313 124 107 103 10 8 25 35 36 22 14 27 11 7 8
(111+11.2) {11+ 31§ ( 32+ 6.1) ( 21+ 6.6 { o+ 21
625 103 131 120 15 10 13 6 33 27 21 16 15 9 1 6
(118314.1) {13+ 25) ( 32+ 4.6) { 17+ 3.2) ( ot 25)
1250 109 118 97 7 13 15 27 23 31 15 18 22 8 7 12
(108+£10.5) {12+ 42) ( 27+ 4.0) ( 18t 3.5) ( ot 26)
SOmix 2500 87 142 124 9 10 13 27 27T 23 2 19 15 6 6 11
(118:28.00 |- {11+ 2.1) ( 26t 2.3} { 20 5.6) ( 829
=) 5000 109 123 16 9 12 g 23 28 28 24 26 15 9 10 9
(113t 9.1) {102 17 { 26+ 2.9 ( 224 59) ( ot 06)
0 134 135 129 g 16 18 36 28 24 30 3 38 15 12 10
(133 3.2) ( 14+ 4.7) ( 20 6.3) (33% 4.2) ( 12+ 2.5
313 95 8 117 7 10 10 42 35 35 446 40 33 8 10 16
( 99+164) ( 9+ 1.7) ( 37+ 4.0) ( 40 6.5) ( 11+ 4.2)
625 134 134 110 13 1 12 39 38 31 33 38 33 18 20 18
(126:£13.9) ( 124+ 1.0) ( 36+ 4.4) ( 36 2.9) ( 19+ 1.2)
1250 114 131 119 14 14 13 27 19 24 34 31 25 16 8 14
(1214 8.7 ( 14+ 0.6) { 23+ 4.0) ( 30+ 4.6) ( 13+ 4.2)
SOmix 2500 122 127 189 5 13 5 28 28 30 30 33 42 4 12 14
(13620.1} { 8t 46} ( 29+ 1.2) ( 35+ 6.2) ( 12+ 1.2)
+ 5000 149 136 128 1w 1 17 19 17 23 30 3% 30 12 10 Ui
(138+10.6) ( 14t 38} { 20+ 3.1) ( 32+ 3.5) { 12+ 2.0
Positive Chemieal AF2 SA AR2 AF2 QAA
control [Doselug/plate) 0.01 0.5 0.01 0.1 80
59 mix{-) | Number of 868 870 838 | 193 193 206 | 122 209 194 | 735 788 820 |1767 2148 2578
colonies/plate (858+20.5) (1874 7.5) (175::46.5) (781::42.9) (2164405.7)
Positive Chemical 20A 2AA 2AA 2AA 204
control [Dose(pug/plate} 1 2 10 05 2
S9mix(+) | Numberof [1370 1381 1280 | 298 281 284 (1243 1223 1506 | 337 335 335 | 287 280 283
colonies/plate {1347+40.7) (291+ 8.9) {1324+:157.9 (336 1.2} (283 3.5)
AF2:2-(2-Furyl}-3- (5-nitro-2-furyi) acrylamide, SA: Sodium azide, 9AA :S-Amincacridine, 2AA ! 2-Aminoanthracene
*: Purity was above 99.9% and water (below 0.1 %) was contained as impurity.
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Mutagenicity of tetrahydrothiophene 1,1-dioxide®* in reverse mutation test {I) on bacteria

Table 2.
With(+)or | Test substance Number of revertants (number of colonies/plate, Mean = 5.D.)
without (-) dose Base-pair substitution type Frameshift type
S9 mix . (,ug/platé) TAILQO TALB3S WP2 uvrA TAQY TALS37
0 112 123 125 11 18 16 17 18 33 22 24 32 12 7 ]
{120+ 7.0) { 15% 38) { 23+ 9.0 { 26x 53) { 9k 26)
313 131 127 156 15 17 17 23 31 32 21 14 23 g 17 5
(13815.7) { 162 1.2 { 7204 49) (19 47) {10+ 6.1)
625 137 130 128 18 16 25 29 24 22 21 19 22 12 8 10
{122+ 4D {20+ 4.7) { 25t 36) ( 214 15) { 10 20)
1260 105 132 129 20 16 15 23 22 18 w2 11 15 6
(122+14.8) { 17x 26) ( 21% 26) {26 L7 { 11% 48)
S9mix 2500 137 145 3133 8 18 12 28 20 23 B 21 20 14 g i
{138+ 6.1) { 13L 46) { 24+ 4.0) { 264:10.1) { 12+ 29)
(=2 5000 156 129 123 25 20 15 28 17 28 27 23 31 17 12 5
{136+:17.6) { 20£ 50 { 244 6A4) { 27 40) { 11 6.0}
0 148 120 141 15 12 21 16 25 25 3% 3 20 15 14 17
{136:14.6} { 16 4.6) { 22+ 5.2) { 31:10.0) { 15 1.5
313 127 137 46| 22 26 14| 30 30 25 42 31 39| 12 20 20
(137 9.5} (21 6.1) { 28+ 2.9) { 37x 57) {17+ 45)
625 137 146 133 |.15 10 16 24 29 25 20 38 42 14 18 18
{139+ 0.7} { 14k 32) ( 26x 2.6) { 36+ 6.7) {17 2.3
1250 137 142 143 17 16 19 33 25 26 % 35 27 20 19 13
{141z 3.2) ( 17= 15} { 28+ 4.4) { 29% 49 { 17+ 38y}
S9mix 2500 138 172 166 17 15 18 29 22 22 33 39 29 23 25 15
{159+ 18.1) ( 17+ 15) { 24x 40) { 35% 35) { 21+ 53}
(- 5000 134 132 159 23 17 1% 19 22 28 47 30 36 g 16 13
(142 15.0) { 20% 3.1} { 23 48) { 33+ 3.6) { 13t 35
Positive Chemical AF2 SA AF2 AF2 9AA
control  [Dose (ug/plate) 0.01 0.5 0.01 0.1 80
S9mix(-) { Number of 728 781 743 | 207 153 128 85 81l 91| 767 780 762 | 908 890 965
colonies/plate (751+27.3) (163404} { 86+ 5.0} (770+ 9.3) {921::39.2)
Positive Chemical 284 204 2AA 2AA ZAA
contrel [Dose(pg/plate) 1 2 10 0.5 2
S9mix(-+) | Numberof [1228 1435 1405 | 184 198 197 |1211 1206 1206 | 340 323 300 | 204 192 221
colonies/plate (1357+112.8) {193+ 7.8) (1238+50.6) (324+15.5) (206 14.6)

AF2:2-(2-Furyl)-3- (S-nitro-2-furyl) acryiamide, SA:Sodium azide, S9AAT 9-Aminoacridine, 2A%; 2-Aminoanthracene
**: Purity was above 99.9% and water (below 0.1%) was contained as impurity. ’
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In Vitro Chromosomal Aberration Test of
Tetrahydrothiophene 1,1-dioxide on Cultured Chinese Hamster Cells
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LEEE LS
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1. {HH L *#k2

V—F - 3y =R 2 (JCRB) 226 AF (19884
2R, AT a4, HELRMR)LAFy M=
A NLAF—HENCHL/IUARE, fEHREMHL L0
U TRERIC R,

2. BEEHDRY
B, FEIEM#E(FCS | Biocell) % 10%:00 L
724 — IV MEM (B ABLEE0) ) sl e v/,

3. HEEM

2X 10 MO CHL/IUMBL %2, BEHES mi 2 ANLT
4 v 32 {6 cm, Corning) iZ# %, 37CHCO, 7 > &
2= (5% CO,) N THAE L 7-. EHMETH, M
RSO H I HER B LN A, 24FpM S L P48

BL:, i, EEEARTE, MEEBEIIEIZSY
MixFEFTELUEFETCOREAEL, REETH
Bl i ¢ 8 & (T ISR L -,

4, WHEME

FrFEFOFF T er-11-TFFS P
THTD, CAS No.:126-33-0, & v &S : 8050074, #f
HAR{CERELE, ) AR{LETERSRM) X, 25CIC
B TEBEMET, K LTHE, HHEREIAEC
HLTLHET, Ma28T, #HE287C, F%
CH0,8, 5F&120.16, #iBE09.9% Ll L Rflith & LT
AET01%B LT ) OBETH 5.

WERMEERGEETH Y, Fia REHNK) T,
3.0~50.0 mg/ml DL TIRRMEECH - 7.

5. #shE RN

WEMEOREE, FHODETok. EEILENH
RURAEBETS ) v, BEHRETERCBERLT
EzHEL, 2WERRPEETEAERL CHED
IREOWEBMHRE WL EM L. B EIRRL,
FTATORBIIBCRERBROLOS W/ VICEB LS
Mz, REfREREBRICHC - EER T RE ORE
12, HFESHEAN(SEPTOEHEEINEINE D 0.0~
110%) DAETH - 7=, & BBREOTIHICONT, fER
HiIfThEh o7z

6, MiiETEIIHIGERIC L S NITIRE DRE _

REGREHBICH LR EONBEE + e S
Hicd, HERMHEOMBMSE I RITTEEEHIL. #
Bt & o CHL/LUMIRR IS 3 2 BFEHpHIER 12, Bigs
EMEEER (Monocellater™, 7 Vot A%Z T #
) FAWTRFOMIBEELENIL, #HEpEHLERED
S BRI AMRMEEOILE b - THHEL L.

EOER, EHE0E, SRENEE b, BEL LT
ST DEEFREFATE0% % 501082 b IEREHIRIER I
FhH N d ot (Fig. 1).

7. ERBONTE

MR FEMSIERORER L Y, SAAEEHABTHY
AYBMEOEEREE S, SEAE, SHM0EE D
1.2 mg/mi{l0 mM} & L, FLFNLBEEFRDL/20E
BadBE, /MAOBELEEEL Lo BB E
ELTHRWwE<L Fv1 3y C(MC, BAnBERE T3
BLUy7ukA 77 3 F(CPA, Sigma Chemical Co.)
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Fig. 1 Growth inhibition of CHL/IU cells treated with
tetrahydrothiophene 1,1-dioxide
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B (MMS) 582" 1L A THEEICETTITY, 4
FR BB WTREFEBOE Y v 7, U, ThAE LD
s RE DOF R L EEEHE (polyploid) DFEIZDOW
TEHELA., $EEREICoVnTITIHE004E, Fik
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Table 1  Chromosome analysis of Chinese.hamster celis (CHL/IU) continuously treated with tetrahydrothiophene
1,1-dioxide (THTD}* without $9 mix

Concen- Timeof  No.of No. of structural aberrations No. of cells
Group tration exposure  cells Others? with aberrations Polyploig? Trend test®
{mg/mi) {(h) analysed gap ctb cte csh cse mul® toral TAG (%) TA (%) (%) SA NA
Control 200 i 1 0 0 0 2 0 2{w0 1005 013
Solvent 0 24 200 g ¢ 0 0 1 0 1 1 1(05 1(05 025
THTD 0.30 24 200 1 0 0 0 0 0 1 0 1{05 000 0.13
THTD 060 24 200 0.1 0 0 1 0 2 0 2(10) 2(10 013 NT NT
THTD 1.2 24 200 1 0 0 0 0 0 1 0 1005 0000 0.63
MC 0.00005 24 200 10 67 140 0 1 0 218 0 119 {59.5) 116 (58.0) 0.00
Solvent” 0 48 200 i 01 2 o0 0 4 0 3{(19) 2(10)0 050
THTD 0.30 48 200 ¢ 0 0 0 0o 0, 0 0 0(00) 0(00 000
THTD 0.60 48 200 0 0 0 0 0 0 0 0 0¢(00) 0(00) 000 NT NT
THTD 1.2 48 200 I 0 0 0 0 0 1 0 1{03 0(00 025
MC 0.00005 48 - 200 9 8 200 1 10 90 39 9 138 (600} 138 (60.0) (.38

Abbreviations gap:chromatid gap and chromosome gap, cth'chromatid break, cte:chromatid exchange, csh:chromosome break,

cse chromasome exchange {dicentric and ring ete.}, mul; multiple aberrations, TAG :total no. of cells with sberrations, TAtotal no, of cells
with aberrations except gap, SA;structural aberration, NA numerical aberration, MC . mitomycin C, NT ! not tested.

1} Water for injection was used as solvent. 2) More than ten aberrations in a cell were scored as 10.  3) Others, such as attenuation and
premature chromosome condensation, were excluded from the no. of structurai aberrations. 4} Eight hundred cells were analysed in each
group. 5 Cochran - Armitage's trend test was done at p<0.05 when the incidence of TAG and polyploid in the treatment groups was
significantly defferent from historical solvent contrel at p<0.05 by Fisher's exact test, *:Purity was more than 99.9%, and water was
contained (£0.1%).

Table2  Chromosome analysis of Chinese hamster cells (CHL/IU) treated with tetrahydrothiophene 1,1-
dioxide (THTD) * with and without S9 mix

Concen- 59 Timeof No.of No. of structural aberrations No, of cells
Group  tration mix exposure cells Others® _ with gherrations _ Polyploid® Trend test®
(mg/mt) (k). analysed gap ctb cte csb cse mul® total TAG (%) TA (%) {%) SA NA
Control 200 2 0 1 0 0 0 3 0 3(15) 1(05 063
Solvent” 0 - 6-(i8) 200 6. 6 0 0o 0O 0 0 0 00(00) 0 (00 000
THTD 030 - 6-(i8) 200 1 ¢ ¢ ¢ o0 ¢ 1 0 1(05 G (00 013
THTD 060 - 6-(13) 200 1 1 0 0 0 0 2 0 2010 1(05 025 NT NT
THTD 1.2 - 6-(18) 200 0 0 0 0 0 O 0 0 0(00) 0 (00 0.63
CPA 0.005 - 6-(18) 200 1 ¢ 1 ¢ 0 0 2 0 20100 1(05) 0.50
Solvent? 0 +  6-(18) 200 1 1 1 0 0 ©0 3 ] 3(18 2(10) 063
THTD 030 +  6-(18) 00 1 1 0 o O 0 2 0 2(10y 1(05 038
THTD 0.60 +  6-(18) 200 0O 0 0 0 1 0 1 0 1(05 1(058) .13 NT NT
. THTD 12 +  6-(18) 200 2 3 3 0 0 0 8 0 3(18 1{05 000
CPA 0.005 +  6-(18) 200 2 161 311 0 4 440 918 0 186 (93.0) 186 (93.0  0.00

Abbreviations:gap:chromatid gap and chromosome gap, ctb:chromatid break, cte:chromatid exchange, csh’chromosome break,
cse:chromosome exchange (dicentric and ring etc.), mul:multiple aberrations, TAG total no. of cells with aberrations, TA total no. of cells
with aberrations except gap, SAstructural aberration, MA : numerical aberration, CPA: cyclophosphamide, NT:not tested.

1) Water for injection was used as solveni. 2) More than ten aberrations in a cell were scored as 10.  3) Others, such as attenuation and
premature chromosome condensation, were excluded from the no. of structural aberrations.  4) Eight hundred cells were analysed in each
group. 5) Cochran - Armitage’s trend test was done at p<0.05 when the incidence of TAG and pelyploid in the treatment groups was
significantly different from historical solvent control at p<0.05 by Fisher's exact test. *:Purity was more than $9.9%, and water was
contained (=0.1%).

453

179




SIAM 19, 19-22 October 2004 JP/ICCA

SIDS INITIAL ASSESSMENT PROFILE

CAS No. 126-33-0
Chemical Name Tetrahydrothiophene 1,1-dioxide
Structural Formula ' : :

SUMMARY CONCLUSIONS OF THE S1IAR
Human Health

In rats dosed intravenously at 500 mgfkg, 28%, 36% and 37% of the dose was excreted unchanged between days (-2,
0-4 and 0-7, respectively. At 1000 mg/kg, 50% and 67.2% of the dose was excreted unchanged between days 0-2 and
0-4, respectively, The observation that the proportion of the dose recovered increased with dosage suggests that the
metabolic pathway is saturable. In rabbits, dogs and squirrel monkeys given a single iv injection, this chemical was
rapidly distributed throughout the body and was slowly removed from plasma with a half-life of 3.5-5 hours. One
major metabolite with 85% of the urinary radioactivity was found in male rats injected intraperitoneally with this
chemical. In a follow up study, the metabolite was identified as 3-hydroxysulfolane in the urine of rabbits injected
intraperitoneally with this chemical.

LDs, values by gavage [OECD TG 4017 were 2006 mg/kg (males) and 2130 mg/kg (females) in rats. Dermal EDg, in
male and female rats was greater than 2000 mg/kg [84/445/EEC, B3]. Inhalation L.Csy in male and female rats(four
hours) was greater than 12,000 mg/m®. Acute behavioural studies in rats indicated that hypothermia contributed to the
behavioural effect of an interperitoneal injection of 800 mg/kg of sulfolane. Rabbits became hyperthermic, at 28°C,
upon subcutaneous injection of 600 mg/kg sulfolane.

The chemical is not irritating to guinea pig and rabbit skin or to rabbit eyes. The chemical was not sensitising (0/20}
in a guinea pig maximisation test [84/449/EEC, B6].

In a 28 day repeat dose toxicity study [Japanese TG] conducted under GLP, male and female rats were dosed by
gavage with this chemical at 0, 60, 200 and 700 mg/kg/day. At 700 mg/kg some females showed transient reduction in
locomotor activity during the early administration period. Bodyweight gain and food consumption at this dose were
decreased in both males and females. Blood chemistry revealed increases in cholinesterase activity and total bilirubin
levels in males and GPT in females and decreases of chloride levels in males and glucose levels in females.
Histopathological examination in males dosed at 700 and 200 mg/kg/day revealed increases of hyaline droplets and
eosinophilic bodies in the renal tubules which was accompanied by an increase in relative kidney weight. There was a
decrease of spienic weight in females at 700 mg/kg/day, but no histological abnormalities were detected. No changes
considered to be attributable to sulfolane were observed on urinary and haematological examinations at any dose.
Kidney lesions tended to recover and the other changes related to the chemical disappeared after a 14 day recovery
period. The NOAEL was 60 mgfkg/day for male rats and 200 mg/kg/day for female rats. '

The chemical was not mutagenic in bacteria [OECD TG 471 and 4721 and did not induce chromosome aberrations in
mamumnalian cells in vitro {OECD TG 473] either with or without metabolic activation.

In a reproduction/developmental toxicity screening test JOECD 421]) rats were dosed at 0, 60, 200, or 700 mg/kg/day

This document may only be reproduced integrally. The conclusions and recommendations (and their rationale) in this
document are intended to be mutually supportive, and should be understood and interpreted together.
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by gavage for 41 to 50 days from 14 days prior to mating to day 3 of lactation. Some mortality occured in the high-
dose group. There was a decrease in body weight gain and food consumption of males and females during the pre-
mating peried, at 700 mg/kg. The number of oestrus cycles was decreased in the 700 mg/kg group. Four dams lost all
their pups during the lactation period in the 700 mg/kg group. Birth index, live index, number of pups on days 1 and
4 of lactation, viability index and body weights of pups of both sexes on days 0 and 4 of lactation decreased, and the
number of still births increased in the 700 mgrkg group., Birth index and the number of pups on day 0 and 4 of
lactation decreased in the 200 mg/kg group. The NOAEL for reproductive and developmental toxicity was 60
mg/kg/day. There were no treatment-related findings in the external appearance, general conditions and necropsy
findings in offspring. .

Environment

The chemical has a log Pow of —0.77, a vapour pressure of 0.0083 hPa at 20°C and a water solubility of greater than
100 g/1. Fugacity model Mackay level III calculations suggest that the chemical will distribute almost completely to
water if released to the aquatic compartment and equally to soil and water if released into air or soil separately or
simultaneously to all three compartments.. The chemical is not readily biodegradable (10% after 14 days), and is
hydrolytically stable (t1/2 greater than 1 year at pH 4, 7 and 9, 25°C). It can be biodegraded after acclimatisation of
activated sludge and by a variety of bacterial cultures, and may be substantially biodegradable. Inorganic sulphate
has been identified as the final degradation product of sulfolane metabolism. The chemical has been shown to have
low potential for bicaccumulation, Indirect photo-oxidation by hydroxy radicals is predicted to occur with a half-life
estimated at 9.7 h (calculated using AOPWIN rate constant, 1.328 x 10" cm*/molecule/sec).

In an acute fish toxicity study [OECD TG 203, Oryzias latipes] a 96-hLCsp > 100 mg/l was reported. In Daphmia
magwra [OECD TG 202], an acute toxicity value of 48h ECsp = 852 mg/l was reported. The results in algae [OECD
201] were an E,Cs, (72h) >1000 mg/LE,C50 = 500mg/ 1 and a NOEC, (72 h) = 556 mg/l, NOEC, = 171 mg/l. The
chronic toxicity to Daphnia magna [OECD 211] was a NOEC {(21d, reproduction) of 25 mg/l and an LCs, (214,
parental) > 100 mg/l.

In a study to determine plant toxicity [Environment Canada protocol, lettuce (Lactuca sativa), carrot (Dawucus
carota), alfalfa (Medicago sativa) and timothy (Phleum pratense)] it was determined that plants were generaily most
sensitive to sulfolane in till and least sensitive in loam. A five day seed germination/root elongation test conducted
using lettuce (Lactuca sativa) reported NOEC values of 290 mgkg (root elongation) and 570 mgkg (seed
germination)} for lettuce grown in fine-textured soil.

Exposure

Production of the chemical during 2003 was 1100 t/year in Japan. Global production in 2003 was approximately
13,300 t/year. Geographically, production was divided between sites in the Americas (35-45%), Asia (20-30%) and
Europe/Africa (35-45%).

The major use of Sulfolane is as a solvent for extraction of aromatic hydrocarbons from oil refinery streams and acid
gas purification. These uses account for approximately 80% of production. A number of minor uses {accounting for
20% of production) include fractionation of wood tars, tall oil and other fatty acids, electronic applications, textile
manufacturing and finishing, as a plasticizer and as a selvent in pharmaceutical manufacturing, Other uses mentioned
in the literature include solvent for jet printing inks, a component of hydraulic fluid, a curing agent for epoxy resins
and medicinal application {although this latter application is thought to exist in the patent literature only).

Monitoring studies performed in the vicinity of gas processing facilities in Canada have shown that environmental
release of sulfolane during its use in these facilities is possible. Sulfolane was detected in soil, bedrock and shallow

till aquifers, wetlands and creeks near these facilities. It was also detected in wetland vegetation.

There is low potential for exposure to workers during production of the chemical. It is manufactured in a closed

This document may only be reproduced integrally. The conclusions and recommendations (and their rationale) in this
document are intended to be mutually supportive, and should be understood and interpreted together.
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system and transferred directly from the reactors into storage tanks. There is potential exposure to workers during
drum filling. This operation is performed on 16 days per year for 7 hours each day. The concentration of sulfolane
close to the drums has been measured at 0.2 ppm. There is potential exposure to workers at user sites. Since the
predominant use of sulfolane is as a solvent in commercial exiraction processes there is little potential for direct
consumer exposure, however there is a potential for indirect human exposure via drinking water and food crops in
areas surrounding processing plants.

RECOMMENDATION AND RATIONALE FOR THE RECOMMENDATION AND NATURE
OF FURTHER WORK RECOMMENDED

Human health: The chemical is a candidate for further work. The chemical possesses properties indicating a hazard
for human health (reproductive and developmental toxicity). Based on data presented by the Sponsor country worker
exposure in sites manufacturing the chemical is controlled. No information is available for occupational exposure in
industries using the chemical nor for indirect human exposure via drinking water and food crops in areas surrounding
processing plants. It is therefore recommended that member countries perform an exposure assessment for industrial
users and indirect human exposure, and if then indicated, risk assessments be performed.

Environment: The chemical is currently of low priority for further work because of its low hazard potential.

This document may only be reproduced integrally. The conclusions and recommendations {and their rationale) in this
document are intended to be mutually supportive, and should be understood and interpreted together.
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3 HUMAN HEALTH HAZARDS
3.1 Effects on Human Health

3.1.1 Toxicokinetics, Metabolism and Distribution

Studies in Animals

In vivo Studies

Groups of 3 male rats were dosed intravenously at 500 or 1000 mg/kg with non-radiolabelled
sulfolane and the amount of sulfolane excreted unchanged in the urine was measured for 7 days
after administration using gas-liquid chromatography. At 500 mg/kg, 28%, 36% and 37% of the
dose was excreted unchanged between days 0-2, 0-4 and 0-7, respectively. At 1000 mg/kg, 50% and
67.2% of the dose was excreted unchanged between days 0-2 and 0-4, respectively. The observation
that the proportion of the dose recovered increased with dosage suggests that the metabolic pathway
is saturable. In a follow up to this study, blood-sulfolane decay curves were obtained following
intravenous injections of sulfolane to a single rabbit, dog and squirrel monkey, Sulfolane was
rapidly distributed throughout the animals and being slowly removed from plasma with a halflife
of 3.5-5 hours (Andersen, 1976). No information is given on which tissues sulfolane distributes to
in this study.

In a second study 3 male Wistar rats were injected intraperitoneally with **S-suifolane (100 mg/rat
in 2 ml water) and the 24 hour urinary samples analysed. One major metabolite was found,
constituting 85% of the urinary radioactivity. Subsequently, 3 rabbits were injected intraperitoneally
with a mixture of unlabelled sulfolane (1g) and »3-sulfolane (100 mg) and the urine samples
collected and extracted with chloroform. The metabolite was identified as 3-hydroxysulfolane
(Roberts, 1961),

3.1.2  Acute Toxicity

Studies in Animals

Inhalation

There is one reliable study reported. Andersen et al (1977) examined the acute inhalation toxicity
of sulfolane. No rats died after 4 hours exposure to sulfolane at 12,000 mg/m’ (the highest
concentration that could be maintained as a stable aerosol) or during a subsequent 2-week
observation period. Exposures at these high concentrations were continued until all all rats died. It
was calculated that a mean survival time of 24 hours would be observed in atmospheres containing
4700 mg/m® of sulfolane. In a second experiment, nine rats were exposed to sulfolane at a
concentration of 3600 mg/m’ for 17.5 hours (when all the rats had convulsed and were in extremis).
Significant decreases in white blood cell counts were observed, but haemocrit and haemoglobin
were unchanged. At necropsy, all rats exhibited varying degrees of pulmonary haemorrhage. In a
third experiment, two squirrel monkeys exposed to 4850 mg/m3 vomited and convulsed during
exposure and were sacrificed after 18.5 hours. Both had a greater than 25% decrease in white blood
cells and a greater than 15% reduction in haemoglobin and haematocrit. Once again, pulmonary
haemorrhage was evident. The LCsq (4h, rat) was > 12,000 mg/m’.

Table 3 Acute inhalation toxicity to experimental animals
Species | Exposure time | Result Reference
Rat 41 1.Cs0>12 000 mg/m’ (combined) (Andersen et al.,
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Rat 175k Total mortality: 1977)
LCs, <3600 mg/m’ (males)

Meonkey | 18.5h Total mortality: :
LCs, <4850 mg/m’ (males)

Dermal

There are four acute dermal toxicity studies, one of which is considered reliable. In this study,
conducted to GLP [Directive 84/449/EEC, B3], sulfolane was applied direcily to the intact skin of 5

male and 5 female rats at a dose of 2000 mg/kg and covered with an occlusive dressing for 24 hours.

There were no deaths or signs of systemic toxicity during the 14-day observation period and no
macroscopic changes were apparent at necropsy (Gardner, 1993). The LDs, was > 2000 mg/kg.

Oral

There are 10 acute oral toxicity studies. In a reliable study [OECD TG 401, GLP] male and female
rats (5 animals of each sex per dose) were dosed by gavage at doses of 0, 892, 1204, 1626, 2191,
2963 and 4000 mg/kg. Clinical signs of convulsion as well as decreased locomotion activity, ptosis,

salivation, piloerection, chromodacryorrhea and perineal region soiling with urine were observed in

the treated groups. Body weights of the treated animals were lower than those of the control group
on the day after dosing. All deaths occurred on the day of dosing at doses of 2195 mg/kg and above.
Dead animals showed haemorrhagic black spots in their glandular stomach mucosa. The LDs, was
2006 mg/kg (males) and 2130 mg/kg (females) (MHW Japan, 1996a).

In a second reliable study [Directive 84/449/EEC, B1, GLP] male and female rats (5 animals of
each sex per dose) were dosed by gavage at 1600, 2240 and 3136 mg/kg. Deaths occurred from two
hours after dosing until Day 2 among rats treated at the intermediate and high dose levels. Clinical
signs included fasciculation, tremor, twitching, splayed gait, hunched posture, piloerection,
unkempt appearance and yellow staining of the anogenital fur. Convulsions and salivation
developed among the rats dosed at 2240 and 3136 mg/kg. Isolated cases of hypersensitivity to
stimuli, hyperactivity, lethargy, hypothermia, diarrhoea, lachrymation, pallor of the eyes and blood
around the mouth were also observed. Onset of the principal clinical signs was generally apparent
within four hours of dosing. All surviving rats had gained weight relative to their Day 1
bodyweights by the end of the of the 14 day observation period. Necropsy findings amongst the
decedents were lung congestion, exaggerated lobular pattern or dark patches on the liver, darkening
of the spleen or kidneys and abnormal contents (colourless liquid or gaseous) of the gastrointestinal
tract, especially the stomach and small intestine. Rats killed at completion of the observation period
showed no macroscopic changes other than a single case of hepatic pallor. The LDsy was 2489
mg/kg (males), 2324 mg/kg (females) and 2473 mg/kg (combined) (Gardner, 1993).

In a third reliable study male and females rats (5 animals of each sex per dose) were dosed by
gavage at 0, 1000, 1500, 2000, 3000 and 5000 mg/kg (males) and 0, 1000, 2000, 2500, 3000 and
3000 mg/kg (females). One male and five females dosed at 1000 mg/kg and four males dosed at
1500 mg/kg appeared normal from normal to termination. Clinical signs noted in the remaining
animals included depression, slight depression, rough coat, salivation, hunched appearance, tremors,
ataxia, urine stains, soft faeces and red stains on the nose and/or eyes. All surviving rats that
showed clinical signs appeared normal by Day 3 through to termination of the study. All surviving
rats gained weight relative to their Day 1 bodyweights. No gross pathological findings were
observed in rats surviving to termination. Alterations of the stomach and/or intestines were the most
common findings amongst animals that died. These alterations included compound like material,
dark red material, reddish fluid or yellowish fluid in the stomach and/or intestines. Findings in the
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lung and liver were noted at the 5000 mg dose only. The LDso was 2739 mg/kg (males), 2108
mg/kg (females) and 2363 mg/kg (combined) (Phillips Petroleum Company, 1983a)

Table 4 Acute oral toxicity in experimental animals
Species LDso Reference
Rat 2006 (males); 2130 mg/kg (females) (MHW Japan, 1996a)
Rat 2489 (males); 2324 (females); 2473 mg/kg (combined) | (Gardner, 1993)
Rat 2739 (males); 2108 (females); 2363 mg/kg (combined) | (Phillips Petroleum
Company, 1983a)

Other Routes of Exposure

‘Ruppert and Dyer (1985) studied the influence of hypothermia on the acute behavioural toxicity of

sulfolane. Adult male rats (Long-Evans), 10 per group, received a single interperitoneal injection of
saline, 200, 400 or 800 mg/kg sulfolane. Separate groups of rats at each dose were housed in rooms
maintained at 32.3+0.7°C (warm ambient temperature) or 20.8+0.2°C (cool ambient temperature).
Motor activity was assessed in figure of eight mazes one hour after dosing. Immediately after
testing (one hour), body temperatures were recorded.

At the cool ambient temperature, the body temperature of rats receiving 400 and 800 mg/kg was
lower than that of the controls. At the warm ambient temperature, hypothermia in the rats receiving
400 and 800 mg/kg was attenuated, if not prevented. One animal receiving 800 mg/kg at the warm
ambient temperature died during testing. At both ambient temperatures, 400 and 800 mg/kg
sulfolane produced a decrease in motor activity. At the cool ambient temperature, 800 mg/kg
sulfolane produced a decrease in movement throughout the maze. It was concluded that a
behavioural change could be detected at sublethal dosages of sulfolane in the absence of
hypothermia.

Another similar study was conducted by Mohler and Gordon (1988) to investigate the
thermoregulatory responses of the rabbit. Nine male rabbits were subcutaneously injected with O,
100, 200, 400, 600 and 750 mg/kg sulfolane at an ambient temperature of 10°C. This caused a
dose-dependent decrease in colonic temperature of the rabbits. Metabolic rate remained unchanged
during the initial phase of the hypothermia for all dose groups; but peripheral vasodilation, as
indicated by an increase in ear skin temperature, was seen at the higher dose levels. The highest
doses of sulfolane caused behavioural deficits in the rabbits. Two to three hours after exposure to
600 mg/kg sulfolane, when the rabbits were removed from the environmental chamber and first
observed, the animals exhibited a slight posiural tremor similar to shivering. Both rabbits receiving
750 mg/kg sulfolane exhibited tonic seizures characterised by gross muscle contraction, forceful
urination, and some vocalisation. These episodes were followed by exhaustion, panting, loss of
postural control, and near catatonia. All rabbits in these experiments survived the sulfolane
exposure, even at the highest dose levels. Seven male rats were subcutaneously injected with 600
mg/kg sulfolane at ambient temperatures of 10, 20 and 28°C. At ambient temperatures of 10 and
20°C there was a significant decrease in colonic temperature, however metabolic rate did not
change significantly prior to or during peak hypothermia. At an ambient temperature of 28°C, there
was a significant increase in colonic temperature and metabolic rate following administration of
sulfolane.
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Conclusion

The oral LDs, (rat) was 2006 mg/kg (males) and 2130 mg/kg (females) [OECD TG 401]. The
dermal LDsp (rat) was > 2000 mg/kg [Directive 84/449/EEC, B3]. The inhalation LCs (4h, rat)
was > 12,000 mg/m’,

Acute behavioural studies indicated hypothermia contributed to the behavioural effect of 800 mg/kg

sulfolane in rats, however, the rabbits became hyperthermic, at 28°C, upon injection of 600 mg/kg
sulfolane.

3.1.3 Irritation

Skin Irritation
Studies in Animals

In a reliable study (Brown et al., 1966} undiluted sulfolane (1 ml) was applied to the shaved backs
of 4 male and 4 female rabbits on 3 consecutive days and covered with an occlusive bandage for 6
hours each day. The final visual assessment was made on day 7. No signs of skin irritation were
observed in any of the rabbits used. Histopathological examination of the skins taken post mortem
revealed no evidence of skin damage.

Brown et al. (1966) also applied undiluted sulfolane (0.5 ml) daily, five days per week for four and
a half weeks to the shaved backs of 10 guinea pigs. Application areas were left uncovered during
the test. In findings similar to those in the rabbit, no signs of skin irritation were observed.
Histopathological examination of the skins taken post mortem revealed no evidence of skin damage.

Eye Irritation
Studies in Animals

In a reliable study [US Federal Register 29 FR 13009] undiluted sulfolane (0.2 ml) was instilled

into the right eyes of rabbits. Only a mild conjunctivitis was produced, which cleared within a few
hours (Brown et al., 1966).

Conclusion

Sulfolane is not considered to be a skin or eye irritant.

3.1.4  Sensitisation

Studies in Animals

Skin

There are 3 sensitisation studies, one of which is reliable. In a guinea pig maximisation test
{Directive 84/449/EEC, B6, GLP] a group of 10 male and 10 female guinea pigs were induced
intradermally using 2% m/v sulfolane in water/Freunds Complete Adjuvant followed a week later
by topical induction using undiluted sulfolane (0.3 ml) which was applied over the sites of the
intradermal injections and covered occlusively for 48 hours. Challenge was carried out 3 weeks
after the intradermal induction. Undiluted sulfolane (0.1ml) was applied to the shaven backs of the
test animals and covered with occlusive tape for 24 hours. Dermal reaction to the challenge was
assessed after removal of the bandages and at 24 hours and 48 hours after challenge. None of the
test animals showed any positive response -at either 24 or 48 hours after removal of the challenge

patches and therefore sulfolane is not considered to be a skin sensitiser in guinea pigs (Gardner,
1993}

12
186




OECD SIDS [TETRAHYDROTHIOPHENE-1, 1-DIOXIDE]

Conclusion

Sulfolane is not considered to be a skin sensitiser in guinea pigs.

3.1.5 Repeated Dose Toxicity

There are 8 studies for repeat dose inhalation toxicity and one study for repeat dose oral toxicity.
None of the inhalation studies are considered to be reliable due to the non-standard test methods
used. The oral study is considered to be reliable.

Studies in Animals
Oral

In a 28 day repeat dose toxicity study [Japanese TG] conducted to GLP (MHW Japan, 1996b) male
and female rats were administered doses of 0, 60, 200 and 700 mg/kg/day of the chemical by
gavage. There were 12 animals per dose for the group at 60, 200 mg/kg/day and 24 per dose for the
group at 0, 700 mg/kg/day. The recovery period was 14 days.

At 700 mg/kg some females showed transient reduction of locomotor activity at the early stage of
the administration period. Bodyweight gain and food consumption at this dose were decreased in
both males and females. Blood chemistry revealed increases in cholinesterase and total bilirubin in
males and GPT in females and decreases of chloride in males and glucose in females. Pathological
examination revealed increases of hyaline droplets and eosinophilic bodies in the renal tubules and
an increase in the relative weight of the kidney in males. There was a decrease of splenic weight in
females, but no histological abnormalities were detected.

At 200 mg/kg pathological examination revealed increases of hyaline droplets and eosinophilic
bodies in the renal tubules of males. :

No changes considered to be attributable to sulfolane were observed on urinary and haematological
examinations at any dose. Kidney lesions tended to recover and the other changes related to the
chemical disappeared after a 14 day recovery period. The NOAEL is considered to be 60
mg/kg/day for males and 200 mg/kg/day for females.

Conclusion

The oral NOAEL is 60 mg/kg/day (males) and 200 mg/kg/day (females).

3.1.6 Mutagenicity

There are 8 in vitro mutagenicity studies, seven of which are considered to be reliable. There are no
in vivo studies available.

In vitro Studies

Suifolane has been tested for reverse mutation in Salmonella typhimurium and Escherichia coli with
and without exogenous metabolic activation by standard Japanese test methods in full compliance
with OECD TG 471 and 472 (MHW, 1996¢). No cytotoxicity was observed at 5000 pg/plate in any
of the 5 strains. The tests were negative, in both the presence and absence of a metabolising system.
An in vitro chromosome aberration study in CHL cells was conducted in accordance with Japanese
guidelines similar to OECD TG 473 (MHW, 1996d). The highest dose level was cytotoxic.
Structural chromosomal aberrations and polyploidy were not induced up to the maximum dose
either in the presence or absence of a metabolising system.
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Several other bacterial mutagenicity tests, a chromosome aberration study using rat liver RL4, a
sister chromatid exchange study and a yeast gene mutation assay are also reported as negative.

In a mouse lymphoma assay (Phillips Petroleun Company, 1982b) exposure to sulfolane in the
presence and absence of metabolic activation increased the induction of forward mutations in
L5178Y mouse lymphoma cells at the T/K locus. Sulfolane was considered to be mutagenic in this
test system by the authors. However, there was no dose response and the survival percentage was
not affected by increasing doses, therefore it is considered that this interpretation of the data is
incorrect.

Table 5 Genotoxicity studies of sulfolane
Type of test Test system Dose Result Reference
Bacterial test S. typhimurium TA 98, | 5 doses between Negative, with (MHW,
(reverse mutation) TA100, TA 1535, TA 313 to0 5000 and without 1996¢)
1537. E. coli WP2uvrA | pg/plate metabolic
activation
Bacterial test S. typhimurium TA 98, | 8 doses between Negative, with (Thorpe,
(reverse mutation) TA100, TA 1535, TA 31.25 to 4000 and without 1982)
1537, TA 1538. E. coli | pug/plate metabolic
WP2, WP2uvrA activation
Bacterial test S. typhimurium TA 98, | 5 doses between Negative, with {Phillips
(reverse mutation) TA100, TA 1535, TA 642 to 52000 and without Petroleum
1537, TA 1538 ug/plate metabolic Company,
activation 1982a)
Invitro CHL./TU -89: (continuous Negative with and | (MHW,
chromosome exp.24 or 48 h) 0.3, { without metabolic | 1996d)
aberration assay 0.6, 1.2 mg/ml activation
+/- 89: (6h exp.)
0.3, 0.6, 1.2 mg/ml
Sister chromatid CHO 70, 210, 700, 2100, | Negative with and | (Phillips
exchange 6400 pg/ml without metabolic | Petroleum
activation Company,
1983b)
Yeast gene Saccharomyces 0.01,0.1,0.5, 1.0, Negative with and | (Thorpe,
mutation assay cerevisiae 5.0 mg/ml without metabolic | 1982)
activation
In vitro Rat liver RL4 250, 500, 1000 Negative without | (Thorpe,
chromosome pg/ml metabolic 1982)
aberration assay activation
Mouse lymphoma | L5178Y T/K locus 60, 90, 135, 202, Positive* (Phillips
assay 301, 449, 670, 1000 Petroleum
pg/mL Company,
1982b)

* There was no dose response and the survival percentage was not affected by increasing doses, therefore it is
considered that this interpretation of the data is incorrect.

In vivo Studies

No data available
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Conclusion

Sulfolane was not mutagenic in bacteria [OECD TG 471 and 472] and did not induce chromosomal
aberrations in mammalian cells in vitro [OECD TG 473] either with or without metabolic activation.

3.1.7  Carcinogenicity

No data available.

3.1.8 Toxicity for Reproduction

There is one study available for reproductive/developmental toxicity.

Studies 1n Animals

LEffects on Fertility

A reproduction/developmental toxicity screening test [OECD TG 421] was performed (MHW Japan,
1999). Twelve animals of each sex were dosed once daily by gavage (0, 60, 200, 700 mg/kg
b.w./day). Males were dosed for 49 days (from 14 days prior to mating) and females for 41-50 days
(from 14 days prior to mating to day 3 of lactation). One male and one female in the 700 mg/kg
group died. There was a decrease in body weight gain and food consumption amongst males, and
females during the pre-mating period, at 700 mg/kg. The number of oestrus cases was decreased in
the 700 mg/kg group. Four dams lost all their pups during the lactation period in the 700 mg/kg
group. Birth index; live index, number of pups on days 1 and 4 of lactation, viability index and
body weights of pups of both sexes on days 0 and 4 of lactation decreased, and the number of still
birth increased in the 700 mg/kg group. Birth index and the number of pups on day 0 and 4 of
lactation decreased in the 200 mg/kg group Parental NOAEL was 200 mg/kg/day. NOAEL for
offspring was 60 mg/kg/day.

Developmental Toxicity

In the above study, there were no treatment-related findings in the external appearance, general
conditions and necropsy findings of the offspring.

Conclusion

The reproductive toxic effects, such as decreased number of oestrus stages and an increased number
of litters totally died, in female parents were found at 700 mg/kg bw/day. Developmental toxic
effects, such as decreased birth index and number of pups were observed at 200 mg/kg bw/day and
higher. The NOAEL for reproductive and developmental toxicity was 60 mg/kg/day. There were
no treatment-related findings in the external appearance, general conditions and necropsy findings
in offspring.

3.2 Initial Assessment for Human Health

Groups of 3 male rats were dosed intravenously at 500 or 1000 mg/kg of non-radiolabelled
sulfolane and the amount of sulfolane excreted unchanged in the urine was measured for 7 days
after administration using gas-liquid chromatography. At 500 mg/kg, 28%, 36% and 37% of the
dose was excreted unchanged between days 0-2, 0-4 and 0-7, respectively. At 1000 mg/kg, 50% and
67.2% of the dose was excreted unchanged between days 0-2 and 0-4, respectively. The observation
that the proportion of the dose recovered increased with dosage suggests that the metabolic pathway
is saturable. In a follow up to this study, blood-sulfolane decay curves were obtained following
intravenous injections of sulfolane to a single rabbit, dog and squirrel monkey. Sulfolane was
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rapidiy distributed throughout the animals and was slowly removed from plasma with a half-life of
3.5-5 hours. '

In a second study 3 male Wistar rats were injected intraperitoneally with 338-sulfolane (100 mg/rat
in 2 ml water) and the 24 hour urinary samples analysed. One major metabolite was found,
constituting 85% of the urinary radioactivity. Subsequently, 3 rabbits were injected intraperitoneally
with a mixture of unlabelled sulfolane and 35S-sulfolane (1 g: 100 mg) and the urine samples
collected and extracted with chloroform. The metabolite was identified as 3-hydroxysulfolane.

The Oral LDsg (rat) was 2006 mg/kg (males) and 2130 mg/kg (females) [OECD TG 401]. The
dermal LDs, (rat) was > 2000 mg/kg [Directive 84/449/EEC, B3]. The inhalation LCsq (4h, rat)
was > 12,000 mg/m>. The chemical is not a skin irritant or eye irritant [US Federal Register 29 FR
13009] or a skin sensitiser in guinea pigs [Directive 84/449/EEC, B6]. The acute behavioural
studies showed that hypothermia contributed to the behavioural effect of 800 mg/kg sulfolane in
rats, however, the rabbits became hyperthermic, at 28°C, upon injection of 600 mg/kg sulfolane.

Based on the results of a valid repeat dose study [Japanese TG], the NOAEL for repeat dose toxicity
(oral} is 60 mg/kg/day (males) and 200 mg/kg/day (females).

Sulfolane was not mutagenic in bacteria [OECD TG 471 and 472] and did not induce chromosomal
aberrations in mammalian cells in vifro [OECD TG 473]. There is no information on
carcinogenicity, however in the absence of significant mutagenic effects in vifro there is no
immediate concern.

In a reproduction/developmental toxicity screening test [OECD TG 4217 males were dosed for 49
days (from 14 days prior to mating) and females for 41-50 days (from 14 days prior to mating to
day 3 of lactation) at 0, 60, 200 and 700 mg/kg. One male and one female in the 700 mg/kg group
died. There was a decrease in body weight gain and food consumption amongst males, and females
during the pre-mating period, at 700 mg/kg. The number of cestrus cases was decreased in the 700
mg/kg group. Four dams lost all their pups during the lactation period in the 700 mg/kg group.
Birth index, live index, number of pups on days 1 and 4 of lactation, viability index and body
weights of pups of both sexes on days 0 and 4 of lactation decreased, and the number of still births
increased in the 700 mg/kg group. Birth index and the number of pups on day 0 and 4 of lactation
decreased in the 200 mg/kg group. Parental NOAEL was 200 mg/kg/day. The NOAEL for
reproductive and developmental toxicity was 60 mg/kg/day. There were no treatment-related
findings in the external appearance, general conditions and necropsy findings of the offspring.

4 HAZARDS TO THE ENVIRONMENT

4.1 Aquatic Effects
Acute and Chronic Toxicity Test Results

There are a number of studies reported on determination of acute aquatic effects of sulfolane.

However many of the study results are reported by a secondary source and have to be considered as
unreliable.

Acute Toxicity Test Results

In a reliable acute fish toxicity study [OECD TG 203] Oryzias latipes were exposed under semi-
static conditions to sulfolane at a nominal concentration of 0 and 100 mg/L for 96 hours. There
were no mortalities or signs of toxicity during the study in either the control or test fish. The LCso
was > 100 mg/L. In a further reliable acute fish toxicity study (Stephenson, 1982), Salmo gairdneri
were exposed under semi-static conditions to sulfolane at concentrations of 100-1000 mg/L for 96
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Fig. 1 Body weight changes in rats treated orally with 4-chloro-o-cresol in the 28-day repeat dose toxicity test
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Table 1  Hematological examination in male rats after the oral administration of 4-chloro-o-cresol for 28 days and a
recovery period for 14 days

Adter administration period After recovery period
Dose level {mg/kg) 0 15 60 250 1000 0 . 1000
No. of animals 5 5 5 5 5 5 4
Erythrocyte (100/mm®) 740 + 38 758 + 34 713 £ 26 779 + 35 790 = 38 812 £ 53 763 + 22
Hemoglobin {g/dl) 155 + 05 154 %= 1.1 153 £ 03 16.7 4= 04 16.3 *+ 05 156 £+ 0.6 147 = 04
Hematocrit {%) 439 + 15 442 1 24 440 + 0.8 451 * 1.2 456 % 14 452 £ 16 43.1 £ 0.8
MCV {f) 60 £ 2 59 £ 1 57 = 2 58 + 2 B Et1 56 £+ 2 57 =1
MCH (pg) 21.0 £ 05 203 £+ 0.7 198 £ 0.7 203 + 1.1 20.7 = 0.8 19.2 + 0.7 193 = 06
MCHC (%) 354 = 0.2 34.8 = 0.8 348 £ 05 348 = 08 358 = 0.9 344 + 04 34.2 + 06
Reticulocyte (%) 20+9 31 =8 2T+ 6 21 %3 328 26 = 8 W07
PT (sec) 128 = 0.2 129 £ 03 127 + 0.3 130 = 0.3 13.1 £ 0.5 132 £ 06 13.1 = 04
APTT (sec) 168 + 0.8 163 £ 04 168 = 0.7 171 £ 05 173 £ 1.0 169 + 1.2 173 £ 07
Leukocyte (102/mm?) 70 + 16 80 + 23 82 + 37 77 £ 21 90 + 14 74 + 20 Tl £ 27
Differential count {%)
Basophil 0+0 0+0 0+0 00 =] 0x0 0£0
Eosinophil 2x1 0x1 0+1 0%1 gx1 0x1 041
Neutrophil band 00 g0 1x1 0x0 00 0x0 00
segmented 15+5 20 = 13 16 = 8§ 134 1256 176 13+5
Lymphocyte 82 x7 7% = 12 819 26 * 4 % L5 82 *6 86 =5
Monocyte 1+2 1x1 2x2 0=x1 141 11 1+1
Platelet (10%/mm?) 160 + 12 159 + 17 152 + 17 140 =+ 18 147 %12 141 = 13 140 & 14

Values are expressed as Mean = S.D.

TableZ2  Hematological examination in female rats after the oral administration of 4-chloro-o-cresol for 28 days and
a recovery period for 14 days

After administration period After recovery period
Dose level (mg/kg) 0 15 60 250 1000 o 1000
No. of animals 5 5 5 5 ’ 4 5 3
Erythrocyte (10/mm®) 771 £ 25 767 += 26 756 + 38 763 £ 37 783 + 31 793 + 28 762 + 66
Hemoglobin {(g/d!) 15.7 £ 0.6 157 = 0.6 153 = 05 152 + 06 155 * 0.1 154 = 0.3 150 = 1.0
Hematoerit (%) 434 £ 18 438 = 186 430 £ 14 4277 + 14 435 + 05 441 £+ 0.8 426 £ 28
MCV (1) 56 + 1 57 £ 1 57 &2 56 + 1 56 + 2 56 = 1 56 & 1
MCH (pg} 204 £ 04 205 + 04 203 = 08 200 = 04 19.8 = 06 194 = 04 19.7 & 0.6
MCHC (%) 36.2 = 0.7 359 + 04 356 + 02 357 = 06 3B7+01 349 = 0.2 352 + 0.2
Reticulocyte (%) 20 =6 20+ 7 215 235 22 & 11 25 +6 26 =2
PT (sec) 132 £ 04 13.0 £ 0.1 13.2 £ 02 133 = 0.1 132 £ 04 13.2 + 0.2 13.2 = 04
APTT (sec\) 169 £ 1.7 160 = 09 17.1 = 04 164 = 0.8 17.7 £ 04 15.7 &= 0.3 16.7 = 1.0
Leukocyte {10%/mm?) 42 + 14 45 £ 13 38 +7 43 *+ |5 37+ 8 49 + 8 47+ 9
Differential count (%)
Basophil 0x0 0+ 0x0 09 0+0 0£0 0x0
Eosinophil 2x1 2x2 2%1 143 0=x0 1+2 2+3
Neutrophil band 00 . 00 00 00 0x0 0£0 00
segmented 14 =6 156 + 7 12 £ 3 16 + 4 14 £ 11 10 £ 2 10+ 3
Lymphocyte 82 =5 82 8 8 = 4 83 £ 4 86 = 11 g7+ 3 a6
Monocyte it 10 1+1 P11 1 +£1 2+ 1 1+1
Platelet (10Y/mm?®} 135 + 17 126 + & 152 4+ 15 138 = 11 145 £ 6 138 = 8 134 + 2§

Values are expressed as Mean + S.D.
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Table3  Blood chemical examination in male rats after the oral administration of 4-chloro-o-cresol for 28 days and a
recovery period for 14 days

After administration period After recovery period
Dose level (mg/kg) 0 15 60 250 1000 0 1000
No. of anirnals 5 5 5 5 5 5 4
LDH {IU/1) 205 = 105 278 * 112 386 + 287 268 + 24 258 * 57 284 + 117 218 + 15
GOT (IU/1) 6l &+ 7 61 = 10 59 6 Gd+5 - 629 6l £ 9 6l + 2
GPT (IU/1} 29 +£3 2+ 7 31+ 2 B b 4] x 6% 30+ 2 30 £ 4
ALP (TU/) 431 £ 103 406 = 86 558 + 185 451 + 117 552 £ 91 354 £ 18 325 + 49
y-GTP (1U/2) 026 £019 039034 019 %008 036+025 038 *025 058 £ 022 034 + 037
ChE (1U/1) 54 + 28 32+8 33 £ 15 36 =18 40 + 18 24+ 9 ‘1N
T.protein (g/dl} 601 £ 018 598 %029 605+ 024 603 %013 598+ 023 629 £ 012 613 £ 016
Albumin {(g/di) 305011 287 +£035 29 £ 010 3.03 £014 303 £ 020 298 & 025 299 + 0.16
A/G ratio 1.03 £ 007 094 £ 020 095+ 007 1.02+013 104 =012 091 £ 012 09 % 006
T.cholesterol (mg/dl) . 92 + 14 82 + 16 83 £ 11 90 + 24 90 + 20 9 + 19 89 & 10
Triglyceride (mg/dl) 94 4 19 56 £ 8 103 £ 39 125 + 54 85 + 57 060 £ 35 73 £ 33
Glucose {mg/d!} 142 = 15 160 = 26 141 £ 11 130 £ 7 144 % 13 162 + 26 145 + 4
T.bilirubin (mg/dt) 033 £002 030£003 035002 038 £ 001* 041 & 0.04* 029 £ 002 030 £ 0.04
Urea nitrogen {mg/df} 1486 £ 17 143 £ 13 138 £ 20 133 = 17 154 + 14 168 + 36 165 & 0.1
Creatinine {mg/d?} 054 =002 052 £007 050 £002 049+ 003 052 % 003 054 =+ 004 053 & 0.04
Ca (mg/dt) 10.0 £ 0.1 99 + 04 100 = 0.3 10.1 = (0.3 104 = 03 101 £ 0.2 102 £ 01
I. phosphorus (mg/di) 85 + 03 88 £ 05 39 £ 03 84 = 1.0 89 *+ 0.3 7.5 £ 06 7.7 £ 02
Na (mEq/1) 140 £ 1 141 £ 1 141 + 1 140 £ 1 141 £ 1 14 =1 140 + 1
K (mEq/L} 459 =018 480 £ 037 472 £ 009 468 £ 011 448 = (.39 4.74 + 027 479 £ 0.32
Cl {mEq/t) 104 + 3 104 £ 1 105 £ 1 105 £ 2 103 + 1 1_05 +1 104 1

Vales are expressed as Mean & S.D.
Significantly different from control group (*:p<0.05 ;**:p<0.01)

Table4 Blood chemical examination in female rats after the oral administration of 4-chloro-o-cresol for 28 days and
a recovery period for 14 days

After administration period After recovery period
Dose level (mg/kg) 0 1% 60 250 1000 0 1000
No. of animals 5 b} 5 5 4 5 3
LDH (TU/1) 50l &+ 267 343+ 197 399 £ 210 33299 . 274 + 98 279 + 132 198 + 42
GOT (TU/t) 63+ 6 639 62 L 8 68 + 10 61 £ 6 57 £ 5 58 + 5
GPT (1U/1) 22 +4 25+ 6 27 £ 3 2656 28 + 3 24+ 2 25 £ 3
ALP (IU/D) 269 + 44 270 = 78 366 £ S0 339 1+ 52 333 + 67 182 + 38 202 + 45
y-GTP ([U/D 054 £ 037 040 £ 015 044 £ 038 042 =020 033 &£ 018 043 £ 031 025 £ 0.22
ChE (1U/1} 263 + 34 230 + 69 267 £ 51 219 + 33 131 £ 42* 337 + 149 325 + 85
T.protein {g/dt) 645 + 014 645 £ 015 637 £ 027 623 022 620 £ (.14 6,77 £ 024 6.69 & 0.07
Albumin (g/d?) 332 £012 326 £ 017 320 £ 030 210 010 314 £ 022 349 £ 029 340 = 0.09
ASG ratio 106 £ 007 103 £ 013 102 £012 099 £006 102 £ 013 LO7 £ 011 1.03 £ 006
T.cholesterol {mg/dl) 85 = 28 108 = 14 93 £ 19 91 £ 28 103 + 14 101 = 11 102 £ 7
Triglyceride (mg/dt) 275 55 + 16 42 + 24 38+ 16 39+ 19 45 = 14 61 £ 19
Glucose (mg/dl) 128 £+ 12 139 £ 29 124 £ 12 130 £ 12 129 = 7 143 £+ 12 134+ 6
T.hilirubin {mg/d} 025 + 002 022 +£003 024 £003 021 £002 026 = 002 025 £ 001 024 £ 001
Urea nitrogen {mg/dl) 187 £ 20 165 + 2.0 187 £ 29 156 £ 2.2 182 + 2.3 195 &+ 06 213 £ 35
Creatinine (mg/di) 059 4+ 007 050 £ 004 053007 051 £004 050007 061 £ 003 063 = 0.05
Ca (mg/di) 100 = 04 10.1 £ 0.1 99 £ 0.2 96 £ 02 10,0 = 0.3 10.1 = (.3 102 £ 0.1
1. phosphorus {mg/d!) 6.7 = 09 6.7 £ 04 63 + 0.6 64 + 10 70 + 14 60 = 06 6.0 £ 0.2
Na (mEq/l) 142 + 1 142 £ 1 141 £ 1 141 £ 1 140 + 2 142 £1 142 £ 0
K (mEq/l) 432 + 018 441 + 018 451 £ 021 439 £ 020 430 £ 015 473 + 024 456 = (.22
Cl {mEq/I) 07 £ 1 106 £ 2 06 1 106 + 1 104 £ 2 105 + 2 105 =1

Vales are expressed as Mean + S.D.
Significantly different from control group (*: p<0.05)
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Table 5
days and a recovery period for 14 days

Absolute and relative organ weights in male rats after the oral administration of 4-chloro-o-crescl for 28

After administration period

After recovery period

Dose level (mg/kg) ] 15 60 250 1000 0 1000

No. of animals 5 5 5 5 5 5 4

Body weight {g) 339 + 13 321 £ 30 319 £ 15 300 £ 11¥* 274 & 13% 366 + 11 348 £ 28

Absolute weight
Brain {g) 196 = 0.05 19F £ 010 196 £008 194 0068 191 = 0.05 189 + 0.06 190 * 0.06
Liver (g) 1024 &+ 066 1067 £ 1.70 1036 £ 080 972 % 0.84 932 = 100 1055 £ 073 10,16 £ 085
Kidneys {g) 239 + 016 254 + 035 244 4+ 012 229 £ 023 217 £ Q.17 255 = 016 258 + 023
Spleen (g) 062 = 0.04 064 =009 059 = 012 062 =015 053 + 0.05 0.66 = 008 064 = 007
Heart (g) 110 £ 006 117 £014 1154010 103 £006 093 & 0.10* 119 £ 011 124 £ 0.17
Thymus (g) 063 £009 054 =004 058009 051 £009 057 £ 0.09 045 + 016 047 + 0.03
Adrenals {mg) 468 £ 58 548 £39 501 £47 459 %62 519 4 653 538 &£ 55 556 £ 78
Testes (g} 291 £ 026 297 £036 3.02F£006 298015 288 + 005 326 £ 020 319 +.0.20

Relative weight ]
Brain (g%) 058 £ 004 060+ 004 0.62 £ 001 065 % 0.02* 0.70 = 0.02% 055 = 003 055 = 003
Liver (g%} 302 £02 330+02 325+ 020 324 =020 340+ 028 288 + 016 292 + 0.06
Kidneys (g%) ) 070 £ 003 079 + 008 076 £005 076 £9006 079 = 0.05 0,70 #= 0.03 075 & 0.05
Spleen {g%) 018 £ 002 020 £003 018+ 003 021 £004 0.19 2= 001 0.18 4 002 018 = 001
Heart {g%) 032 =003 037 2002 036+ 002 034+ 0.03 034 £+ 0.04 033 £ 003 036 = 002
Thymus (g%) 018 = 0.03 (17 £0.02 018 003 017 £ 002 020 + 003 012 £ 005 014 = 0.01
Adrenals {mg%) 1377 £ 1.31 17.11 + 1.13* 1577 + 218 1529 + 192 1899 + 2.26"  14.71 + 147 16.13 + 281
Testes (g%) 085 £ 0.07 093 £ 011 085 £ 603 089 + 005 105 £ 0.04** 0.8% + 006 093 £ 013

Values are expressed as Mean + S.D,

Significantly different from control group (*: p<0.05, **:p<0.01)

Table6  Absolute and relative organ weights in female rats after the oral administration of 4-chloro-o-cresol for 28
days and a recovery pericd for 14 days
After administration period After recovery period

Dose level (mg/kg) 0 15 60 250 1000 0 600

No, of animals 5 5 5 5 4 5 3

Body weight (g) 206 3 15 205 + 12 200 + 14 202 + 10 191 & 15 224 + 10 217 = 6

Absolute weight
Brain {g) 187 £ 011 180 + 005 1.80 £ 007 151 = 008 1.78 + 0.05 134 £ 003 1.78 £ 0.04*
Liver (g) 642 090 636 £ 068 620+ 058 645+ 044 675 &+ 0.79 6.25 =+ 051 640 = 0.30
Kidneys (g) 154 £ 013 162 = 005 161 007 168 + 013 163 + 0.11 167 £ 009 163 £ 0.15
Spleen (g) 045 = 008 044 =002 044 =005 043 £ 0.05 042 + 0.05 047 = 004 (044 £ 0.04
Heart (g) 074 £ 008 078004 080 2007 076 =003 070 £ 004 032 =005 077 £ 005
Thymus {(g) 048 £ 010 045 £ 0.04 046 = 0.04 047 = 009 037 == 0.4 042 + 007 038 £ 0.01
Adrenals (mg) 58.2 = 54 598 £ 7.8 60.5 & 8.9 652 = 104 52.0 =+ 4.9 624 * 9.0 56.0 = 2.6
QOvaries {mg} 925 £ 195 835 £ 116 826 £ 223 838+ 75 756 £ 6.9 823 £ 115 819 £ 114

Relative weight
Brain {g%) 09 £ 003 088 %007 08 £005 09 005 094 + 0.09 082 = 004 0.82 =001
Liver {g%) 310 £ 027 310021 301 £0)8 318 £011 355+ 0.19* 278 + 014 295 £+ 012
Kidneys (g%) 0.75 + 002 079 £ 004 077 =004 083 £ 0.04* 0.86 + 0.03 074 £ 003 075 £ 0.05
Spleen (g%) 022 £003 ¢22x£002 021 2002 021 +002 022+ 002 0.21 £ 002 020 £ 0.02
Heart (g%) 036 =002 037 £003 038 003 038+ 002 037 & 002 037 = 003 035 = Q.02
Thymus (g%) 023 £005 022001 022:£001 023+004 0.1¢ + 003 019 £ 0.03  0.17 = 001
Adrenals (mg%) 28.16 &£ 386 2030 + 4.24 2897 £ 373 32.09 = 354 27.26 + 0.95 27.77 £ 3.07 2588 = 1.53
Cvaries (mg%) 445 + 7.1 409 £ 6,2 39.1 = 99 414 £ 25 389 + 5.1 36.7 £ 48 379 £ 6.1

Values are expressed as Mean £ S.D.

Significantly different from control group {*:p<0.05, **:p<0.01)
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HAMEBCREELENIED LR 072, 250
mg/kg 3 & 1000 mg/ke OIS & UFHEIL, s
BT FED N a4, HNEETIIFEICE
mlz. i, BIEE, 1000 mg/ke ECHEHNERENS
FhiENED LN, 15 me/kgBEllBVWT L EE R
Bl oM EERBMSEDL b iz, BTBET, 60
B L0250 meg/kgHCTHRAEZBLEEED ONT, fIE
EFEN TPz, —F, BiZBwTE, fEICEER
LTS S0 A%, HEREEEDEE 28
91000 me/ke B, FREMEZOFELRMNA2508
2 71000 mg/kg FEIZERS Bz, 1000 me/kg o EIFERE
WBWTE, IHL0ZR RO TEE L T,

BAEDZR{e L 330, 1000 mg/kg O BEROMORE

HEEIWEBOTHMELE gicif L 178 g & b T his
FEY, FEEHFERD LMD, JIETHE b EEE
DING Y EDPEOTNED oD T, FOEZYIY
DbhThieboTHho i,

0. FRIBEHSAFRE (Table 7, 8)

WEEORS ICERT A E# L 5N DT, §,
Bale, FFES X UREICRO b, SRR TRE
BEBICBWT, BTH, #BOBECRE LEOAT
Bhs, 250 me/kgHEDBEL LB X P 1000 me/kg BE O REHE
EFNIEH LN, BT, REOBREA, 2508
L1000 me/kg BHOMBEOEEL WL E&FIES
Sk, BLEoEMEIZMAL T, 1000 mg/kedET, g
MG OB & Bl oA, BB RS0

BERZEfAbAHE, W b HEHOB TR LI,

1000 mg/kg BEOH 5 MM BT L 2 HELOLSS & OHESTT
CBGTH, SIS T BRI TR bt
DI, HOBOIRC RO LT, ok
FIOF B IR LR OZEES L LIRS HO 5
hix $7e, WHEE b & SHBECEREOEIRD
R I FAR

EESAME T REARII BV TIE, R b TE S
FUBBOELRRD 525, HTHMKT BRE)
WICHASTERLTSY, §AROBES L UROIFE
LHEFEED ohl o,

LEOFRRDIERNICS, RELLEHEICRENED
B, WIS HRNS 5V BRALED kB
1T, BRREREL F2ONBHATH L.

: HE

rouny L= OBRIconwT, 4-790-m-7 b
V—izowTit, Ty b ERAWL2BAMOKERZD
BE5EMHRBOESIHRE SN TEY, 400 mg/kg TH
HEOFE RIS S b8, —BRIE, Mg
eAr, MPELFHREL L UCREERETCIETEED
Hd, NOELE 200 mg/kg S HEEEh T2,

LEHEBL, 4-200-0-7 LV~ D F v bER
W2 QMoK EROKSHEHARTIE, HWLE, &
BB XU ORI, TR, B, RIE L g

BIRL.

HAEE T 28EE LT, MERCIRELED
EHEEDS, 250 meg/kgBHEO B L UF1000 me/kg BEOME
HZERS bz, BSEIE B OECEIIB T,
REEDEELLUREZZRDLEAVH /2. /1,
BOURA1000 mg/keBEOMMEIZED L, FETE
TIE B L UIEF T A TERL T,

o-7 LV —VIZHEERESH DY, 4-r00-0-7 L
=PV TH, I LSRR T AT,
E51L, 4700 0- 7 LY VEREFNELTHVS
NTWAHWET, ThROBOHRS LV BAMEREICE
L¥EEL, BBt rofiEesidiZodotitaEr
bis., Lo T, HEEICHT 5 28E, ZCFRE
B E O BERIEMSS L UCREEASES LTREALL
b &ELbNA,

ruoy LY AOREICOWT, KBSV O
YEBLUBBMaS s h, RPHEEsnb ZLA5, 4-7
O0-m-7 LY — VIl BWTREESLThAD,

BERCHEIE LS & LR @I RA250 15 & TUF1000 mg/kg
HEoMECED LN, CoELIHEHESRECTH 2K
EECRESNZRTOEICRBD O, BE OB
BRSER T A RO RISENELBEL SRS,

2, BRICBWTE, EAERDEIA250E LT
1000 mg/kg B OMEICRESD b Ad, WA
ZEERIEITHoNT, EELLCL, BERLOLELDS
na. . ‘
FEg a2 828 i onw T, IFHIROIEAS X UIF
BRI EROEMNA 1000 mg/kgBEOMIZFEH LN/,
HOMBGPTHE LB LY o, ooy >
LATZ7-EDWS b, FEEOET2TRRT L EE
Hrbhb.

-2 -p-7 L —id, NADKFEO R KERESE Y
WRTaZ Ly, Sy I P2y FYTOERER
EREEETZY. IREHRELT Y MBI AEEN
BREEREABFNTILOBEET &2 7- Hattula b
OFETIE, 1200 meg/kg D ERIEOFRSCL Y, T
feic g BSOS T wnh, ERR Tl
DIET B ORI IZFRO N EARFIEIE L, WEBRE D
HEIERTA O LHITERA.

BIRF T, 1000 meg/keB o METHMERABNL,
FEAESFNCEEEMBEOBEE L 2RrEE LR
72, ZERALEERAHO ) RS FOEIMCE AL 0T, ¥
ERM B OERENHEEIC LS A P LR F LA TR
REbLERESI D,

TRFRERER T, 1000 me/ke BEOHEME I — Bk DTk
MBS, BREEMET, RAWE, BEALY, R
LEIIhnA T, sl UEhicl s LEbhAESR
HOBRTEEHIERNERE LTRSS L2,
I DIERORERFH ITED OFS AL~ 3FMEE
{, HEOFBEIC N TERNISERL SR T 2 Hmid
EHLhidh ol FEIZ, 1000 mg/kgfEn gc8n
MElAES b, FBEOMBESIOKFEELS L U3
EAFE L. 158 X TUF60 me/ke BT, EBEB S
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Table 7 Incidence of histopathological findings in male rats after the oral administration of 4-chloro-o-cresol for 28
days and a recovery period for 14 days

After administration period After recovery period
QOrgan . Findings Dose level {mg/kg) 0 15 60 250 1000 . 0 1000
Fate KT KT KT KT KTFED) T KR KR

No. of animals 5 5 5 5 5(D# 6 5 4

Heart : Myocardial degeneration/{ibrosis + 1 - - - o 0 ~ -

Lung: Arterial wall ‘mineraliztion + 2 - - - 3(0) 3 - -

Foamy cell accumulation + 1 - - - o )] - -

Liver:Single cell necrosis + 0 - - - 0(1) 1 - -

Forestomach : Squamous hyperplasia -+ 0 0 0 1 1{1) 2 0 3

++ Q 0 0 0 3{0) 3 0 0

+++ 0 0 G 0 10) 1 0 0

Kidney: Basophilic tubules + 3 - - - 3(0) 3 - -

++ -0 - - - 1(0} 1 - -

Hyaline cast + 2 - - - c(0} 0 - -
Cellular infiltration + 1 - - - 00} 0

Urinary bladder Epithelial hyperplasia + 0 0 0 4 31 4 0 3

4+ 4 Q 0 g 2{0) 2 0 0

Adrenal:Cortical celi vacuolization + 0 0 0 0 2(0) 2 0 0

Thymus: Atrophy . + 0 - - - o 1 - -

Spleen; Atrophy + 0 - - - 0(1) 1 - -
Seminal vesicle: Atrophy ++ 0 - - - 0(1) 1

Prostate: Atrophy 4 0 - - - 0(1) 1 - -

KT:Killed by design after the administration period; ¥D:Found dead; T Total; KR :Killed by design after a recovery period
+:Slight;++:Moderate; +++4:Marked ;- : Not examined

1 Animal supposed to be killed after a recovery periad )

No abnovrmalities detected in the pancreas, glandular stomach, testis, pituitary, thyroid, parathyroid, bone marrow, brain and eye hall from
animals of control and 1000 mg/kg groups.

Table® Incidence of histopathological findings in female rats after the oral administration of 4-chloro-o- cresol for
28- days and a recovery period for 14 days

After administration period After recovery period
Organ : Finding Dose level (mg/kg) 0 15 60 250 1000 0 1000
Fate KT KT KT KT KT(FD) T KR KR
No. of anisnais 5 5 5 5  4(3)1# 7 5 3
Heart :Myocardiai degeneration/fibrosis + 1 - - - 0(0) 0 - -
Lung:Arterial wall mineraliztion + 3 - - - G 1 - -

' Foamy cell accumulation + 0 - - - )] 1 - -
Liver: Hepatocellular hypertrophy + 0 0 0 0 2(1) 3 0 0
Forestomach :Epithelial degenaration + 0 0 0 0 0(3) 3 0 0

Squamous hyperplasia + 0 0 0 0 1( 1 0 1

+ 0 0 0 0 3{(0) 3 0 0

Ulcer ++ 0 0 ] 0 ol 1 0 0

Kidney: Basophilic tubules + 3 - - - 102} 3 - -

Distal tubutar dilatation + 0 - - 140 1 - -
Hyaline cast + 0 - - - 1{0) 1 -

Urinary bladder : Epithelial hyperplasia + 0 0 0 3 2(3) 5 o 2

++ 0 0 0 0 10 1 o 0

Thymus: Atrophy ' + 0 - - - 0(1) 1 - -

Spleen:Atrophy + 0 - - - 0(1) 1 - -

KT:Killed by design after the administration period ; F): Found dead ; T': Total; KR : Killed by design after a recovery period
+:8light; ++:Moderate; +++:Marked; - Not examined

#:One animal supposed to be killed after the administration period and two after a recovery period were found dead during the
administration period

Ne abnormalities detected in the pancreas, glandular stomach, ovary, adrenal, pituitary, thyroid, parathyroid, bone marrow, brain and eye
bail from animals of control and 1000 mg/kg groups.
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FiEr@l T, #HRPEoRscEETsEEZ LN
Y (AR EE Y2 (Rr 3 R A

D ED@EBRmERSHETH 2 3RS ARETRE
BEHYOBERS LUTRETHD SN-E{LIE, 1000
meg/kgDEEHICBVW TR IR L OED D ik EE
EECH D, THEHLRELTHLD I e PRI,
LB, BEHERTHROBRE T, REFESHERI
BT h 2722508 5121000 me/kg BEOHELZ,
LROM EEEALHB L BEORY EEENAEE
BHEND, TRLOBREIIREARSENLETIIE
HENT, BREECE) B HETS .
LEOHER»PL, 4-7000-7 L/ — R, Zv |
~DRIEFEOFSIZI D, EoagEEL LT, #5E
ETHAHLERCE, HFREETHHER, BILUH
oAb bh, BRI VBT LEELEE
Do, EREEIL, 60mg/ke/day EHEE SN,
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Reverse Mutation Test of 4-Chloro-o-cresol on Bacteria

OECDELFE LM E TSR b 2 BHFHEEHE
DH—BLLT, 4-7a-p- ¥ L/~ V22T Salmonella
typhimurium TA100, TA1535, TAS8, TA1537 BLU

.Escherichia coli WP2 uvrA = v A EIR AT ARG
Tl rFan—Ys yECLVERLE.

FHABRIC BT LZMEROEES L LI, REBETH
59 mixFFEFE T DOWP2 uvrAlZ 2T 1250~ 39.1 pg/
Tl— b, TOMOBERRIZOWVTIHE25~19.5 pe/ 7 1o
—FOENFNAL 2 D6REEREL, S mixIFT
EoWTHWELOBE%D 1250~ 391 pg/ 7 L — b2y
L2 TolREERELA.

FEHBRE2AFER LR, BEYEOEREIISY
THRESN-EEER 2%, WTFhoEkIcE
VT hEEBEO2EMLERES 2204 T4,
B SY mixIERF T TIE625 ug/ 7L — FRLET, 59
mix FHE T TIETALS3S, WP2 uvrA 11250 pg/ 7L — b
T, ZOMDEHRITE25 g/ 7L — PUETHED LI,
B-T, 4-700-9 -7 LV—VOERREMEE, Btk
Tl DA

Hik
(s FREEHE)

F) TN TFHREDB. N Ames#3% £ ) 19834%E5H
27 Bz A U7z Salmonella typhimurium TA98, TA100,
TA1535, TA1637 B X U KFERFHIERT L EHIE
& N 1985410 A 14 B i AF L 7z Escherichia coli WP2
uwrADSHEHE T HW:, SEAERIGBREHET-80T
BT s L.

FBRICBLT, SEEEERT L, f0o0uwt =
— MY x> bh70OR(Oxoid Nutrient Broth No.2,
Unipathft), 25 g% 1 {ORSERIZERR L TR L 7ziik
B0 mLICHEME L, 37 CTREIREEREL .
BEETROHBBEAHIEE ¢ lie Lk, R
Bl

(e E)

4-#D00-0-7 L/~ )L (CAS No. : 1570-64-5, T v
FES L FBYOL, #UE : 93.9% ; BE{VRL T 86) 34
214258, ME40°C, #Hm220~225°C o HBiEER
THEOHRHIFWEH CEIEETH S, o, Ko b
KOV TRIRASIMFRETH S 2 L A LL,

202

4-r 0 0-o- 2 L — LT AFLANEF L F
(DMSO, o v +&%S : 603E2089, FHRF : 99.7%, HME
b2 AV CREEE (50 mg/mi) OBHEHEL
7otk, AMEETLE2THRRLL-bDEHWL, T,
P L T E (93.9%) KM L7z, B, &
ROl HECHARE LRSS L UREEREEOBRICO
WTIRESHEERL, WM bITERED100£5%
PRTHhs L EMEEL:.

(Ratdout FEgh &)
B RYEE LTTROL O,
AF-2 2-(2-79A)-3-(5-=bT-2-TYN)T 7Y
VTN (RIEE © 98.0%, FIYGHISE T 26)
NaN; @ 7P bF b v o (FERE | 96.5%, Fitits
T#60)
ENNG : N=FI-N-=rO-N-= pnay 7= »
(S : 99.0%, Sigma Chemical Co.)
OAA 19-TIT XY Ty (HE D 99%, Sigma
Chemical Co.)
AN 2T IJT YT Rr(ME  95.0%, #k
HZE T 360)
NaN, @ EHAK(BAREREETE) 10, Tofik
DMSOWICER L 0EERL-.

(k35 £ U' SO mix DHIRE)
1) by TTFH-—

T3 JEKERE LT, BEKERWTD-EFF >,
LLEAFUUBIUL- MY T T 7 D05 mMBAK
BiEZRAEL, Chi58EK%, SRERELL.
FEEACI00 mlbo#t LT, #HAFEFEFK (Bacto-Agar ; Difco
) 06 g HBiLF FY T LQS gnEETINLE, F—b 7
L= 7T LRSI B S E %, LR T 3 K
R 1/108MA TR L, 46 CIm L.

2) 80 FIa— A EFFEiRER

AT+ 7T AM-NES (B ERAM) 2BAL, #
ML od, SHlid-00ERETROEBYT
Hb,

Wil 2 o7 A ARIE 02g
7 L ER—KIE 2g
) CEKECZ A ) v A EKIE 10g
D VE—T Y ESY 4 192g
REE{L T R Y7L 066¢g
TR RE 20g
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FEX (OXOID Agar No.l) 15g
B MmO +—LIRHLDI0OmIFELTEDT
H5,

3} S9 mix
SOmix I mid2 Y UTOMETHARL, FRKIT
KATIZBREF L. -

So* 0.1 mi

b el S V) & -} 8 umol
wiEH Y246 33 pmol
D-ZVa— A6 5 umol
B-NADPH 4 pmol
B-NADH 4 gmol
F U A1) CEREETR (PH74) 100 pmol
T L BE

*OREALASY(Fya—< o) 2EELLE. 208
3, TAGOMOSDRET v MI7 2 /S —
WESE- NV T IR AT LTHERLM
REVH—- PO X g L EETETH S,

(E8hE)

REEIE T LA v Fa—T g YETERL.

RERE IS EIATROl ml % EL, 59 mix 05 mi
FEMEROL miENg, 37TCT25MWIREL, L
frFaR—ar&fTo., SOmixeFsELn
Baicid, SO mixdfLhb izl Mo ) LB
MREH(PH 74) 05 mEMA A2, 7L ¥Fan—a
Y%, by FTA-2mi % LEEORBE ISR TR
L, Byl a— ARKEIREMICER L7:. BB L
by FTH AR Lo, 37CTIEEREEEL, #

RERoo-_ L, RRCEERMEYHWT
Ne 273 FORODETTHEHEL, BBEPEICLAR

BHEOFEZ A FIHABRISRESL-D 1RO
Lb— 2SR LT, ARBIISEEL VIOV —
FEAY, ZEERL;. T, #BEDEEREOMADD
ICEEHE B E GER) B L UEHEREOBE ESE
FRWT, WEREI Y MBEOBRELT) WEETET
7.

(FEREROHTEILE)

WEEHEWE L — MBI AERER 20—
(EE) PR BEOC2EL EER L, BE:FEH
B L UBRESZO NS SHEIRELHEL T,

BRLUEE

(FimaER)

5000, 2500, 1250, 625, 313, 156, 78,1, 39.1 ug/ 7L —
DBETEBLAEZH, 59 mixdEdFTTRTRT
DEHD625 pg/ 7L~ FELET, SO mix#HFETTH
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WP2 uvrA® 1250 pg/ 70— FELEB X o EikD
625 ug/ 7L — PELLETZENFRAE RO b,

CAFEL, S9 mixFEHTFETIC BB WP2 uvrAD 625 pg/

= b TOMEEIMOERICIE~NFE AL DTH -
7. o T, ARETILS9 mixIEHFE T O WP2 uvrAl:
DWW TIE 1250, 625, 313, 156, 78.1, 39.1 ug/ T L — b D6
BEY, 2o0foEkRICDOWTIE625, 313, 156, 78.1,
39.,195 pg/ T L — r OBEELRE L. 59 mixiF
TR NTOEICOWT1250, 625, 313, 156, 78.1,
391pug/ 7L — bOGIREREE LS.

(&)

FERFTable 1, 2IR L. LROBEHEBCRES
ERLALEZ?, 2EIOFREKEL b FEEOHBERS
o — i, SO mixERFETELULETOWTRIC
BnTh, BHGEE) HEEDMEL EFREhdo /.
T, HEASY mixFEHEFE T CI2625 pg/ 7L — b L
T, 59 mix3tfFEF TIETAISSS5, WP2 uvrdld 1250 pg/
TL— T, FOMROERILE25 ug/ 71— FELETER
2Y5% (WA

HEORESE,L, 4-700-0-7 LV —VOERERIT
Btk & iR L7,

SE X

1} D. M. Maron and B. N. Ames, Mutation Research,
113, 173-215 (1983).

2} M.H. L. Green and W. J. Muriel, Mutation Research,
38, 3-32 (1976).

HEBEEE WE &
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4-700-0-97 LN

Table1 Results of reverse mutation test{I) of 4-chloro-o-cresol on bacteria
With(+) or Test Substance Number of revertants {(number of colonies / plate)
Without(-) Concentration Base-pair change type Frameshift type
S0 mix (ug/plate) TA00 TAL535 WP2 uvrA TAQ8 TAIG37
6 11 30 12 3
0 75 ( 84} 7 (9 27 (33 22 { 18) 7 { &
%0 (= 8 3 (&2 2 (+ 8) 15 (= 5) 8§ (* 3
71 7 14- . 3
19.5 79 (70 1 { M 9 (13 3 (3
81 (= 5) 4 (4 16 (£ 4) 4 (=1
84 1 28 138 2
39.1 81 ( ¥ 7 (9 36 ( 35 18 ( 16) 9 ( 3
71 (= 7 0 (£ 2) 4l (7N 1n (= 4) 5 (& 4)
79 3 33 24 4
78.1 g2 ( 85} 7 ( & 39 ( 38 12 ( 18) 7 ( 8
B (7 8 3 43 (= 5) 12 (=7 6 (£ 2)
S9 mix 75 16 25 9 5
156 83 ( 83} 7 {10 27 ( 29) 15 ( 13) 3 ( 5
-) 91 (= 8 8§ (* 5 36 (6 15 (£ 3) 7 (= 2)
66 13 28 g 6
313 68 ( 65) 7 (10 31 (31 nm (9 6 ( 5)
61 (= 4} 10 (= 3 3 * 3 7 (2 4 (£1)
o* o* 12 o* O*
625 o (0 L )] & (8 o { O o (0
o™ =0 ot (£ 0) ™ (+ 4 ot (£ 0) 0t (+ O
0*
1250 o { o
S )]
84 9 28 24 13
0 74 ( 84) g (10 28 { 33) 28 ( 22) 8 (10
95 (+1B) I &1 2 (+ 8) 15 (£ 7 8 (£ 3)
102 7 53 14 3
39.1 8 ( 92) g8 { 8 28 ( 39 20 (21 7 ( B
8 (£ 9 0 (= 2 3B (+£13) 28 7 6 (=2
103 g 36 19 9
78.1 95 (104} 6 (D 45 ( 35) 19 (18 1 ( 8
115 (10 7 (x 2) 25 (£10) 17 (£ 1 4 (£ 4)
59 mix 86 13 39 27 7
156 91 ( 91} 5 ( 9 22 { 38) 21 { 25 0 ( 8
(+} 9% (£ 5) 10 (* 4 47 (£13) 26 (= 3 7 (2
76 10 36 27 11
313 96 ( 88) 14 ( 11) 43 ( 3 15 { 20) 4 { 6
92 (%11) 9 (3 37 (F 4 19 (£ 6 4 (= 4)
53* 6 27 21* 1
625 41 { 41) g { & 26 { 26) 0% { 18) 2> {3
30* (+£12) 5 (£ 2) 25 (& 1) 13* (= 6) 2 (1)
0* o* 0 o* o
1250 o ¢ o ¢ (o ot (0 ot { 0 ot { 0
ot (x 0) o {0 ot (=M o (£ 0 0* (£ 0}
Positive Name AF-2 NaN, ENNG AF2 o-AA
Concentration
(ug/olate) 0.01 05 2 0.1 80
59 mix Number 508 307 467 426 814
of 411 ( 455) 264 ( 293) 471 ( 491) 472 { 449) 716 ( 753}
(-) revertants 446 (+49) 307 (25 536 (£39) 448 (£23) 729 (53}
Positive
control Name 2-AA 2-AA 2-AA Z-AA Z2-AA
Concentration
(pg/plate} 1 2 10 05 2
59 mix Number 893 316 764 334 173
of 829  { 838) 312 (304) 788 (734) 387  { 364) 155 {159}
(+) revertants 792 (£51) 283 (£18) 799 (:18) 7L (x27) 150 (12
AF-2:2-(2-furyl)-3- (G-nitro-2-furyl) acrylamide, Nal,:sodium azide {Mean)
ENNG : N-ethyl-N"nitro-N-nitrosoguanidine, 9-AA :9-aminoacridine, 2-AA : 2-amincanthracene (£5.D.)
*:Microbial toxicity was observed.
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Table 2  Results of reverse mutation test (I[) 6f 4-chloro-o-cresol on bacteria

With (-+) or Test Substance Number 0;‘ revertants {number of colonies / plate)
Without(-) Concentration Base-pair change type Frameshift type
59 mix (ug/plate) TALQO TA1535 WP2 uveA TA98 TA1537
87 13 20 9 3
0 77 ( 80) 9 (11 2 ( 28 1 11 4 ( 5
76 (L 6) 12 (£ 2) 25 (+ 6) 14 (£ 3} 7 {x 2)
73 7 16 4
19.5 8 ( 79 9 ( 8 12 ( 14} 3 (4
73 (£ 4 8 (1) 14 (£ 2) 5 (£ 1)
80 11 29 15 3
3a.1 7 (79 13 ( 11) 17 -( 27 15 ( 14) 3 { 3
80 {+ 2) g8 (£ 3) 36 (10 13 (1) 2 (1
85 10 18 13 6 '
_ 781 81 ( 78) 9 (9 2% (21 2t { 14) 9 ( 8
62 {8 8 (x1) 19 (£ 4} 8 =1 2 (= 4)
S9 mix 74 10 28 13 4
156 76 ( 78) 9 ( 8 25 ( 25 15 { 13) 2 (4
- 8 {x 6) 6 (2 21 (= 4) 11 =2 5 (2
72 10 22 8 . 4
313 79 {73) 8 (9 23 ( 21} 10 ( 9 7 ( 5
68 {6) 9 (D 19 (= 2 9 (=D 4 (=2
o* o* 10* o* o*
625 o (0 ot (0 5 ( 6) o {0 ot {0
o (£ 0) 0 (£ 0) &~ (= 3 0 (= 0 0 (= 0
0*
1250 [V 1)
ot (= 0
84 15 23 17 8
0 8 ( 83) 1 (12 2% ( 25) 17 ( 20 8§ (1
&% (£ 1) 9 (£ 3) 25 (= 2} 26 (£ 5 4 (=2
83 10 36 16 5
30.1 8 ( 90) 9 ( 9 28 ( 3 19 ( 18) 0 { 8)
101 (10) 8 (£ 1) 25 (£ 6} 20 (£ 2) 3 (=4
95 9 32 20 4
78.1 @2 (97 9 ( 8 26 ( 31) 33 ( 28) 6 ( 6
103 (% 6) 7 E D 37 =7 24 (= 7) 8 (£ 2
S9 mix 97 8 32 26 1l
156 92 ( 93) 15 ( 10) 25 ( 26) 16 ( 19) 9 (11
(+) 91 (+ 3) 3 (= 4) 21 (& & 14 (& 8) 12 (% 2)
112 9 28 20 10
313 9% ( 106) g8 (& 3 ( 30 18 ( 22 6 ( 8
09 (£ 9) 7 (=D 28 (= 4) 27 (£ 5 g2 2
13* 2* 27 4* 0*
625 13* (12) * (2 12 ( 19) 4~ (3 o (0
9 (+ 2) C 17 (+ 8) * (D 0* (& 0)
o* o* o* o* o*
1250 o ( 0 o (0 ot (0 o (o o { O
0* (= 0 o (=0 o (= 0 o (£ 0 ot (= 0
Positive Natne AF-2 NaN, ENNG AF2 9-AA
controt
Concentration
(pg/plate) 0.01 0.5 2 0.1 80
89 mix Number 578 326 539 460 467
of 513 ( 535) 362 ( 344) 519 ( 510} 390 (417 501 { 456)
- revertants 513 (+38) 353 (£15) 473 (£ 34) 402 {£37) 309 (+52)
Pasitive Name 2-AA 2-AA 2-AA 2-AA 2-AA
conirol
Concentration
{ug/plate) 1 2 10 05 2
59 mix Number 1088 424 647 333 161
of 1098 (1048) 450  { 454) 712 ( 704) 334 (374) 154 ( 152)
(+) revertants 959  {=78) 488 (£ 32) 753 {£53) 401 (£36) 140 (=11
AF-2:2-(2-furyl) -3- (5-nitro-2-furyl) acrylamide, NaN,:sodium azide (Mean)
ENNG: Nethyl-N-nitro-N-nitrosoguanidine, 9-AA9-aminoacridine, 2-AA . 2-amincanthracene (£5.D.)

*: Microbial toxicity was observed.
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4- 70 H-0-7 L= D
Fyf—X - NAAY—EEMRBERV 5 REHRRERER

In Vitro Chromosomal Aberration Test of
4-Chlorco-cresol on Cultured Chinese Hamster Cells

OECD BEfR bW EE &M IR R 2 B REESR
O—\/LLT, 4 0u-g & L —LOEERRICE
Y MEERENEELFET L2D, Frf=—X -
Na AL —BgEdfe (CHL/IU, AT CHL L RET) % H
WTREBENREREEART EMm L L.

REFRERRIIAVLIRELYRET S 20, MDY
PRI R IT oo 28, EEAIEE O 24 MRS
X T4 BRI ALIR T B TS 50% O BRI & TR TR E
I, FREN0.053, 0.017 mg/mi, BEEBAEEO S
mixTEE T BIUIEEE T, Fhan0.072, 0121 mg/
miTHh o7z, fEo THREFEEREBRCRAT, ERLEEE
O 24 BEELE T2 0.060 mg/mi, 48RRI Ti30.020
mg/mi, EEFRMIEE D S9 mix A7 F 13 0.080 mg/ml,
EFEETTIR0I25 mg/ml 2 &iEE e L, Fh¥FhEo
/20BEx higEg, 1/40EEFRBEICEEL .

CHL #18a % BRI E T 24 B B & UM 48R fe oL 78
LR, WILoMBEEIrBWTY, Redofish
EREEEMEo R REEI % RFBTHo L, T,
ERFMLEEDS) mixFETB LI UPEFET OV
DAIBEC BT D, MO B BREE R 13 5% R i
Thol, Ll, EHELREDS) mixFETFTOEH
REERE(0.080 mg/mi) T, BZ LD 75% B4
BEEREISREN, HERERETH 7. #oT,
BREZMHAET L0, 0.040, 0.080, 0.120 mg/mi®
MECTHERBRTERLL. FOESE, 0.080, 0.120
mg/mi TEHEL-MBEOFRENRT7.0, 21.0% I REk
WEREVPHESHh, RAGCEYEROEIEI RS
NeERICEBEREHROBS BN LN
o, WREMMEEDSY mixFETTHREEHE L.

DEDERLV4-700-0-7 LY~ iE, EROR
BEET T, ABENOCHLME ICka ERE 2 HE
) kﬁéf% L7

MRS LUHE

1. {#EELL#ER
REREEWS S AF (19948 A, AFE: #T 1

) LiFr4=—-X - "bs Ay —HMEOCHLM %,

RS R TRBICE V.

2. EEHORY
RIS, #FEMmiE(CS:GIBCO LABORATORIES,
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O v +EE43N1140) & 0% LA 4 — 7 VMEM B
BWEBI.

3. EERM

2X 1048 CHLAIRE %, ¥EFHEWSml % ANnLT 1 ¥
2 ($&6cm, Becton Dickinson and Company) 23§ X,
37THCO, 1 ¥ F 2 — % — (5%CO,) FTHEEE L.

EFAEETIE, MREEEIAECHBYEEmA,
24 & UMSBFRMLIB L A, /-, ERMAEET
i, MBI ES) mix AT TE L UEFEETT
GREMALIE L, MLIER THIF L EERTE L IT18RM
BRI

4. WEEHE

4-Z 00 -0-7 L/~ (CAS No.:1570-64-5, O v b
F5 FBYOL, MiEE:193.9% WEfLRMTEM) X, 5F&
142.58, @i S40°C, 220~ 225 Co ORI TEY
OPDFOEBCREETHSL. 48, Aoy Miow
TIRBSETFEETHL L 2 HIALL.

5. #HEMEREORHE

WER R B, RSB LA, SEELVAF LA
Wk F L F(DMSO LB, ME{LER, oy &
& I603E2089) H AIV:7n. BEAELEEICEBL TEES
FHL, DWCRBELRBEECIERFRL CHREDRED
WEMEEBE R L. 7, FAHECELTHMEE
3 (93.9%) ZEM LA, HERPEREEE, T
REII BN THEEEOWSV/VBIC R D IHITME L.

- REAREHRIIACIREB L RIGEEORBRYE

PRI OWCEREFINEERL, WINbIERED
100:5%LANTHEZ &EFTEFL /.

6. REIETENAIRIEE(C & DIIEEEORE

REFEERBRCHCG IR EONBRE L IET
A0, MEBEDEOMRERCRITTEESRASL. #
& o CHLARRR (235 A 8 K e, mM3REH
BrAVWCEHEOATFRR 2, BEGBEICST S
MmOk ® b - TIREL L.

FOFER, 4-700-0-7 LU — L@ #50%OHERER
BlaeRTEEY, S0% XX S O2RECEL VEL L
LA, AGEREEO4GHNEE & F43RBMET
& F10.053, 0.017 mg/mi, HRRLEED S mix
FHETBLUEREET TEFR24.0072, 0121 mg/mi
THh o7 (Fig. 1).
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FEFEREHER

100

—*=i{reated for 24 h without 59 mix

=O={reated for 48 h without 59 mix
traeted for 6 h without S9 mix

~O==treated for 6 h with 59 mix

Cell growth (% of control)

0 o1 0.2 0.3 0.4 0.5
Concentration (mg/mi)

Fig. 1 Inhibition of cell growth treated with
4-chloro-o-cresol

7. EBREORE

MR IIFIREBOBRE L), LBEREHRBTHY
LM EOREER Y ERVEED24EEQLE TR
0.060 mg/mi, 48EFRIMLE T120.020 mg/mi, EHEEMN
HEOSY mixFEHET T130.080 mg/mi, SEERFT T
0.125 mg/ml * &iBEL L, ThENEDY/20BEE
FIRE, /4ADBERRREE: L THRELL.

8. BEFEREHNE

RBEETO2HBMC, I3 FERERBESY
0.1 pg/mlic % 5 &) CHEHERICMA A, REAEED
RS E B> TiTo k. AT 4 FEREE v—L
WO B2MIER LA, ERLAERS, 3%F A FER
T2057 et L7z,

9. FERAH

fERL A5 4 FEFRDI B, 1Oy — L2 bE
LA A e BEEENFILRVWE ST — FL
LAARBETOHT L, Hadfoaitis, BEAREERE
%L - HILBMABRTHES MMV IZ L 2 5HEC T
WTITV, RS W ERESEHOEY v 7, Y
BF, ZEiR% S OMERE OFE LS (polyploid)
OFEIzOWTERELL, T4, SEEE S I UERE
Mo WTIZ 1B 200 0T HPAMB E 54T L7,

10. B#FEAE

BHEE L U T RERE L HER I H B IC oW D
RS, BE LR, BERFOMELY, F8
HABR OB oW THENL, BEOMERAARICREA
Liz, ¥BYEoRaEEEHREIIOVWTOHER,
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FEE O ORI, REFRELTETLIMED
SEH %A T IEM, 5% LE10%Ki = Ehtt, 10%
Blreffke L.

BR&sIUEE

ERIE I L B RAETITORERE Table 1IKR L
oo 470207 LY REMAT, 248MB L0048
RRfLE L - SREERT, REGOHLETS S UHE
RS O M IRIE R 1L 5% R TH o 7.

e B E D L A REEFITOEES Table 21277
L. 4-20b-0-2 LY — N EMATS mxTFETBH
FUEFEET COEFRME L SBERC, S8Man
OHBEEIISH R TH oo, T, EHMNERED
SO mixFEAE T OEERER(0.080 mg/mi) T, BELH
BO75% C REbBERE (gap 2 &) PHRE S,
HElZgEHEETH o1,

ftoT, BHEMELEZT L0, 0.040, 0.080, 0120
mg/mi DR CHEEREE % EM L /2 (Table 3). Z0#
5, 0.080, 0.120 mg/mi TEEL/-MlloFh 2070,
21.0% bt BESEHE S L, AR TERE
DEREIEHEEND LRICHERERBEOB L 2R
AR &R, EEEEAEED S mixFEFT
B L e L7

ik

1) BAREZEERFS - HASYIRBRSEHSE, Mt
EMEIZ L L REMEERT IR, BHEENE, 1983

2y FRE B OEE, CWED ReARYTRBRT-S £,
T - T4 - —%k, 1987.

HEEEE . AE # ‘

ABRIELE | KEFICER, KERESE, TIFEE
EHBEET, HAEL

W= FREMENRR BRWEN
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4-700-0-7 L=

Tahle1 Chromosomal analysis of Chinese hamster cells (CHL) continuously treated with 4-chloro-o-cresol without
S9 mix (main test)

Concent-  Time of No, of No. of structural aberrations No. of cells
Group ration  exposure cells with aberrations - Polyploid” _ Judgement”

(mg/mi) (h} analysed gap ctb cie csh cse f total -g (%) tg (%) (%) SA NA

Solvent" O b 200 1 1 0 2 0 0 4 3(1y 4(20) 0.0

C-oC 0.015 24 200 0 3 ] 1 0 0 4 4 ( 2.00 420 0.0 - -
0.030 24 200 2 7 0 0 0 0 9 7(35 9 ( 4.5) 0.5 - -
0.060 24 200 0 9 0 0 0 0 9 g { 4.5) 9(45) 0.0 - -

MC 0.00003 24 200 0 24 11 3 0 0 38 37{(185 37(185) 0.0 + -

Solvent 0 43 200 O 2 o 0o 0 0 2 2010y 2(10) 0.0

C-oC 0.005 48 200 0 0 0 1 0 0 1 1(0.5) 1{ 0.5} 0.0 - -
0.010 48 200 0 2 1 ] 0 0 3 3(15) 3(15) 0.5 - -
0.020 48 200 0 6 1 1 0 0 8 8400 8(40 0.0 - -

MC 0.00003 43 200 0 24 H 8 0 0 66 56(280) ©56(28.0) 0.0 + -

Abherviations : gap . chromatid gap and chromesome gap, cth Jchromatid break, cte I chromatid exchange, csb chremosome break, cse 2
chromosome exchange (dicentric and ring ete.); f © acentric fragment {chromatid type), —g ; total no. cells with aberrations except gap, +g :
total no. of cells with aberrations, SA : structural aberration, NA | numerical aberration, C-0-C : 4-chloro-o-cresol, MC : mitomyein C

1) Dimethylsulfoxide was used as solvent. 2} Two hundred cells were analysed in each group. 3) Judgement was done on the basis of the
criteria of Ishidate et al. (1987),

Table2 Chromosomal analysis of Chinese hamster cells (CHL) treated with 4-chloro-o-cresol with and without S9
mix {main test)

Concent- 59 Timeof No.of No. of structural aberrations No. of cells .

Group ration mix exposure cells with aberrations Polyploid® __Judgement™
{mg/m!) {(h) analysed gap ctb cte csb cse f total -g (%) +g (%) (%) SA NA

Solvent" ¢ - 6-(18) 200 0 1 G ¢] 0 1] 1 1{ 05) 1005 0.0

C-0C 0.0313 - 6-(18) 200 0 2 ¢ 1 0 [ 3 3( L5 3015 1.0 - -
0.0625 - 6-(18) 200 1 0 1] 1 0 ¢ 2 1{05 2(10 1.0 - -
0.125 - 6-(18) 200 1 3 3 0 0 ¢ 7 6( 3.0 7( 3.5) 15 - -

BP 0.020 - 6-(18) 200 0 0 o] 1 0 t] 1 1(05) 1(058) 0.0 - -

Solvent 0 +  6-(18) 200 0 1 0 0 0 0 1 1(05) 1(05) 0.5

C-o-C 0.020 +  6-(18) 200 0 0 0 0 0 0 0 00009 0(0M 0.0 - -
0.040 + 6018 200 1 1 0 1 0 0 3 210 3{ 15} 0.5 - -
0.080 + 618 200 0 7 10 0 0 0 17 15(75 15{75) 1.0 + -

BP 0.020 +  6-(18) 200 2 69 118 1 0 0 190 132 (66.0) 133 (66.5) 1.5 + -

Abherviations : gap : chromatid gap and chromosome gap, cth . chromatid break, cte | chromatid exchangs, csb ;chromosome break, ese :
chromosome exchange (dicentric and ring etc.), { : acentric fragment (chromatid type), -g : total no. cells with aberrations except gap, -+g :
total no. of cells with aberrations, SA | structural aberration, NA | numerical aberration, C-0-C : 4-chloro-o-cresol, BP | benzo[alpyrene

1) Dimethylsulfoxide was used as solvent.  2) Two hundred cells were analysed in each group. 3) Judgement was done on the basis of the
criteria of Ishidate et al.(1987).

Table 3 Chromosomai analysis of Chinese hamster cells (CHL) treated with 4-chloro-o-cresol with S9 mix
{confirmation test} ’

Concent- 39 Timeof No. of No. of structrual aberrations No. of cells
Group ration mix exposure cells with gherrations Polyploid” __Judgement™

(mg/m!) (h)  analysed gap ctb cte csb cse f total -g (%) +g (%) (%) SA NA

Solvent" 0 +  6-(18) 200 ¢ 0 0 0 0 0 0 0(00) 0(00) 0.0

C-oC 0.040 +  6-(18) 200 1 5 4 0 0 0 10 6(30 7(35 1.0 - -
Q.080 +  6-(18) 200 1 5 11 1 4] 0 18 13(65 1470 15 + -
0.3120 +  6-(18) 200 0 24 28 1 0 0 53 421{21.0) 42210 05 + -

BP - 0.020 +  6-(18) 200 1 70 143 1 3 0 218 149 (74.5) 149 (74.5) 0.0 + -

Abberviations : gap . chromatid gap and chromosome gap, cth ;chromatid break, cte ! chromatid exchange, esb :chromosome break, cse :
chromosome exchange {(dicentric and ring etc.), { ! acentric fragment {chromarid type), -g : total no. cells with aberrations except gap, +g .
total no. of cells with aberrations, SA I structural aberration, NA : numerical aberration, C-¢-C : 4-chlorc-o-cresol, BP | benzolalpyrene

1) Dimethylsulfoxide was used as sclvent. 2} Two hundred cells were analysed in each group.  3) Judgement was done on the basis of the
criteria of Ishidate et al.{1987).
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SIDS INITTIAL ASSESSMENT PROFILE

CAS Nr. 1570-64-5
Chemical Name Phenol, 4-chloro-2-methyl
OH
Structural formula CH,
Cl

CONCLUSIONS AND RECOMMENDATIONS

Environment

The chemical is very toxic to aquatic organisms. The chemical is considered as readily
biodegradable and has a low bioaccumulative potential. The predicted environmental
concentrations are lower than the predicted no effect levels for all environmental compartments. It
is currently considered of low potential risk and low priority for further work.

Health

This chemical is corrosive and toxic by inhalation. Workers exposure is considered to be low
because the substance is produced in a closed system as an intermediate for the manufacturing of
phenoxyherbicides. Consumer exposure is considered to be negligible. It is currently considered of
low potential risk and low priority for further work.

SHORT SUMMARY WHICH SUPPORTS THE REASONS FOR THE CONCLUSIONS
AND RECOMMENDATIONS

The EU tonnage of (4-chloro-2-methylphenol) for the year 1989 has been estimated as a total of
15000 tons per annum based on the production volumes presented by the manufacturers and
supported by the production and consumption figures of the herbicides MCPA (4-chloro-2-
methylphenoxy acetic acid), MCPB (4-chloro-2-methylphenoxy butyric acid) and MCPP
{mecoprop 2-4chloro-2-methylphenoxy-propionic acid). The main points of emissions are at
manufacturing sites of the substance where PCOC 1s used as an intermediate for manufacturing of
the phenoxyherbicides (i.e. PCOC processing and phenoxyherbicides formulation sites) and where
these herbicides are used in agriculture (PCOC occurs as an impurity in the phenoxyherbicides).
The environmental distribution of PCOC (using a Mackay fugacity level 1 calculation (Mackay &
Paterson 1990) is expected to be 33% in air, 56% in water, 6% in soil and 5% in sediment.

The environmental exposure assessment is primarily based on monitoring data from the two main
manufacturing sttes in EU where all production and all processing of PCOC takes place, and where
approximately 60% of the production volume in EU is formulated. A worst case environmental
exposure scenario for a separate, but hypothetical, formulation site has also been constdered. PEC
local water is calculated as 0.0038 mg/l and 0.0014 mg/l for specific site and formulation,
respectively. For the exposure assessment of PCOC in sewerage treatment plants (STP), the
dissolved concentration of PCOC is assumed to be equal to the effluent concentration. The
predicted environment concentrations for the sewerage treatment plant are: 0.004 mg/l [specific
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site], 0.0013 mg/l [formulation]. The predicted environmental concentration for soil is calculated
as 0.00000088 - 0.000002 mg/kg.

PCOC is very toxic to aquatic organisms. The acute toxicity to fish LCsy (96h) was observed to be
2.3-6.6mg/l. The ECsp (48h) to daphnids was 0.29-1.0 mg/l and the ECso (96h) to algae was 8.2
mg/l and ECyo to algae (96h) was 0.89 mg/l. The NOEC (28 days) for fish was 0.5 mg/l for
histopathological changes in kidneys and liver. NOEC (21 days) for Daphnia reproduction was
0.55 mg/l. The presence of an algae ECyo, 2 long term NOEC for fish and a Daphnia reproduction
test suggest that use of an assessment factor of 10 may be appropriate. The predicted no effect
concentration (PNEC) is 0.05 mg/l. The PNEC STPgicrorgnaisms 1 obtained by using the EC50 for
inhibition of respiration of activated sludge microorganisms and an assessment factor of 100 ( 0.55
mg/l). Since no ecotoxicological data are available for soil organisms the equilibrium partifioning
method has been applied (PNEC;,i = 0.36 mg/kg).

A local nisk for aquatic organisms is not anticipated-as the predicted environment concentration is
lower than the predicted no effect concentration(regardless of whether an assessment factor of 10
or 100 is employed). Similarly the risks for microorganisms in sewerage treatment plants and for
soil organisms is not expected.

The most important sources of direct human exposure are assumed to be at production sites (with
predicted exposures of up to 0.7 mg/kg/day) or in conjunction with the use of phenoxy herbicides
where exposures of ca. 0.35 mg/kg/day is estimated. Indirect exposure is estimated as being
several orders of magnitude lower than the above values at a regional level while consumer

exposure to the substance as an impurity in lawn-treatment sprays may be as high as 0.07 mg
PCOC /kg/event.

PCOC is corrosive and toxic by inhalation but is only moderately toxic in acute mammalian tests
by other routes. The substance is not a skin sensitizer. In an OECD screening test 422, PCOC did
not cause reproductive effects in rats, Tests for repeated dose toxicity suggest an NOAEL of 200
mg/kg and a LOAEL of 800/mg/kg (slight liver toxicity and decrease in haemoglobin
concentration in the blood). PCOC was positive in an older mouse micronucleus test, but negative
in a recent valid test performed according to the current OECD guideline. It did not give rise to
genotoxicity in valid Ames tests. On the basis of current knowledge, the substance can not be
considered a mutagen,

Repeat dose toxicity is not likely to present a major health problem. The margin of safety for
workers based on a NOAEL of 200 mg/kg/day is 200/0.7 = 285. For the end-points
irritation/corrosivity the concentration is below the level of concem.

For consumers exposure may be in the order of 0.07 mg/kg for each event corresponding to a daily

dose of 9.6 x 10™ mg/kg/day. With a NOAEL for repeat dose toxicity of 200 mg/kg/day the
margin of safety is at least 20,000 for each single event.

IF FURTHER WORK IS RECOMMENDED, SUMMARISE ITS NATURE
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4 HUMAN HEALTH

41 HUMAN HEALTH (TOXICITY)

4,1.1 Exposure assessment
4.1.1.1 General discussion

P-chloro-o-cresol (PCOC) is used in the chemical industry as an intermediate in the synthesis of
chlorophenoxy herbicides, e.g. MCPA (4-chloro-2-methyiphenoxy acetic acid), MCPB (4-chloro-2-
methylphenoxy butyric acid), and mecoprop (2-(4-chloro-2-methyl-phenoxy)-propionic acid, MCPP).
PCOC is no longer produced in Denmark.

PCOC is found as an impurity in the herbicides MCPA, MCPB, and mecoprop.

During production of PCOC and in the synthe515 of other compounds (down stream uses) PCOC is
released to the environment through emitted air and waste water. As a degradation product and as an
impurity PCOC will also be found at the application sites of the herbicides mentioned above.

PCOC was detected upon branches sprayed with MCPA, 2 weeks post application, at concentrations of
8900 ppb; and upon potatoes, carrots, green lettuce and onions grown on fields adjacent to a treated
rallway bed in Northern Finland at concentrations of 0.2, 2.9, 52.9 and 593.0 ppb, respectively
(Paasivirta et al., 1983).

Concentrations in the environment are estimated in chapter 3.

The most important routes of direct exposure is by inhalation in occupational settings in the production
of the substance itseif or during use in the synthesis of other compounds (down stream: uses). Oral or
dermal exposure during production is assumed to be of relevance only in the case of accidents.

Exposure to PCOC as an impurity in herbicides such as MCPA can also occur during crop spraying.

In the Danish Product Register PCOC is only registered as a substance, but was formerly found in one
product at a concentration of around 1% in a survey carried out in 1985. With reference to information
from industry it is concluded, that no exposure takes place through use of ordinary (non-herbicidal)
consumer products.

One potential source of indirect exposure is the consumption of food treated with the herbicides, of
which PCOC is a degradation product or an impurity, and drinking of water contaminated by the
substance.

4.1.1.2 Occupational exposure

Two companies in the U.K. are high volume producers of PCOC, which is also used as an intermediate
for further synthesis at the same sites of the herbicides MCPA, mecoprop, and MCPB. In addition one
Dutch high volume producer has been identified, producing PCOC as a non-isolated part of a
continuous process which need not be reported under the Regulation. There are no data on
occupational exposure available from this producer.

No occupational exposure limits for PCOC have been found but for related substances (cresols and
chlorphenols) the values given below apply.
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The occupational exposure limit (8-hour threshold limit value (TLV)) for cresols set by the UK and
DK authorities (all isomers) is 22 mg/m® (HSE 1994, AT, 1994). For chlorphenols (all isomers) the
TLV in e.g. Denmark is 0.5 mg/m’ (AT, 1994).

Production: At one of the production sites, plant operators were monitored at the workplace and tank
farm operators were monitored whilst offloading PCOC to the road tanker on four and three occasions,
respectively (Road tanker is used to move the substance within the area). According to the
manufacturer less than 20 people are involved in these operations (pers. communication, 1997). For the
plant operators the monitoring period lasted from 183 to 238 minutes. For the tank farm operators the
monitoring period lasted from 15 to 101 minutes. Concentrations for plant operation and offloading to
road tankers ranged from below detection limit to about 5 mg/m® (equivalent 8 hour TWA’s max. ca. 5
mg/m®) (A.H. Marks, 1997b).

During cleaning operations, which were infrequent (twice per year) and whére protective clothing and
breathing apparatus was worn, a concentration of about 53.8 mg/m’® was recorded (8 hr. TWA 1.2
mg/m’). The monitoring was done at one occasion (A.H. Marks, 1997b). According to the
manufacturer, less than 20 people are involved in this operation (pers. comm.). One of the main
manufacturers has reported that the exposure actually only applies to one worker. (pers. comm., A.H.
Marks, march 6 1998)

Beside the actual operator monitoring point location monitoring in working areas was performed
showing TWA values of less than 5 mg/m’ for all instances (e.g. control room, by reactor, by holding
vessels, process scrubber, and whilst offloading PCOC to road tanker) except cleaning of the
equipment where a concentration of 1,274.8 mg/m’ was recorded (equivalent to 8 hr. TWA 18.6
mg/m’)(A H. Marks, 1997b).

For production of phenoxy herbicides, which was done at the same plant, monitoring data (operator
and point location monitoring) was of a similar order of magnitude, less than 5 mg/m’ at all occasions.
Here cleaning of the equipment was not monitored (A .H. Marks, 1997b). PCOC is used in the molten
state, which together with the corrosive nature of the substance, ensures that workers comply fully with
PPE requirements (pers. Comm., A H. Marks, march 6, 1998)

There are no monitoning data on PCOC available from the other U.X. production site. According to the
producer the occupational exposure to PCOC is regarded as being minimal, because all vessels and
sample points are enclosed and maintained under extraction with air being discharged via caustic
scrubbing columns. In addition all employees are provided with appropriate Personal Protective
Equipment which is laundered and maintained by the company (Nufarm, 1997b).

According to the producers most of the manufacture and use of PCOC do not require operator
intervention. However, there are exceptions e.g. maintenance and tanker loading and unloading. For
these operations as well as for emergency situations appropriate PPE are provided including suit (PVC
or full body cotton overalls), full face mask, PVC gloves, boots (leather or PVC), safety helmet and
glasses (A.H. Marks, 1997b; Nufarm, 1997b).

Assuming inhalation of 10 m’ of air during an eight hour work shift, for a 70 kg person, 5 mg/m’
would correspond to a realistic worst case dose for systemic toxicity of about 0.7 mg/kg/day. It can be
noted that while this concentration is less that 0.25 of the TLV for cresols and thus meets UK.
regulatory standards, it is 10 times higher than the TLV for chlorphenols, which from a chemical-
structural point of view are quite similar to PCOC.
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The EASE estimation (app. 5) of inhalation exposure during production and further processing of
PCOC assuming use pattem is closed system and the pattern of control is full containment resulted in
exposures of 0 to 0.1 ppm corresponding to 0 to 0.6 mg/m’. This range is much lower than monitored
data.

While some degree of dermal exposure may also occur, the EASE model predicts this as being of no
consequence when compared with the inhalation route (app. 5). Direct contact with the skin would
only happen in the case of accidents, where it could result in systemic toxicity as well as severe burns.

In conclusion the known corrosive nature of PCOC together with its use in the molten form ensures
that routine transfer and equipment cleaning amd maintenance operations are performed with strict
adherence to PPE requirements, resulting in minimal exposure to workers via both dermal and
inhalatton routes.

Application”: In certain occupational settings such as municipal gardening, worst case exposures may
be higher. Using a standard model for plan protection product use (Lundeher, 1992) which also
incorporates exposure during mixing and loading, a geometric mean exposure of 0.047 mg/ke/day is
calculated for hand-held (knapsack) spraying of 1 ha assuming application of 2 kg/ha MCPA with a
1% content of PCOC and 100 % absorption. The 90th percentile exposure using the same inputs
results in a total of 0.35 mg/kg/day.

4.1.1.3 Consumer exposure

PCOC 1s not found in any ordinary consumer products. It can occur as an impurity or breakdown
product in herbicides used for controlling weeds in lawns of private gardens. One such product
available in the vegetable section of a Danish super market contains MCPA in concentrations of 5.20
g/l in a one-liter plastic bottle provided with a hand pump for aerosol generation. As this form of
dispensation can lead to the highest exposures, a realistic worst case for combined inhalation and
dermal exposure of 10% is assumed. If PCOC is present as an impurity at 0.5%, and a further 0.5% is
generated by exposure of the aerosol to sunlight, a total exposure to PCOC of 5.2 mg/event, or 0.07
mg/kg/event for a 70 kg person could result.

It is difficult to assess the frequency with which such consumer exposure might occur, directions for
use on the particular product only state that it can be used during the entire growth period, but is most
effective during periods of rapid growth in May, June, July and August (Source, "Toxan" - Labelling
information, Distnibution: Bayer Denmark A/S, Gammelager 1, 2605 Brendby. In addition to MCPA,
one liter of this product is also stated to contain 1.50 g Dichloprop-p and 0.32 g Dicamba as active
ingredients). Assuming a really worst case of five times application per year the total yearly dose of
PCOC would be 5 x 0.07 = 0.35 mg/kg/fyear (= 9.6x10™ mg/kg/day).

2

During spraying, including mixing of pesticides, using sprayers on traclors the exposure is generally estimated to be around
0.00005% of the amount sprayed in a concentration of 15 g/ha using the best available technology. Using standard spraying
equipment the exposure is 0.0002% of the amount sprayed (Lund & Kirknel, 1995).

Using a standard model for plant protection product use (Lundeher, 1992) which also incorporates exposure during mixing
and loading, and assuming 2 kg MCPA per ha, with a 1% content of PCOC, a geometric mean exposure of 0.02 mg/kg body
weight/day is derived, or for the 90th percentile, 0.28 mg/kg body weight/day for 20 ha of downward vehicle-mounted

spraying,.

42 UNEP Publications

213



OECD SIDS 4-CHLORO-2-METHYLPHENOL

4.1.14 Indirect exposure via the environment

Exposure of the environment can take place during the production of PCOC itself, as well as from the
production and use of phenoxy herbicides.

At the production site the potential exposure would be through waste water and air effluent.

At sites of MCPA or other phenoxy herbicide applications, indirect exposure may occur, since PCOC
is an impurity in the herbicide and has been identified as a degradation product of MCPA.

According to USES1.0 calculations involving local indirect exposure due to use of herbicides the
following daily doses can be expected:

Intake air: 1.63x10° mg/kg/day
Intake drinking water: 8.95x10"® mg/kg/day
Intake fish: 4.04x10” mg/kg/day
Intake stem of plant: 7.97x10™"° mg/kg/day
Intake root of plant: 3.38x10™ mg/kg/day
Intake meat; 5.49x10™ mg/kg/day
Intake milk: 5.47x10" mg/kg/day

Amounting to a total human dose of 9.60x10® mg PCOC/kg/day

The EUSES calculations (November 1997) for local indirect exposure resulting from production of
PCOC are as follows:

Ready degradability Inherent biodegradability

1.18x10™ mg/kg/day
1.25x10™ mg/kg/day

Specific site*:
Formulation site™*;

2.52x10™ mg/kg/day
4.30x10™* mg/kg/day

*: Specific site incl. production, processing and formulation. The values are based on average monitoring data on emissions
from the two main manufacturers.

*#: Formulation site is a generic site where it is assumed that 10 % of the total PCOC production is forimmlated (worst case).

We assume PCOC being readily biodegradable. However, knowing the substance may be a bordetline
case, the calculations for inherent biodegradability are included for comparison purposes only.

EUSES calculations (November 1997) for regional indirect exposure assuming ready or inherent
(worst case) biodegradability. Again, inherent biodegradability has been included for comparison
purposes only:

Daily human dose through: Ready biodegradability  Inherent biodegradability
Intake air: 1.60x107 mg/kg/day 2.17x10"7 mg/kg/day
Intake drinking water: 4.49x10°¢ mg/kg/day 8.05x10°° mg/kg/day
Intake fish: 7.74x10°° mg/kg/day 1.39x10”° mg/kg/day
Intake from leaf crops: 2.44x107 meg/kg/day 3.31x107 mg/kg/day
Intake root of crops: 2.56x107 mg/ke/day 3.01x107 mg/kg/day
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Intake meat; 1.29x10°° mg/kg/day 2.25x10”7 mg/kg/day
Intake milk: 7.60x10™"° mg/kg/day  1.33x107 mg/kg/day
Regional total daily intake: 1.29x10° mg/kg/day 2.28x10°® mg/kg/day
4.1.1.5 Combined exposure

Some parts of a population are exposed to PCOC both during work and during indirect exposure via
the environment.

A person working at a production site for PCOC and/or phenoxy herbicides or a person spraying
phenoxy herbicides on a field might apart from the occupational exposure also be exposed via the
environment. However, the potential routes of exposure differs and as can be seen from 4.1.1.1.,
4.1.1.2.; and 4.1.1.3. the magnitude of the exposure varies greatly. In table 1 the calculated exposure
data are given. ' S

Table 1. Calculated exposure data excl. agricultural spraying’

Exposure mg PCOC/kg/day
Occupational exposure during production 0.7
Spraying (municipal - hand spraying) 0.35
Consumer exposure A 9.5x10™
Indirect regional exposure via the environment 1.3x107
Local indirect exposure* 1.2x10%
Combined exposure, total 1.05 PCOC mg/kg/day

*: Local indirect exposure resulting from production, formulation or processing is estimated assuming ready
biodegradability.

4.1.2 Effects assessment: hazard identification and dose (concentration) - response (effect)
assessment

All the PCOC studies below that were performed by Scantox, Denmark and Teknologisk Institute were
conducted in accordance with the OECD gutdelines for testing of chemicals and GLP. The identity of
the substance was as described in chapter 1 i.e. 97.09% 4-chloro-2-methylphenol, 1.21 % 6-chloro-2-
methylphenol, 0.92% 2-methylphenol, and 0.78% 2,4-dichloro-6-methylphenol. The study by the
Institute of Toxicology in Denmark (Hansen, 1996) used a 97% pure Aldrich PCOC batch no. C5.520-
8. The study by Hattula ez al. (1979) used 100% pure PCOC.

4,1.2.1 Toxico-kinetics, metabolism and distribution

Very little is known about the toxico-kinetics, metabolism, distribution, and excretion of PCOC in
humans and experimental animals. However, from the acute toxicity studies it can be inferred that
PCOC can be taken up in the body through the gastro-intestinal tract, the skin, and via inhalation,
There is no information on the metabolism and excretion of PCOC.

3 Table 1a. Calculated exposure data for agriculiural spraying for comparison purposes only.
Exposure mg PCOC/kg/day

Spraying {agricultural) 0.28
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The concentrations of PCOC in liver, kidney, spleen, and muscle was studied in an acute and a repeat
dose study (Hattula ef al., 1979). After 28 days of dosing by gavage with 100, 250, or 500 mg
PCOC/kg, PCOC was found in the highest concentration 2.81 mg/kg in the spleen, and in the lowest
concentration 0.27 mg/kg in muscle tissue in the high dose group. In the low dose group only traces of
PCOC were found.

PCOC was found in concentrations of 47-31 ug/g in the liver of rats receiving 2-3 g/l MCPA in the
drinking water for three months (Hattula ef al.,, 1977). A recent rat metabolism study with MCPA
performed at Hazleton Lab. showed that PCOC was not a metabolite. It is therefore possible that the
PCOC in the Hattula - study was a contaminant of MCPA (Jahanshahi J., 1995).

Acute toxicity

Animal data: Acute oral toxnclty

In a guideline (401) study using five male and five female rats per group and dosing by gavage with
the doses 1728, 2488, 3583 and 5160 mg/kg with oleum arachidis as vehicle, an LDsg of 3195 mg
PCOC/kg (range 2698 - 3834 mg/kg) was found.

In the 5160 mg/kg group all animals died within one hour after dosing, in the 3583 mg/kg group 5
deaths occurred up to 6 hours after dosing, in the 2488 mg/kg group three deaths occurred within one
day after dosing, and in the 1728 mg/kg group no deaths occurred. Symptoms observed just after
dosing at all dose levels were paresis and depressions. On the second day, ruffled fur, which lasted to
day five in the 3583 mg/kg group, was seen. Animals that died during the observation period showed
bleeding in the mucous membrane of the stomach at autopsy. Animals sacrificed after the 14 days
observation period showed no dose related macroscopic changes. However, two of the animals from
the 2488 mg/kg group, sacrificed after the 14 days observation period, showed infiltrations between the
oesophagus area of the ventricle and the diaphragm. In one animal from the high dose group,
infiltrations between the oesophagus area of the ventricle and the liver were seen (Scantox, 1982b).

Groups of ten male Wistar rats, 2-3 months of age, were given 1000 , 1100, or 1200 mg PCOC/kg with
the substance dissolved in olive oil. The animals were all killed 24 hours after dosing. A LDsq of 1190
mg/kg was derived (Hattula er al, 1979). At the histopathological examination the following
observations were made: At 1000 and 1100 mg/kg inflammatory mononuclear infiliration was seen in
.many glomeruli in the kidney. Inflammatory infiltrations were also seen in other parts of the kidney
mostly around distal tubules. At 1200 mg/kg also histopathological alterations in the liver and spleen
were seen. In the liver numerous pycnotic nuclei and hydropic degeneration of cytoplasm were
observed. In the spleen the reaction centres were unusually large (Hattula et af., 1979).

Further studies on the acute oral toxicity of PCOC to rats include BASF (1978) and Hazleton (1977).
These test reports have not been available, but their results (see table 1} are in accordance with the
results of the only guideline study available (Scantox, 1982b). It can be concluded that PCOC not only

shows corrosive properties but also properties resulting in systemic effects i.e. effects on liver and
kidney.

In rats the oral LDsy of PCOC is above 2.000 mg/kg in the most reliable study.

In mice, Schrétter et al. (1977) report the oral LDsy of PCOC as being 1330 mg/kg, but few
experimental details are provided,

UNEP Publications 45

216




OECD SIDS : 4-CHLORO-2-METHYLPHENOL

In range finding studies of PCOC in aqueous gum tragacanth emulsion, mice died consistently at lower
doses (4/4 at 1200 mg/kg and 3/4 at 576 mg/kg) suggesting that the vehicle may play an important role
in determining absorption following oral administration (Huntingdon, 1997).

Animal data: acute inhalation texicity

" Groups of five male and five female rats were exposed to an aerosol containing 0, 5.79, 8.33, 9.11, or

10% PCOC in 50% alcohol for 4 hours following OECD Guideline 403. All deaths during the study
occurred during exposure or within the first hour after exposure. The deaths were distributed as follows
between the groups: control 0 deaths, 5.79% 0O deaths, 8.33% two deaths, 9.11% four deaths, 10% 7
deaths. The L.Cso was calculated as 900 mg/m® (0.9 mg/l range 0.83 - 1.08 mg/1) (Scantox, 1983a). The
alcohol aerosol was used as it was not possible to generate a ‘dust aerosol, as the test substance
clumped. The LCsp-value is based on the nominal concentration in the experiment. The symptoms
observed during and after exposure were respiration difficulties, depressions, ruffled fur and bleeding
from the nose. These symptoms occurred in a dose related manner. Petechiae of the lungs were also
observed.

At macroscopic examination of the animals that died up to the first hour after dosing bleeding of the
lungs and a thin, mucous, yellowish content of the small infestine were found.

Another study was performed by Hazleton Lab in 1977 1s cited from BUA (1994). The original report
is not available and the study was carried out before guidelines were in general use. By inhalation of
2000 - 30.000 mg PCOC/m’ (average particle size of 0.6 um) for 4 hours no deaths occurred but
swelling red noses and lips were seen. In one animal blood was found in the urine.

Animals sacrificed immediately after the exposure pertod or after 14 days of observation period
showed no alterations in the lung or essential organs.

Animal data: acute dermal toxicity

Groups of five male and five female rats were dermally dosed with 1667, 2000, 2400, or 2880 mg
PCOC in oleum arachidis in a guideline study (402). A LDsg of 2240 mg/kg (range 2023 -2484) was
calculated from the observed deaths (Scantox, 1982c¢).

In the 2880 mg/kg group 9 animals died within 6 hours after dosing, in the 2400 mg/kg group six
animals died within one day after dosing, in the 2000 mg/kg group four animals died within one day
after dosing, and in the 1667 mg/kg group no animals died. At necropsy bleeding of the lungs, a
mucous, red-yellow content of the jejunum, enlarged kidneys and blood or blood coagulum in the
bladder plus bleeding of the bladder wall were observed. '

During the first 24 hours after treatment blood was observed in the urine of all rats. From the day after
treatment erythema and.oedema at the application sites were seen. Paresis occurred in nearly all
animals 1 to 6 hours after treatment. Depressions occurred up to 2 days after treatment, and ruffled fur
up to 3 days after treatment. In animals sacrificed on day 14 weak bleeding of the intestine (jejunum)
was observed in five of the rats (dose levels not stated).

In table 1 the acute toxicity data found for PCOC are given without any comments on quality of the
studies.

Table 1. Data on acute toxicity of PCOC

species application dose effect [iterature
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rat oral 3.195 mg/kg LD Scantox, 1982b

rat oral 1.190 mg/kg LDsg Hattula et al, 1979
rat oral 2.650 mg/kg LDs, Hazleton Lab, 1977
rat oral 2.700 merkg LDso  BASFAG, 1978 *
mouse oral 1.330 mg/kg LDsp Schrotter et al, 1977
rat Lp. 794 mg/kg LDy Hattula et al, 1979
mouse Lp. 570 mg/kg LDsp BASF AG, 1978 *
rat inhal, 4h. 900 mg/m’ LCs Scantox, 1983a

rat inhal, 4h. >30.000 mg/m’ LCso Hazelton Lab., 1977
rat dermal 2.240 mg/kg LDse Scantox, 1982¢

rat dermal >5.000 mg/kg LDsg Hazleton Lab,1977*

*: unpublished results sited in a BUA report (BUA, 1994).

In relation to acute oral, dermal and inhalation acute toxicity the Scantox Reports (1982b,c, 1983a) are
found to be most reliable. For the acute oral toxicity the Hazleton and BASF studies support the oral
LDsy found by Scantox. Poor reporting of the Hattula study makes its interpretation difficult. No
details are available which would allow further interpretation of the Hazleton inhalation study.

The overall conclusion for acute toxicity is:

LDSO oralrat = 2650 - 3 1 95 mg/kg
LCs0 inbeat = 0.9 mg/l (as an EtOH aerosol}
LDsg dermal,rat — 2240 mg/kg

4.1.2.2 Irritation

&
4.1.2.3 Corrosivity
Animal data: skin irritation

In a guideline (404) study 6 female rabbits were dermally exposed to 0.5 g PCOC in 0.1 ml oleum
arachidis. A primarily imitation index of 8.0, the maximum value obtainable, was calculated.

Immediately after removal of the test substance the skin was white as a sign of initial necrosis
(Scantox, 1982d).

BUA (1994) reports a study of Hazleton labs (1977), where rabbits received 500 mg PCOC on the
shaved back m a semi-occlusive bandage. It is not stated if a vehicle was applied, and what time of
exposure was used. After 12 hours necroses were observed and after 24 hours pronoanced erythema
with light oedema was observed

BUA (1994) reported a study of BASF where occlusive exposure to 80% of PCOC in water was
carried out (species used and amount applied not mentioned). It was concluded that PCOC was very
corrosive. After only one minute of exposure necrosis was found. After 20 minutes the necrosis was

very pronounced, and after 8 days it had not disappeared. On day 8 after application the skin was still
scarred.

UNEP Publications ' 47

218




QECD SIDS 4-CHLORO-2-METHYLPHENOL

In the rabbits eye BUA (1994) citing BASF reports 50 mg PCOC in an 80% agueous solution as
strongly corrosive. The eye turned red and after 1 hour oedema and opacity of the cornea was found.
After 8 days the clinical observations were the same and a staphyloma was found.

In conclusion, some of the studies conceming corrosive effects of PCOC are cited from secondary
references, but together with the results of the irritation test (Scantox, 1982d), they indicate that PCOC,
according to EU criteria, may be classified as corrosive with R35: causes severe burns, in agreement
with classification by the manufacturers.

At least one human fatality attributed to PCOC poisoning has been reported following exposure of the
face and neck to a momentary blast of PCOC and steam during a workplace accident. Tt was not
possible to estimate the dose or concentration involved (Pers. comm., HSE, UK. 1996).

41.2.4 Sensitization

In a Guinea Pig maximization test carried out according to OECD guidelines (Scantox, 1982e) PCOC
caused no sensifization. 40 female albino Guinea Pigs were used n the study. As the provocation test
with 30% solution of PCOC caused erythema, a further provocation test with 10% and 20% of PCOC
applied on the left and right flank, respectively, was carried out a week later. No clear differences
between the control group and the test group were found at this occasion. Some animals of both groups
were reacting with erythema (score 1-2). The reactions in the two groups were of the same magnitude.
Macroscopically none of the reactions appeared to be an allergic.

The report by BUA (1994) mentions another negative sensitization study. However, the study does not
seem to have been reported properly.

4.1.2.5 Repeated dose toxicity
There are three available studies on repeated dose toxicity of PCOC.

In a guideline (407) study groups of five male and five female rats were given 0, 50, 200, or 800 mg
PCOC/kg in oleum arachidis by gavage for 28 days (Scantox, 1982a). During the last three days of
dosing three rats from the 800 mg/kg group showed salivation afier dosing, and on the last day of
dosing three rats from the group had ruffled fur. Body weight gain and feed consumption did not differ
between groups. In blood parameters the thromboplastin time and the number of leukocytes were
statistically smaller in females from the 800 mg/kg group. In males from the same group the
erythrocyte count was statistically significantly reduced. Serum alanine-aminotransferase (ALAT) was
statistically significantly increased in males of the 800 mglkg group, and marginally increased in
females. In females from the 800 mg/kg group relative and absolute liver weights were significantly
increased.

No histopathological changes were seen in any organ at 800 mg/kg. The changes of ALAT and liver
weights in the 800 mg/kg group indicated mild toxicity to the liver, It was concluded in the test report
that 800 mg/kg i1s a LOAEL, and that 200 mg/kg is a NOAEL.

Hattula et al. (1979) dosed groups of ten male Wistar rats with 0, 100, 250, or 500 mg PCOC/kg in
olive oil for 28 days by injection (gavage). It is very difficult to interpret the results of this study,
basically because of lack of tables and explanations to the few tables given. However, at 100 mg/kg all
investigated organs were normal except for the small intestine, which had necrotic areas of the mucosa.
The dose relationship of the other histopathological observations mentioned is obscure. It is stated that
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blood analyses showed that leukocytes were decreased with larger doses. Az 500 mgkg a clear-cut
leucopenia was found.

In a combined repeated dose/veproduction screening test carmied out according fo OECD drafi
guideline 422 (Emst Hansen, "4-Chloro-2-methylphenol," National Food Agency, 1996) groups of 10
male and 10 female rats per dose were given 0, 50, 200, or 600 mg PCOC/kg in soybean oil by gavage
for two weeks prior to mating until day 20 of gestation i.e. dosing was for a total of 40-45 days.

Weight gain was slightly reduced, and water consumption increased in the highest dose groups. Males

in the 600 mg/kg group showed a decrease in haemoglobin concentration (p<0.01). (A slight decrease

in plasma creatine (p<0.05) in the middle dose group was considered to be without physiclogical
significance.}

A dose-related decrease in the absolute and relative weight of the adrenals of female rats was seen
(p<0.05 at 200mg/kg, p<0.01 at 600 mg/kg) but was unaccompanted by histopathological changes, and
without obvious toxicological significance. ,
No effects were seen in other macroscopic and histological examinations of the organs. No
behavioural changes were found by a functional observational battery, or in motor activity. It was
concluded that the NOAEL was 200 mg/kg.

With regard to respiratory irritation and corrosivity after repeated dosing no data are available.
However, due to the caustic properties of the substance it seems unlikely that an inhalation study
would add any new information on the systemic toxicity. Further, it seems that the way the substance is
handled and used in the existing productions do not lead to any respiratory problems. At both
production sites health surveillance programmes including examination of the respiratory function
have been undertaken for several years. According to the medical reports submitted by the producers
no significant increase in any specific symptoms such as sore throats, coughs and changes of lung
function and no significant group changes of lung function have been observed (A.H. Marks, 1997b;
Nufarm, 1997b).

4,1.2.6 Mutagenicity
Genetic toxicity in vitro

According to Ames, et. al. 1975, and/or OECD guideline 471 four direct plate Ames tests {Résanen e/
al., 1977 ; Teknologisk Inst, 1982; Strobel & Grummt, 1987, BASF, 1988) and one pre-incubatton

Ames test (BASF, 1988) have been carried out to study the mutagenicity of PCOC in the dose range 1-
500 pg/plate.

Ames direct plate test was performed with the Salmonella typhimurium strains TA1537, TA1535,
TA100, and TA98 at 0, 1, 5, 10, 50, 100, and 500 pg/plate with and without metabolic activation. The
identity of the substance was as described in chapter 1. There was clear general toxicity in all strains at

500 pgfplate, but none of the strains showed an increase in the number of revertants/plate-(Teknologisk
Institut, 1982).

Ames direct plate test was performed with the Salmonella typhimurium sirains TA1537, TA1535,
TA100, and TA98 at 0, 0.5, 5, 50, and 500 pg/plate with and without metabolic activation. None of the
strains showed an increase in the number of revertants/plate (Résénen et al. 1977).

Ames direct plate test was performed with the Salmonella typhimurium strains TA1537, TA1535,
TA100, and TA98 at 0, 20, 100, 500, 2500, and 5000 pg/plate and at 0, 4, 20, 100, 500, and 1500

UNEP Publications 49

220



OECD SIDS 4-CHLORO-2-METHYLPHENOL

pg/plate with and without metabolic activation. There was clear general toxicity in all strains at and
above 500 ug/plate, and none of the sirains showed an increase in the number of revertants/plate
(BASF, 1988).

An Ames direct plate test using the strains TA98, TA100, TA97 and TA104 at 10, 25, 50, 100, 250,
500, and 1000 pg/plate with and without metabolic activation showed a 4.4 fold dose related increase

‘with TA97-S9 and a 5.4 fold dose related increase with TA97+89. Only these results were significant.

At the highest dose a toxic effect was found in all the strains (Strobel & Grummt, 1987). The report of
these results in the literature leaves open some questions with regard to the interpretation of results.
For this reason an additional test was performed.

In this new test, 97% PCOC (Aldrich lot no. 3302005) was dissolved in DMSQ and tested according to
the Salmonella/microsome standard plate assay in S. fyphimurium strains TA-97 and TA-98 at doses of
500, 250, 100, 50, 25 and 10 ug/plate with and without S9-mix (at 2 and 4 mg S9 protein/plate). No
mutagenic effect was seen with or without metabolic activation in either strain. The experiments were
repeated again with the same results. (Binderup, "4-Chloro-2-methylphenol: Assessment of mutagenic
potential," National Food Agency of Denmark, 1996:)

In the Ames test with pre-incubation (BASF, 1988) Salmonella typhimurium strains TA1535, TA100,
TA1537, and TA98 was used with and without metabolic activation in concentrations of 0, 4, 20, 100,
500, and 1000 ug/plate and 0, 15, 30, 60, 125, and 250 ug/plate (two separated series). General toxicity
occurred at dose levels of 125 pg/plate or higher, There was no increase in the number of
revertants/plate.

Genetic toxicity in vive

In a micronucleus assay performed according to the first version of OECD guwideline 474 male and
female mice were dosed by gavage with 1600 mg PCOC/kg in 10 ml of peanut 0il, corresponding to
the maximum tolerable dose. Bone marrow cells were harvested at 24, 48, and 72 hours post dosing. A
significant (p< 0.0007) increase (4-6 times) in the frequency of micronuclei was observed in the dosed
animals at all harvesting times (Scantox, 1982f). Tt was noted that there was no clear evidence of a
time-course for these effects. The incidences of micronucleated cells in treated animals were not
particularly high compared to published data for untreated mice, while the incidence in the control
group was lower than what would usually be expected. It was not possible to re-examine concurrent
control data to obtain information on background rates, as the records are no longer available.

A new mouse micronucleus assay was performed in 1997 according to current guidelines (EEC , 29
December 1992, Official Joumal of the European Communities No. L358B: Methods for
determination of toxicity, B12: Mutagenicity (Micronucleus test) p. 124), including the OECD
guideline revision (OECD 1996) recommending use of aqueous suspending agents for poorly soluble
substances. The test substance, 99.3% pure PCOC consisting of 50% of current production lots from
each of the two UK. producers was suspended in aqueous 0.5% gum tragacanth, A preliminary
toxicity test indicated that in this vehicle, the maximum dose which did not induce excessive lethality
was approximately 400 mg/kg. For the Micronucleus test, groups of 5 male and 5 female mice were
dosed by gavage with 20 ml/kg suspensions of test substance corresponding to 100, 200 and 400
mg/kg body weight of PCOC, using the vehicle alone as the negative, and Mitomycin C as the positive
control.

Severe lethargy was noted shortly after dosing at 400 mg/kg. One female in the high dose group died ,
and was replaced by another female from the concurrently-treated satellite group. No adverse clinical
signs were observed for the positive or negative control groups during the duration of the test.
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Bone marrow samples were examined (1000 erythrocytes per smear) after 24 hours and 48 hours and
did not show any substantial increase in the incidence of micronucleated immature erythrocytes or
decrease in the proportion of immature erythrocytes. It was concluded that PCOC did not show any
evidence of causing chromosome damage or bone marrow cell toxicity in this fest. The positive
contro! caused highly significant (P<0.001) increases in the number of micronucleated immature
erythrocytes at both 24 and 48 hours. Results for PCOC treated and control animals were within the
expected range for unaffected mice based of published information and laboratory control data
(Huntingdon, 1997).

While cytotoxic effects were not seen in the bone marrow, there is little to suggest that PCOC would
not be absorbed, or would break down prior to reaching this site. Clear evidence of leukopenia seen in
the two repeat-dose studies is highly suggestive bone marrow effects. /n vivo mutagenicity studies of
the meta isomer of chlorcresol (4-Chloro-3-methyl phenol, Cas. no. 59-50-7) showed a similar pattern,
with no change in the observed PCE/NCE ratio and no clastogenic activity (mouse micronucleus test,
oral, 200 and 400 mg/kg, 24 hours: mouse micronucleus test, single 1.p. injection of 125 mg/kg - 10 %
mortality - investigations at 24, 48 and 72 hours post dosing, stat. significant response in
cyclophosphamide control) (BUA, 1993 - U.S. EPA 1997).

Conclusion on mutagenicity.

PCOC was negative in 3 Ames tests, equivocal in one, and negative in repeat tests of the equivocal
strain. An oral mouse micronucleus performed in 1982 according to the first OECD guidelines was
positive. A repeat of this test in 1997 using modemn guideline recommendations and possibly a more
suitable test vehicle was clearly negative. Using the best available data PCOC cannot be considered a
mutagen.

4.1.2.7 Carcinogenicity
For 4-chloro-o-cresol (PCOC) no studies in humans or anumals are available.
Human data on phenexy herbicide production

A cohort study of workers employed in manufacturing of phenoxy herbicides, primarily MCPA, in
Denmark before 1982 was carried out. The study seems to support the Swedish observation of an
increased risk of soft tissue sarcomas following exposure to phenoxy herbicides. The purpose of the
study was to shed further light on the potential carcinogenic effect indicated by a Swedish case control
study of the 24-dichlorophenol and 4-chloro-o-cresol based phenoxy herbicides unlikely to be
contaminated with 2,3,7,8-tetrachlorodibenzo-p-dioxin.

Cancer cases were identified by linkage with the National Cancer Register. Special attention was given
to soft tissue sarcomas and malignant lymphomas. Five cases of soft tissue sarcomas were observed
among male employees in contrast to 1.84 expected cases, RR=2.72, CI95 =0.88-6.34 (Lynge, 1985).

An update of the above mentioned cohort study (Lynge, 1993) adds data for the period 1983-87. Based
on small numbers the study adds to the evidence for a possible association between phenoxy herbicide
exposure and risk of soft tissue sarcomas. There are, however, a number of possible confounders in
these studies, and the overall cancer incidence of workers employed in manufacturing and packaging
of phenoxy herbicides was the same as for the Danish populatlon (66 observed v. 64.27 expected, SIR
1.0, 95% CI1 0.8-1.3).
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TARC (1987) concluded that the chlorophenoxy herbicides should be placed in group 2B because of
limited evidence for carcinogenicity to humans and because no adequate published data were available
on the carcinogenicity of MCPA to antmals.

“While PCOC is a breakdown product and possible contaminant of (impurity in) MCPA, implications

of these finding for the effects of PCOC itself can remain only speculative,
4,1.2.8 Toxicity for repreduction

In a combined repeated dose/reproduction screening test carried out according to OECD draft guideline
422 (Hansen, 1996) groups of 10 male and 10 female rats were given 0, 50, 200, or 600 mg PCOC/kg
i soybean oil by gavage for two weeks prior to mating and unfil day 20 of gestation. No toxic effects
on any reproductive or developmental parameters were observed, resulting in a no effect level for these
endpoints of 600 mg/kg.

In a recently conducted in vitro assay for estrogenic effects using human breast cancer cells (Komer et
al, 1996; Komer et al, 1997), PCOC was found to express activity comesponding to 1x107 that of 17-
B-Estradiol. Tt ts difficult to evaluate what possible influence this might have on reproductive
parameters.

Risk characterisation
4.1.2.9 General aspects

Major effects of possible concem are corrosivity, acute inhalation toxicity and repeat dose toxicity.
Direct exposure is possible for production workers, and indirect exposure for workers, consumers and
the general population.

The human nisk assessment according to the pesticide scenario is not conducted based on a deciston at
EU Technical meeting on risk assessment of existing substances (TM III, Nov.1996) referring to this
part of the risk assessment being conducted by DGVI working group on risk assessment of plant
protection products.

4.1.2.10  Workers®

Production facility workers (see 4.1.1.2. for exposure levels). Realistic worst case exposure is likely to
be of the order of 0.7 mg/kg/day according to information provided by one of the producers (A.H.
Marks, 1997b).

* Herbicide application workers. (see 4.1.1.1. for exposure levels).
The exposure PCOC as a 1% impurity in MCPA can be in the order 0.28 mgkg/day (agricultnral) or 0 35 mg/kg/day
(municipal weed control).

For the end-points irritation/corrosivity the concentration is below the level of concemn. For repeat dose toxicity this should
not present a major health problem, e.g. for repeat dose toxicity the margin of safety based on a NOAEL of 200 mg/kg/day
is 200/0.35=571.

The margin of safety for effects is in the order of 300-600, thus workplace exposure to PCOC does not seem to present a
major risk.
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Repeat dose toxicity is not likely to present a major health problem. The margin of safety based on a
NOAEL of 200 mg/kg/day (slight effect on liver enzyme (ALAT), haemoglobin conc.) 1s 200/0.7 =
285.

Also the end-point iritation/corrosivity does not seem to cause any health concemn. In situations with
possible contact with the substance safety measures, such as wearing appropnate PPE, are prescribed
in the existing productions. Further, health surveillance programmes including examination of the
respiratory function have been undertaken for several years. According to the medical reports
submitted by the producers no significant effects on the respiratory system have been observed.

It should be stressed that direct skin contact with PCOC can lead to burns and/or irritation, but that
adequate warming of this effect is given by the manufacturers classification (R-35) and that the weanng
of approriate PPE is compulsary when exposure at the workplace is possible (according to the UK
Control Of Substances Hazardous to Health regulation - referred to in (Marks A H , 1997a)).

Conclusion of the risk assessment for workers:

( )1)  Thereis need for further information and/or testing

(X)) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already

( }iii) There is a need for limiting the risks; risk reduction measures which are already being applied
shall be taken into account

4.1.2.11 Consumers

For this group exposure may be in the order of 0.07 mg/kg for each event corresponding to a daily dose
of 9.6x10"* mg/kg/day (see 4.1.1.3. for further details). With a NOAEL for repeat dose toxicity of 200
mg/kg/day the margin of safety is at least 20,000 for each single event.

Conclusion of the risk assessment for consumers:

()i)  There is need for further information and/or testing

{(X)11) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already

()ii) There is a need for limiting the risks; risk reduction measures which are already being applied
shall be taken into account
4.1.2.12  Man exposed indirectly via the environment

The exposure of man indirectly via the environment through herbicide use is likely to be 10x10°
mg/kg/day via human intake media.

Regional exposure resulting from production of PCOC is estimated as being low (1.3x10™ mg/kg/day),
while local indirect exposure estimates of 1.2x10™ mg/kg/day does not give rise to immediate concern
with regard to corrosivity or repeat dose toxicity.

Conclusions of the risk assessment for man exposed indirectly via the envirenment:

()1)  There is need for further information and/or testing
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(X)11) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already

()11} There is a need for limiting the risks; nisk reduction measures which are already being applied
shall be taken into account

4.1.2,13  Combined exposure

On the basis of the conclusion made in 4.1.1.2. and 4.1.1.3. a consumer, who also works at a
production site and sprays garden herbicides, will receive the highest dose of PCOC during work and
during gardening activities of 1.05 mg/kg/day. The dose received indirectly via the environment is low
compared to this, 1.2x10™ mg/kg/day, but would occur regularly. A margin of safety of 190 (200
mg/kg /1.05 mg/kg) would not seem to present undue misk.

Conclusions of the risk assessment for man during combined exposure:
{()1)  There is need for further information and/or testing

(X)ii) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already

(}iii) There is a need for limiting the risks; risk reduction measures which are already being applied
shall be taken into account

HUMAN HEALTH (PHYSICO-CHEMICAL PROPERTIES)

4.1.3 Exposure assessment

The substance PCOC gives no reason for concern in relation to the following physical-chemical
properties. The tests performed all gave or were expected to give negative results.

4.1.3.1 Occupational exposure
4.1.3.2 Consumer exposure

Indirect exposure via the environment
Effects assessment: Hazard identification and Dose (concentration) - response (effect) assessment

4.1.3.3 Explosivity

Explosive properties have not been tested. No reports of explosive properties were found in the
available literature; nor does the chemical structure contain any elements associated with explosivity.

4.1.3.4 Flammability

The substance does not bum according to methods used (EF 3.10 and EF 3.10 mod.), nor is it
flammable in contact with water. (Quist Laboratory, 1983).

4,135 Oxidizing potential
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The substance was classified as non oxidizing according to the test method from the working group PC
11 Annex V EEC/831/79, sixth amendment of Dir. 67/548/EEC. (Dantest, 1983).

414 Risk characterisation

It ts not likely that any of the above mentioned adverse effects should occur under the conditions
mentioned.

5 CONCLUSIONS

The documentation varies from original studies according to OECD test guidelines with GLP to
literature references of varying quality. 4-Chloro-2-methylpheno! (PCOC) is used in the industry as an
intermediate in the synthesis of the phenoxy herbicides MCPA, MCPB and mecoprop (MCPP). From
the industrial production, processing and formulation PCOC is emitted to air and waste water. The
produced pesticides contain PCOC as impurity (normally < 1%, 0,5% estimated as realistic worst
case). The use of the pesticides in the agriculture as herbicides results in exposure to soil of PCOC as
an impurty and degradation product.

As MCPA is transformed to PCOC, and PCOC has a high vapour pressure, the atmosphere will receive
a contribution from application of the above mentioned pesticides, PCOC has a low to medium adsorp-
tion and may be considered mobile in some soils.

PCOC is according to an experiment primarily degradable by photolysis in clean water with a half-life
of 4 days. However, a re-estimation of photolysis to typical EU surface water resulted in an estimated
photolytic degradation half-life of 300-700 days and therefore photolysis is considered negligible. The
available biodegradation data are somewhat conflicting but based on a judgement of the balance of
evidence the “realistic worst case” aerobic biodegradation half-life of PCOC in soil is estimated to be
21 days, whereas no biodegradation has been found under anacrobic conditions. The aerobic bi-
odegradation half-life in surface waters is also estimated to be 21 days. The estimated half-life in
biologtcal waste water treatment plants is 0.7 hour resulting in an estimated removal of 88% which is
in general accordance with simple mass balance estimations from one of the main manufacturers sites.
The substance is therefore considered to be ready biodegradable (borderline).

PCOC has been found in water, soil, air and groundwater. In water occurs mainly around emission
sources, in air near fields applied with MCPA or MCPP, and in soil and biota after the application of
the herbicides. The findings in groundwater are assumed to be the result of mobility and reduced
degradation under anaerobic conditions.

The exposure assessment is primanly based on monitoring data from the two main manufacturing sites
where all production and all processing of PCOC takes place and where approximately 60% of the
production volume is formulated. A worst case environmental exposure scenario for a separate
formulation site is included mn the risk assessment.

The emissions to surface water from production sites are local and the risk assessment based on
monitoring data (Csrp + inuent and actual dilution in STPs) and TGD default environmental exposure
assesment for formulation site where 10% of the production volume of phenoxy acids is formulated.
Because only the STPs receiving waste water from one of the production sites and the formulation sites
are using sludge application to soil, The sludge application is considered local.
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PCOC is very toxic to aquatic organisms. The acute toxicity to fish LCso (96h) was observed to be
about 2.3-6.6 mg/l. The ECs (48h) to daphnids were 0.29-1.0 mg/l. The ECs, (96h) to algae was 8.2
mg/l and the EC,, (96h) was 0.89 mg/l. The long term toxic effects were observed in fish to have a
NOEC(28d) of 0.5 mg/l and the Daphnia reproduction NOEC(21d) was 0.55 mg/L.

The PECiocatwatery PNECaquatic organisms relationship is < 1. Model calculation using EUSES version 1.0
supports the assumption of no risks for adverse effects in the aquatic environment and for the
microorganisms of STPs.

There are no data available on the terrestrial toxicity. The equilibrium partitioning method is applied as
a conservative calculation, comparng PEC,oi, porewater With PNEC quatic orpanisms: PECsot/PNEC < 1.

PEC.,;:: There are no effect data present and no relation PEC/PNEC can be calculated.

PCOC has a bicaccumulation potential based on log Kow 3.09, but BCF found in fish was low {< 30).
The risk characterisation of secondary poisoning is therefore not performed.

The substance is considered to be of no concem to aquatic organisms and microorganisms of STPs,
and no further information on environmental release from production and formulation facilities is re-
quired.

No current evidence was found for the use of PCOC as such in products, although it may formerly
have been employed as a disinfectant. Direct exposure is therefore likely to be restricted to those in-
volved in the manufacture and handling of PCOC, and in conjunction with its use in the manufacture
of phenoxy herbicides. Based on limited information, exposures in the range of 0.02 - 0.7 mg/kg/day
are estimated for these activities.

The main exposure of human beings to PCOC 1s likely to be via production, or use of phenoxy herbi-
cides which may contain it as an impurity (< 1%), or as a breakdown product following exposure of
herbicides to sunlight, or to their metabolic transformation to the substance. It 1s difficult to quantify
exposure occurnng through fransformation, but this 1s assumed to be less than 1%. During produciion,
a realistic worst case exposure of 0.7 mg/kg/day is indicated In conjunction with agricultural
application of herbicides, a worst-case estimate of exposure to PCOC of 0.28 mg/kg/day is obtained.
Municipal gardeners may be exposed to higher levels with an estimate of .35 mg/kg/day suggested as
a realistic worst case.

Similarly, some consumer exposure should also be expected, as the same herbicides can be used in
fawn treatment and similar gardening activities. While no detailed information was found on such
exposures, it may be amount to 0,07 mg/kg per event. Assuming a really worst case of five events per
year, the total yearly dose of PCOC would be 0.35 mg/kg/year corresponding to 9.6x10™ mg/keg/day.

Indirect exposure via the environment resulting from partitioning into atr/water/soil and biomagnifica-
tion in food sources is low at a regional level, combined secondary exposure estimate being in the
range of 1.40x107° mg/kg/day of PCOC. Local indirect exposure estimates. are about 1.2x10™

mg/kg/day.

The acute toxicity of PCOC (LDs, oral rat 2650-3196 mg/kg, 1.Dsy dermal rat 2240 mg/kg, L.Csp inhal.
rat 4h 0.9mg/l or >30 mg/l) does not give rise to immediate concern, particularly considering that the
substance (crystalline needies) is unlikely to form aerosols or dusts, and that PPE is mandated during
handling of the substance.
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PCOC is corrosive in high concentrations, and has been assigned risk phrase R-35 by the
manufacturers which should provide adequate waming to those handling it in industrial settings. No
consumer exposure is expected at concentrations which could approach that required for cormrosivity.
No sensitization was observed in a Guinea pig maximization test and no case studies indicating sensiti-
zation of persons handling the substance were found.

There were no effects on reproduction according to OECD screening test 422 at doses of up to 600
mg/kg for a total of 40 days.

In 28-day repeat dose studies in rats, the best NOAEL appears to be 200 mg/kg, with a LOAEL of 800
mg/kg where salivation after dosing and ruffled fur was seen in some animals. At this dose, levels of
serum alanine-aminotransferase were increased in males, and effects were seen on blood parameters
(reduced thromboplastin times, reduction of leukocyte and erythrocyte counts). Liver weights in fema-
les were increased, but no histopathological changes were seen in this, or any other organs examined,
Decreased adrenal weights were also seen in females at 200 mg/kg and above, but were
unaccompanied by histopathological changes.

PCOC has not been investigated for carcinogenicity. Two older tests were positive for mutagenicity,
one in vive {mouse micronucleus test) and one in vitro in a single strain (TA97) of Salmonella in the
Ames test (while showing no activity in other strains in 2 number of separate tests). Repeated testing
with TA97 gave unequivocally negative results. A repeat of the micronucleus test according to current
guidelines also gave clearly negative results. On the balance, it is not felt that there is evidence for
PCOC being a mutagen.

The estimated human local indirect exposure of 1.2x10™* mg/kg/day is well below the repeat dose
toxicity (NOAEL 200 mg/kg/day).

For the population with the highest potential exposure {production workers assuming inhalaton
exposure at 5 mg/m’ for eight hours) a margin of safety of 285 (200 mg/kg/0.7 mg/kg/day) is obtained
with regard to the repeat dose NOAEL. For agricultural workers engaged in spraying phenoxy
hetbicides the ratio 1s 200 mg/kg /0.28 mg/kg, or 714. For municipal gardeners (0.35 mg/kg/day) a
margin of safety of 571 is obtained. Consumers may be exposed to 0.07 mg/kg/day once, or a few
times yearly. All other exposure scenarios result in much higher margins of safety.
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Single Dose Oral Toxicity Test of Tris (2-ethylhexyl)
1,2 4-benzenetricarboxylate in Rats
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Twenty-eight-day Repeat Dose Oral Toxicity Test of
Tris (2-ethylhexyl) 1,2,4-benzenetricarboxylate in Rats
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Tablel Hematology of rats treated orally with tris(2-ethylhexyl) 1,2,4-benzenetricarboxylate in the twenty-eight-
day repeated dose toxicity test
Ttem 28 days dosing groups {mg/kg) 14 days recovery groups (mg/kg)
] 100 300 1000 0 1000
Male
No. of animals 5 5 5 5 5 5
HCT (%) 422 +£15 415+ 16 4l1x14 423215 444 %15 456 £ 35
HGB (g/d!) 143 £ 03 140 #+ 0.3 4.1 + 04 144 = 04 152 = 0.5 15.7 = 1.0
RBC (X10¢/mm3} 712 £ 015 7.06 £ 012 699 £ 039 724 £ 029 78% £ 0,15N 825 * 0,75
MCV {um3) 533 £ L7 588 + 1.6 589 & 1.9 585 &+ L0 h64 £ 1.5 554 £ 22
MCH (pg) 201 £ 0.2 19.9 £ 0.3 202 + 0.7 19.9 4 04 19.3 £ 0.6 190 + 06
MCHC (%) MO0+ 09 2806 343 03 341 = 06 342 £ 07 344 =07
PLT{10%/mm?) 1082 &£ 122N 1281 £ 295 1051 + 68 1166 = 72 1011 + 47N 981 + 201
WBC (X10°/mm?) 13.0 = 2.7 13.1 £+ 34 114 + 24 125 + 26 134 = 39 119 = 2.1
Differential leukocyte counts (%)
NEUT 10 £ 2N 137 10+ 2 g =1 g+2 11+3
LYMPH 86 + 2N 83 +7 86 +3 88 1 87 £ 3 85 = 3
MONO 20 2%1 2+1 2x1 1x1 2x1
_EOSN 1.0 1440 11 1+0 10 1+£49
BASO 040 00 00 0+0 00 00
LucC 1+0 1+£0 1+0 10 1+0 140
Reticulocyte (%) 23+4 2B +8 27T+ 3 288 22%6 22 x4
PT(sec.) 131 £ 02N 13.0 = 0.3 134 £ 03 14,1 £ 12* 144 £ 0.7 143 % 15
APTT(sec.} 258 & 12N 257 + 05 265 £+ 1.2 282 £ 32 268 = 26 26.1 = 3.2
Fibrinogen (mg/dl) 215+ 9 268 + 15 266 = 14 255 + 32 268 + 21 272 £ 13
Female
No. of animals 5 5 5 5 5 5
HCT (%) 41.1 + 05 404 % 0.9 406 + 1.2 410 = 0.8 406 = 1.0 420 * 14
HGB(g/dl) 145 £ 02 140 = 04 143 = 05 144 = 03 145 4 (.2 15.1 £ 04*
RBC (X105/mm3) 7.20 +£ 020 710 £ 019 711 k033 716 + 0.12 739 + 021 7.67 = 0.29
MCV (u®) 571 = 13N 569 = L1 572 = 1.0 573 = 0.2 55.0 & 04 547 £ 1.2
MCH (pg) 20.1 & 06 18.7 £ 0.7 20 £ 04 20,2 £ 02 197 = 0.7 19.7 &= 04
MCHC (%) 353 =03 34.7 £ 06 352 £ 04 382 =04 357 £ 12N 360+ 03
PLT (X10?/mm?} 1086 + 58 1115 &+ 115 1142 + 127 1233 + 177 1046 £ 127 1105 = &4
WBC{X10°%/mm?) 57 + 1.3 54 = 14 56 £ 1.7 55 + 16 84 £ 23 69 & L1
Differential leukocyte counts (%)
NEUT 11 + 3 15 + 4 132 13+ 4 11+ 3 14 £5
LYMPH 85 £ 3 8l 4+ 4 82 £ 3 83+ 4 84+ 3 83+ 6
MONQ 1+1 240 2+ 1 2+1 2+0 2+
EOSN 2x1 10 2+0 2+1 1+0 1+0
BASO 0+0 00 ¢+0 00 00 040
LocC 1x1 19 10 1+0 1490 10
Reticulocyte (%) 13£3 207 06 20+ 10 235 9
PT(séc.) 143 £ 05 13.6 = 0.2 139 £ 05 139 + 04 141 £ 0N 140 + 03
APTT (sec.) 23.0 * 1.2 230 1.2 225 + 05 223 £ 14 205 £ 19 195 = 2.1
Fibrinogen (mg/dt) 189 £ 20 202 + 10 196 = 14 191 + 13 223 &+ l? 226 + 22

NEUT:Neutrophil LYMPH:Lymphocyte MONO: Monocy{e EQOSN:Eosinophil BASO:Basophil LUC:Large unstained cells
Values are expressed as Mean *+ S.D. )
**:P=0.01

Significant difference {rom control group; *P=0.05

N:Non parametric analysis
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eight-day repeated dose toxicity test

Table 2  Blood chemistry of rats treated orally with tris (2-ethylhexyl) 1,2,4-benzenetricarboxylate in the twenty-

28 days dosing groups (mg/kg)

14 days recovery groups (mg/ke)

Ttem
0 100 300 1000 1] 1000
Male
No. of animals 5 5 5 5 5 5
BUN (mg/dl) 10.0 & 16N 127 + 90 38 £ 10 103 £ 21 108 £ 1.1 122 + 2.7
Creatinine {(mg/dD) 061 £ 005 075008 066+ 008 074+ 010 0.69 =003 068 £ 007
T.cholesterol (mg/df) 50 + 8N 63 £ 30 44 £ 3 40 + 13 Y 51 + 22
T.protein {g/df 543 + 016 541 =017 544 + 019 539 + 0.26 559 = 0.19 576 + 0.26
Albumin (g/di) 312+ 005 307021 313010 313+ 011 316 £010 325019
AJG 135 £ 006 132 £ 014 136 £ 006 140 £ 0.13 130 = 004 129 = 007
Glucose (mg/dl) 133 £ 15 151 £ 15 U5+ 7 137 + 13 145 + 23 148 + 10
Triglyceride (mg/di) 65.0 = 203 896 * 309 632 £ 152 649 £ 478 696 4= 287 756 £ 150
GOT (U/) 41 9 53 %9 45 4 3 47 £ 4 42 + 5 42 4+ 4
GPT (U/1) 12+3 - 42 112 132 12 £ 2 13+4
ALP (U/1) 158 + 27 146 + 25 169 £ 34 184 & 49 118 = 31 133 + 22
y-GTP {U/D) 1.0 £ 04 L1408 06 +03 06 = 05 05 += 01 0.7 &= 0.2
T.bilirubin (mg/d?) 0.14 = 003N 0.21 £ 022 012 £ 003 015 + 002 010 £003 013 £ 003
Sodium {mmol/t) ML7 209 1426 =16 1424 £ 1.1 1427 %+ 1.3 143.8 £ 05N 1442 + 2.1
. Potassium {mmol/{) 475 £ 0.10 481 £ 021 466 £ 0.25 468 = 0.12 461 + 018 491 % 0.20%
5,-,' Chloride (mrnol/t) 107.0 £ 14 107.) £ 08 1073 £ 1.7 1075 = 06 1083 £ 19 1056 = 25
g Calcium (mg/di) 10.13 + 032 10.00 + 028 984 £ 036 9381 + 035 971 £ 025 9.77 = 0.34
Lphosphate (mg/d?} 8.19 £ 048 843 £ 042 788 + 0656 848 + 0.76 746 = 069 737 = 0.69
Female
No. of animals 5 5 5 5 . b 5
v BUN (mg/di) 128 +£ 23 113 £ 10 12.1 £ 10 154 + 3.3 13.7 £ 06N 142 + 22
- Creatinire (mg/dl) 055 £ 014 061 =005 058 £0.08 061 = 0.10 068 £ 0.1 030 = 0.07
& T.cholesterol {mg/di) 30 + 16 40 £ 10 48 + 12 30+ 12 49 4 13 54 4= 12
"=,.: T.protein (g/di) 544 £ (0.I1 561 = (.22 554 £ 022 580 + 029 565 £ 017 588 £ 020
‘ ) Albumin (g/db) 320 £ 007 345 020 336+ 014 359 £ 022 3.38 4 015 349 £ 0.14
) A/G 154 £ 008 160 =009 155+ 007 162 + 0.12 146 + 007 146 * 0.06
Glucose (mg/di) 108 + 8 121 £ 9 117 &+ 10 108 = & 125 = 17 126 + 9
Triglyceride {mg/di) 338 £66 HM3x£37 391£73 20932 436 + 62 455 *+ 96
GOT (U/1) 50 £ 10 55 47 51 &= 8 61 £+ 12 52 £ 8 62 + 12
GPT (U/t) 11 £ 2 10 £ 2 1 +2 11 £ 1 10+ IN 13 ' ¢4*
ALP (UN) 100 + 22 90 & 20 102 £ 49 102 + 40 79+ 15 86 + 34
y-GTP (U/1) 0.7 £ 05 05+ 03 07 £ 02 04 + 02 0802 07 £ 04
T.bilircbin (mg/dt) 016 = 003 016 £ 003 017 £ 004 019 + 002 0.19 £ 004 019 £ 0.4
Sodium {mmo}/} 1428 £ 07 1423 £06 11419+ 10 1427 + 14 142.9 + 0.8 1430 & 14
Potassium {mmol/?} 445 £ 012 455 = 017 455 £ 024 466 + 0.30 458 - 0.37 468 = 0.20
Chloride {mmol/t} 1113+ 15 1103 £ 09 109.2 = 1.8* 1081 £ 0.5** 1113 £+ 14 1108 £ 1.0
Calcium (mg/di) 961 £ 0.17 967 £ 009 965 + 007 975 + 0.24 958 £ 015 9.77.% 0.22
ILphosphate (mg/dt) 6.01 + 0.76 623 = 054 6.29 = 057 641 * 063 591 £ 063 630 = 0.39

e Values are expressed as Mean & S.D.
Significant difference from control group;
N:Non parametric analysis

*P=005  *P=001
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Table3  Urinalysis of rats treated orally with tris{2-ethylhexyl) 1,2,4-benzenetricarboxylate in the twenty-eight-day
repeated dose toxicity test

28 days dosing groups{mg/kg)

14 days recovery groups (mg/kg)

Item
0 100 300 1000 0 1000
Male
No. of animals 5 5 5 5 5 5
Volume {me) 13+3 20 = 10 16 £5 23 4+ 14 16 + 4 20 £ 10
Specific gravity 1.059 £ 0,011 1.044 = 0018 1.038 + 0.023 1.040 + 0.025 1033 = 0.010 1033 + 0.021
Color Colorless 0 0 0 1 0] 0
Slignt yellow 5 5 5 4 5 5
Turbidity Clear muddy 5 5 5 5 5 5
pH 6 0 1 0 0 0 0
7 0 0 1 2 0 0
75 1 1 0 0 0 1
8 0 0 0 1 2 0
8.5 1 0 1 0 1 1
=9 3 3 3 2 2 3
Occult blood - 5 4 5 4 5 5
+/- 1] 0 4] 1 0 0
2+ 0 1 1] 0 0 0
Ketones - 0 0 1 1 0 3
+/- 2 3 3 2 2 0
1+ 2 2 1 2 3 2
2+ 1 0 0 0 0 0
Glucose - 5 5 5 5 5 5
(g/dD)
Protein +/- 0 0 0 1 0 0
(mg/dl) 30 1 0 4 2 5 3
100 1 3 0 4] 0 1
=300 3 2 1 2 0 1
Bilirubin - 3 5 4 4 5 4
1+ 2 0 i 1 0 1
Urobilinogen 0.1 1 0 3 3 3 2
(E.U./d1) 1.0 4 5 2 2 2 3
Erythrocytes - 5 5 5 5 5 5
Leukocytes - 5 5] 5 5 5 5
Epith. cells - 5 5 5 5 5 5
Casts - 5 5 5 5 5] 3
Fat glob. - 5 b 5 5 5 5
M. threads - 5 4 3 4 5 5
+ 0 1 2 1 0 0
others - 0 2 2 2 4 1
.+ 5 3 3 3 1 4

Fat glob.:Fat globule , M. threads : Mucous threads , others:Crystals

Values of volume and specific gravity are expressed as Mean & S.D,, other values are expressed as No. of animals
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Table3  {continued)
o 28 days dosing groups (mg/kg) 14 days recovery groups( mg/kg)
em
* 0 100 - 300 1000 0 1000
Fernale
Mo, of animals 5 5 5 5 5 5
Volume (mi) 12 + 3N 11+5 1 +4 17 + 13 g+ 4 1244
Specific gravity 1.043 <+ 0.008 1.042 £ 0.020 1.053 =+ 0.017 1.049 £ 0028 l.(_]68 + 0.024N 1.037 + 0.006
Color Colorless 0 0 0 1 0 Q
Slight vellow 5 5 5 4 4 5
Yellowbrown O 0 0 0 1 0
Turbidity Clear muddy 5 5 5 5 5 5
oH 6 0 0 0 2 2 0
6.5 1 0 2 0 1 1
7 1 1 0 2 0 0
75. 1 t 1 0 1 2
8 ¢ 1 0 1 0 0
85 G 1 2 0 0 1
=9 2 1 0 0 1 1
Occult blood ~ 5 5 5 5 5 3
+/- ¢ 0 0 0 0 2
Keteones - 1 2 1 2 1 2
+/- 4 2 2 1 1 3
1+ 0 1 2 2 3 0
Glucose - 5 5 5 5 5 5
(g/dt) ;
Protein - 0 2 1 2 0 1
(mg/dl) +/~ 1 0 1 G 1 2
30 3 0 0 1 0 0
100 1 3 1 1 1 2
=300 Q 0 2 1 3 o
Bilirubin - 5 5 2 4 1 4
1+ 0 1] 3 1 4 1
Urobilinogen 0.1 0 2 1 2 0 2
(E.U./dD) 1.0 5 3 4 3 5 3
Ervthrocytes - 4 4 5 5 4 5
: 1+ 1 1 0 0 1 0
Leukocytes - 5 5 5 5 5 5
Epith. cells - 5 5 5 5 5 5
Casts - 5 5 5 5 5 5
Fat glob. - 5 b 5 3 5 5
M. threads - 5 5 5 5 5 5
others - 0 2 3 3 1 2
. + 5 3 2 2 4 3
Fat glob.:Fat globule, M. threads : Mucous threads, others: Crystals
Values of volume and specific gravity are expressed as Mean = 8.D,, other values are expressed as No. of animals
N:Non parametric analysis
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Table4  Absolute and relative organ weights of rats treated orally with tris (2-ethylhexyl) 1,2,4-
benzenetricarboxylate in the twenty-eight-day repeated dose toxicity test

28 days dosing groups (mg/kg)

14 days recovery groups (mg/kg)

Ttem
0 100 300 1000 0 1000
Male
No. of animals 5 5 5 5 5 5
Body weight {g) 343422 32928 328+25 334418 37829 378 £33
Absolute organ weight
Brain (g} 200 £0.04 206 +0.06 2.08 +0.06 207 +0.09 2162011 210007
Liver {g) 11.03 048 11.37 £ 096 1062 £ 0.7 11.24 £ 166 1062055 11171167
Kidneys (g) 3.02 £+ 0.72N 4.24 4,02 245015 252 +0.17 2.84 =043 254 +0.29
Spleen (g) 0.60 =+ 0.06 0.59 +0.09 0.55 £ 0,06 0.59 =+ 0,06 063006 0.63+0.07
Adrenals {mg) 4717 455 45+ 9 47X 9 48+ 6 46+ 9
Testes (g) 279+0.12 2.82+028 290025 2.75+0.11 300+£017 3101025
Relative organ weight
Brain (%) 0585+ 0030 0.628-£0.047 06370043 0620 0.037 0.574 +0.037 0.560 £ 0.053
Liver {%) 32240136 347130447 324710153  3.356 = 0.349 2812 =0.177 2.943+0.207
Kidneys (%) 0.891 = 0.260N 1.358:+1426 0.752+£0.084 0.757+0.083 (749 £ 0,063 0.671 £ 0.032*
Spleen (%) 0176 £0019 018340044 0170:£0025 0.175+0014 0.166 +0.016 0.168 = 0.023
Adrenals (%) 0014 £0002 001420001 00140003 0014 +0.002 0013+ 0001 0.012 +£0.002
Testes (%) 0816 £0.069N 0.862+£0.112 0885+0.028 0825+0.031 0.786 = 0.068 0.823:+0.071
Female
No. of animals 5 5 5 3 5 5
Body weight (g) 202+14 204 £26 216 £ 18 205415 226+ 14 22819
Absolute organ weight
Brain (g) 187 =0.06 1.87 £ 006 1912010 194 +9.10 185 = 0.07 1.96 £ 0.11
Liver {g} 565 £0.78 6.51 £0.74 6.51 +0.66 6.27 =052 6,03 +0.35 8.20£(.72
Kidneys (g) 162 +0.13 1.65 £ 0.09 166+ 0.14 165022 165+£036 171025
Spleen (g) 0.39+0,08 0.37 £0.09 040+008 037006 (.42 £0.06 043 £0.07
Adrenals {mg) 59+13: 58+5 63+4 60+ 12 58£5 70+ 8%
Ovaries {mg) 85+20 95+ 16 87+14 77+ 16 BT 91 +23
Relative organ weight
Brain (%) 0926 £0077 092430096 08860067 0.931+0.0% 0.862 £ 0.062 0.861 £ 0046
Liver (%) 27810194  3.151 £0.072* 30130193 298540175 2663 +0.066 27110128
Kidneys (%) 0.802£0,031 0812£0067 07700052 0.789 £ 0.080 0.728 £ 0.060 0.747 £0.059
Spleen (%) 0.192+0031 0178+£0019 0.184+0028 0.178 £0.024 0.187 £ 0026 0.188 £0.016
Adrenals (%) 00290005 0.0204£0003 00290003 0029000 0.026=0.003 0.031 & 0.002**
Ovaries (%) 00420007 004640005 004020005 0.037 4 0.007 0.033£0.003 0.039 £ 0.007
Values are expressed as Mean &= S.D.
Significant difference from controf group; *P=005 **P=001

N:Non parametric analysis
AY
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Table5 Summary of gross findings in rats treated orally with tris (2-ethylhexyl} 1,2,4~benzenetricarboxylaté in the

twenty-eight-day repeated dose toxicity test

28 days dosing groups{mg/kg)

14 days recovery groups {mg/kg)

Ttem .
Organ Findings 0 100 300 1000 0 1000
Male
No. of animals necropsied 5 5 5 5 5 5
RESPIRATORY SYSTEM
lung black patch/zone 0 0 0 1 1
colored patch/zone ¢ 2 0
URINARY SYSTEM
kidney cyst ) 1 1 0 ] ] 0
enlarged 0 1 0 1] 0 0
ureter dilated lJumen - 0 1 0 0 0 0
ENDOCRINE SYSTEM
parathyroid gland
hypertrophic 0 0 0 1 0 0
Female
No. of animals necropsied 5 5 5 5 5 5
HEMATOPOIETIC SYSTEM
thymus red patch/zone 0 0 1 0 ¢ 0
RESPIRATORY SYSTEM
lung . colored patch/zone 0 0 0 0 1 0
DIGESTIVE SYSTEM
" liver white paich/zone 0 1 0 0 v} 0
REPRODUCTIVE SYSTEM
uferus dilated lumen 0 1 0 0 1 2
b) #A&EFTE (Table 6) s
EBH L URER

BERTRIIBVT, HRBCERRL THBRYERS
BIIZWBERRLLFTRE LT, FROFEREAEDN
HEOMEEEE, 100 mg/kg B, 300 mg/kg BB X 0F1000
mg/kgBEDJEIZ, 0, L, 1B L U3BLIxGHICLRE
(R AR

ZOM, MoBms L UHiEEE, FROMER, %
BoFEA, BIRGE, BITOERLL EFBESN
7. . '

EE R THROBERERICBWT, WEEICEEL
THBMERSETEHF  AOoNLTRBEE s 2o
7. BIROITFEE MRS IEEE T L S OB R A1
Zah.

Fofth, fioHm, BiEoFERE, BiKitEL L,
R TEHAEERDY I BESNLFA L IZIZRED
RAPEEI N,

240

—RIRBEOBET, HHuThoRicbBEIIE
WHNTRLTF b ED LN Ado 7.
HESB L UREEE, MM e b RE L BB EEKS

HTEVFL L, HRYERSOEBIBO LR o1,
T, REBIVEMBIRIBOONLVWI b,

RIS R EHRS OEBITED bk p ot
MEFREOFSE, MW E L ERYEHS IR S

LELONBEIERRO N h ot T, BEHRE

LHEWTHBRBYERS OPELNET 2 E{LIERD 5
iz

o 7. ’

MEELEREOHE, BT ERPERSCERT
HEHEZLNBERTID R e A o7, METIE, WE
BB L T3008 X 171000 me/ke B CHREQKED
FEHLNH, FRITLABLUH Y D ACELRED
LY, BROEBCBARLEHRTHLI L, L, iy
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Table6  Summary of histopathological findings in rats treated orally with tris (2-ethylhexyl) 1,2.4-
benzenetricarboxylate in the twenty-eight-day repeated dose toxicity test

28 days dosing groups {mg/kg)

14 days recovery groups (mg/kg}

Item
0 100 300 1000 ¢ 1000
Qrgan Findings 1 2 3 123 1 2 3 12 3 12 3 12 3
Male
No. of animals necropsied 5 5 5 5 5 5
RESPIRATORY SYSTEM
lung (5} {5) (5) (5) (5) (5)
hemorrhage 300 300 300 4 00 200 1 00
accumulation of foamy cells 000 ¢ 00 00040 1060 000 000
infiitration/cetlular 300 1 00 4 0 0 4 00 100 100
interstitial pneumonia 000 000 000 000 1 00 000
fibrosis 000 1 ¢ 0 000 000 000 000
DIGESTIVE SYSTEM
liver (5) 4] (0 (9 (0) (0}
bile duct dilatation ¢ 10 - - = -~ - 0040 - - - - - -
necrosis, focal 1 00 - - - - - - ¢ 00 - - - - - -
granulation 300 - -~ - - - 4 00 - - - - - -
. infiltration/cellulat 100 - - - - - - 000 - - - - - -
lymphocytic infiltration 2 00 - - - - - - 2 00 - - = - - -
bite duct hyperplasia 0190 - - - - - - c 090 - - - - -
extrameduilary hematopoiesis 1 ¢4 - - - - - - ¢ 009 - - - - - -
URINARY SYSTEM
kidney (5) (5 (8} (5) (5 (5)

' hasophilic change 310 4 0 0 4 00 300 500 300
cyst ) 100 i01 000 000 000 000
deposit of calcium 100 100 ¢ 9 Q 2 01 200 0 Q0
eosinophilic bady 0 00 010 0160 030 100 1 10
protein cast 000 100 000 000 000 000
tubular dilatation 110 110 009 000 000 000
lymphocytic infiltration 50 0 4 00 200 200 200 200
scarring 000 140 000 000 100 000

ENDQCRINE SYSTEM
adrenal gland (5) (o (0 (5 (0 (0}
vacuolic change 3¢90 - - - - - = 4 090 - - - - - -
Female
No. of animals necropsied 5 5 5 5 5 5
DIGESTIVE SYSTEM
liver (5 {mn (0) (5) (0 {0)
granulation 4 00 - - - - - - 5 00 - - - - - -
A lymphocytic infiltration 200 - - - - - - 000 - - = - - -
URINARY SYSTEM

kidney (5) (0 (0) (5) (0 )
basaophilic change 4 040 - - - - - - 200 - - - - - =
deposit of calcium 100 - - - - - - 100 - - - - - -
deposit of pigment i 00 - - = - - = 0 0 ¢ - - - - - -
lymphocytic infilération 2 00 - - - - - = 000 - - - - - -

l:slight  2:moderate  3!marked

Numbers in parenthesis indicate No. of animals examined microscopically at this site.
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HEEIZZLWEEILRD,
REEOFE, ML b 1000 meg/ke B CREORM
LB bR, FOMOEEEE, ki
YWERHR SO EEET TR TAERIED kP
7.

BEEENEOHR, RERTHOME CIIMEEL b

WEMERSICERT A L EZ b AELIE#ED R
Moz, BERARTEORZETIE, 1000 mg/kg#ED
HTHEAMEREORE, BRTABTOERERS L UEY
EREOEBESRD b, W BLET, %
MBS L FRICRE A ESOABCERE LR
Zirohhdoi: (BRME BERHENER 073+
0.06%, n=50, MEBIEHEESR ; 667 mg, n=50, MR
RARMER [ 00280004 %, n=50).

REFHREORE, FEEL B TREHIE (A
LRAERRE LT, AR GRS ETREIRERE)
BV THOERE /K, i, SR TET
G b b ER eSS, b ICICERFRBES L.
OFLY, /B owTid, BERl~2mmBE0EE

HHCEEBRDNELRELD, B—5 5 Wid A
gahi, MEFHICGEBEOLE, FoREME

DIFEMRRE L ETHRHEShAEILLEZ ORI, 2.

o OB, BoeBL B U THREERLICE
BlEEEALNEP o/l bh b, BERWEHRSICLS
Eikcidd {, BABEMNLRTLEEL LR,

72, BHEOGEEEMEIZ 2V T, hyalin body @1
il 3hTH Y d-Limonene LESEH V) v i ks
WEOEETHICHORRNE T ORE L FEHRE
SRTwas LhL, AFREECAARBERICHE
Bah, BFIIYL Y- TEELAARK FEHD
EBEEGHRE, HAAE) ICLHE222%0~100%) D
REETHEKIR TV LI L, HD 1000 me/kgREilE
KECHEINbyO0BlciEBEShT, el
SHLBELCHOPRABEALAS MRV L, B
REBROABBRICIBEINL-Z L2, HORRERR
FlH, BAEEURESBROCGESECE (AR
book#Ezohl, i, FOMIKEBEINLCFHELR
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7. :
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Preliminary Reproduction Toxicity Screening Test of
Tris{2-ethylhexyl) 1,2,4-benzenetricarboxylate by Oral Administration in Rats

)

124-XyEX Y ANECEN) ACS-LFLATY
MITAFROL00, 3008 L UI000 meg/kg 28T v b
WO LTI ACECRT, RELHERM B X UASA iR 0T 46 B,
WEZ v Moat UCIEaCECET, ZEES L OYRREE, &5
UICMHE 38 £ TOHRE, BORERS L, B#E7 v b
~ORESG L AEE, MES v POSES X FRIE
COREIRIITBEEIIOWTRA I Y o FEBYE
LT, DTOmREEL.

RE#RSFEETIE, EOREOFEREFRET3I00
mg/kgFFD 2613 L 071000 mg/kg B0 125 &FI &
ke s L URTHRR OB PRO bz, BEO—RIX
K, FEEE, BEHE, HARmME, LEBESB LU
HEOREASFRACRWTLOBRSEBCBWTLHE
MERS L HBEIROb o7, Loz &
5, 124X ¥ b ANLECEEFYAC-ZFF
VWYL ATFNVORERS I HESERIE, B TI00
mg/kg/day, #ETI1000 mg/keg/day CdH 5 S HMTE N7,

HREFAEFETIE, FROM JEORBEICREMSS
ME{LAEEO B ILA DS, RIEEERE, REREE, TK
BXURETE, HEROEFE, —RIKE FEER
BLUERIMECHRYEHES L L 2B O oL
Pof, BEOZEhd, 124-N¥ X MU B AR
R RAC-TFUATTN)IRATFNOBOERIZHT
LEEEEII100 mg/ke/day, MDEMICHT L ERE
211000 mg/kg/day, kO BEIHT L BEEER
131000 mg/kg/day T 5 LT S htn,

FE

1. WERME
L24REY N UHVEVEE ) R (2-TFANF D)
LAFIE, REEEHEEATHY, EXEBEERCA

s, ERTREF LA FHBETHE, RALELEREE
L ony MEFN-80301 (MEEI99.0 %) BEEALL. kB,

WE R RSP EE TH o o2 E P REEF DS
o & DRERR ST,

BEITE, #EBRME T 20, 605 X U200 mg/mL D
BEEaBd k)T byero Ll (b b T IE R
LTEHR#LA, FAREER7TERICIEREE L, &5
KAV TEEREESRICAL, SRTHREFLE. &
BREORBBIREORETH), »oW—THoIc
LRV —FARIC L D ERE L.

2. BREBEEWS L URERME

E%RSBEHOCr CD(SD)ROSPFZ » b2 AR F v
— A - YNA—@rEFIT AN, 14ABORE - Bt
FiTvy, NEELZRFLRLAEETEBRICAWL, Mo .
2WTE, 10H BOBELMRE L ¢ TiTy, SR
CREORD SN WEIE Hv .

By¥pid, BEE23£3C, BESSE10 %, BWEAREI0
~ 15[, /BfE & UREEE 12EHICRES AN
FYAFLDETEILBVT, 755 v FAEBREHE
Ky —VERATHRE LA, BE, THEITA» S &R
Rodb Y ICERBMHARECR7A 7 L—2, BE
Fr—RA - Y- EERT L ARE S
ALz, r—y&ionoNERERE, BETTuid2mel
M, BESTHRIFIE, SRFTIGEES LK, FREFD
H1BEY, WEHEBREIEE L. SEUEERE
(CRF-1, #V 1y VEEETHW * & B UM A
W, BB KGR R FLIRTE KK 2 BB KEE 2
AwT, Zh-FhBRICERS S,

3. BS5E0HRTE, dBREOEBRSLUENT
1,24y F)ANECERF)RAC-ZFNAFY
WYZ A5 @100, 3008 & 01000 mg/kg & % & 51450
[CAHBMRERORE L FHERERTIE, BOl00B X
F 1000 mg/kgBECHEEE OEEER, RED 1000 mg/kg
BTRENREEASASRE, LdoT, REHE
HEESmiog L TESE 25 A5 REsE 2B EL
T, FiEEERL B 1000 mg/kg/day & L, BUF, T
FEREFMLUCAERAIT, 3008 L U100 me/kg BEE
FELL, SLIEETHL YRV lRHRST 54
BEEARRT, BH4FEL L, BB IBS - DEHEER L2
xR, Bohil, BEMEMH RS HRER~ H
OREHEE L L CEFOKEIY—IZES LI IEER
BACEFSBRETAVTT .

4. ®BEFHZE

BEEREEDES L L, BV Y72 Ryv-CEiiagis
BRICRE LI,

WEHARIE, B oW T IHARERMI4BEME L URE
B4 &4 46 M, MIZoWTRARN MEBEABEY
BRI TOVENR, 35IIKBEAISTIRBE S L UME
HI3IHEFTOHMBME L.

BEESE, FEl kgHE-5mLE LTHREHIZY
BB LEWHOEEIIRSHTEA L. R
1088 H5MIEL, S REROFEHEE ((REHH)
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kS edaty

113 T401.2 g(373~435 g), MET 2374 g(217 257 g)
T - iz,

5. HE, s LUBEEE

(1) —feiRge -

—fEkEE, 181ENE0EET, 828 LU
N 1TE), AR TEEEL.

(2) FERAE .

fFEIL, 518 R5E), #52, 5, 7, 108XV
14H, #aERECOVWTRTEEHRSETHZ &)
BrORIBEL, BICoWTIHEERO, 1, 3, 5, 7, 10,
4, 178 L0208, HEOC, 1B LC4BC, TR
W F (L RERIIEFEOREE EMUBICEFXR
HerAWTHFEZRE LA, #iiowTidES194546
B, KlzowTidkE514 5140, HE0, 52083
LUBMBOHAAOBEENES L UHRERIIELE
LA, :

(3) |EEEHE

EEEL, B oV TIICEMAM L X UERA Tk E,
Bz oW T RIEIEOA B LOWEOR 2 & BRI H
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B EDBES - FHEALRIEZFRIZIOV TR
Bartlett DF S BMERER, —TREFHIHED LV
it Kruskal-WallisEElZ L V@B L, HELES,
Dunnett D5E Fd A Wik Mann-Whitney @ U-RE 12
Ih, MEEE124-~NE ) HVECERY R(2-
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WEEEE OREICEL T, TEKELSBLITL%
L

TR

1. RE®REER
(1) —fiRee
MELELIL, WThoBIIIEFZED L Eh-
7-.
(2) HhEH#ER (Table1,2), RESHSLURETES
FEREE $ 1T, WERMERS EEELAT{LIZES LR
b1 N A
(3) gl
BT, BRCEEOIEDI 00 mg/kgBETIHIZ,

FEHHT1000 me/kg BET 1P N1, (BIcHEE

FICEABEMA 1000 me/kgBETIHIZE 6 R, Wi
NHERNLEFTLEZ ORI

T, EIETOERESI100 meg/keEORLRTEILD
1FC, E=HOEEA300 meg/kgBHED 1FIIRED LS,
(4) FRIBIREFIEE (Table 3, 4)

T, BEOWBHEBERT T, HElls LU

TR OEE OR300 mg/kg BT 240, 1000 mg/kg

BETLIH, REEOBHR 1000 mg/kg BT 1H25
B, REFOKEMRE & U TR B
© & M. 72 1000 mg/kg BED 1 BTSSRI S RE K
BMOBEOHBS LU M) BlRoBEOZlEL
BH I, HE BRI EERIC P EEOMIERE R b U
LIETFOREEOHIVRD LN, Fio, HRTHER
FRICE E OIS 5 L7 1000 me/ke B 1HI T,
WEdiies L CHTREOEEOE IO, HERE
UEEORTAEBRARO bR, HEETH 25
HOHEEOREOEBIED b, T ot T
BGOSR EEOHBRBRESZD 6N, 05
VPICHE L ARE R T OBE ORI DD G L,
RO LB ARy s L 2R, Group L(X 5 —
¥ 1 ~VI) Ti3300 mg¥ke B CHFMI (round B & TF
elongate) DAL, 1000 me/kg B CHEERE L UHT

. #B0E (round & & Uelongate) D IRfEARE® G, Group
C2UAT -V~ TI000 meg/kg B TH MR

(round) 8 & 1L (round) @£ b ) R D&
EAED LN Group 3(RF—F I~ XI) T2 1000
mg/ kg BETH T (elongate) B L UHBET-HB®
{elongate) @ -+ b k1 MIFE L O{EAEHTEZED &, Group
4{ A7 — VX~ XIV) T2 1000 mg/kg 8 TH B,
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EDLF, AEEEXT00 me/keBOZ1HITE, 7
BlrEgddonhizhroa i,

o, EWREBH

(1) EIEFEIETE (Table 5)

WTROBICLRRET E CORY, TREBIUE
ERicHEEEEED L oz BOWFEEETIL,
WERWERS LOHET RBT S REFHD T d o
7o B, BEKREBOMKSEI RS 100 mg/kg
HO1FTRO LN, FRIZEEARY Cho . FiE
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(@) fFEROEHFHE(Table 6)
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S EEH LR
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CHESEE L S IO IR OB #ERT I WHER
WEFS L EREERL N R Lo 1
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I CHEIEEDEEMNA LN/, SRS EREARRT
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EHEBD3I00E L F1000 mg/kg BECHELICREEE
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Xl do o,
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EOREREALNLY, HREFRIZEO S nIE
W, WEMERSICIAFEELEIEZ IR

Bz, FEROETE, —iRRED X UM RICH
gy e AN S T L R (R L
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1,24~y Er b ALKEAER) AL-2FLAx
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Tablel Body weight changes of male rats treated 'orally with tris(2-ethylhexy!} 1,2,4-benzenetricarboxylate in
pre}liminary reproduction toxicity screening test

Ttem 0mg/kg 100 mg/kg 300 mg/kg 1000 mg/ke
No. of animals 12 12 12 12
Day 1 . 4003 = 176 402.2 £ 167 4000 = 15.1 4025 + 144
2 4002 & 169 400.2 + 19.1 3995 + 149 4013 £ 175
5 4207 + 20.8 419.8 + 23.0 4198 *+ 184 421.3 £ 181
7 4304 * 219 4283 £ 23.7 430.7 £ 194 432.9 £ 200
10 4433 + 236 4443 + 284 4458 = 217 . 469 + 206
14 461.1 = 243 463.5 *+ 33.0 463.0 + 23.1 463.7 = 200
21 486.3 = 247 491.3 £ 383 489.2 £+ 269 4846 + 21,0
28 5114 + 27.2 519.3 + 452 514.1 + 27.0 511.3 = 225
35 . 537.6 + 31.2 5540 + 46.5(11} 542.1 £ 282 538.2 £ 25.0
42 555.8 £ 34.3 5717 % 50.7(11) 561.6 + 353 552.8 £-274
46 5664 £ 33.8 585.5 + 51.1(11) 576.6 + 34.9 560.2 + 29.0
Day 1-46, gain 166.2 = 24.5 181.5 =+ 38.5(11) 176.6 - 265 157.7 = 214
Body weight gain * (%) 415 = 59 447 * 83(11) 44.1 + 6.2 30.2 k6.1

Values are expressed as Mean = S.D.{gram).
Values in parentheses are no. of animals examined.
a) : (Body weight gain/body weight on day 1)X100

Table2  Bedy weight changes of female rats treated orally with tris {2-ethylhexyl) 1,2 4-benzenetricarboxylate in
preliminary reproduction toxicity screening test

Item 0mg/kg 100 i‘ng/ kg 300 mg/kg 1000 mg/kg
Before gestation period
Ne. of animals 12 12 12 12
Day 1 2383 £ 140 2380 £ 9.2 2368 £ 116 2354 £ 111
2 2386 + 11.1 240.2 + 10.8 237.3 £ 13.7 2375 £ 125
5 2456 + 156 2487 + 10.7 3.5 £ 138 2423 + 127
7 . 2518 = 125 2526 = 111 250.7 £ 120 2476 £+ 124
10 2543 £ 150 2583 + 13.6 2528 = 16.2 2514 X 16.7
14 261.3 £+ 18.0 264.1 + 158 2588 + 179 257.8 £ 169
Day 1-14, gain 22.9 = 104 25.1 = 103 21.8 + 10.8 223 £ 88
Body weight gain * (%) 96 x 43 105 + 4.2 92 + 4.6 94 + 36
During gestation period . -
No. of animals 1i 10 12 i2
Day 0 267.0 = 16.7 274.7 - 16.5 2656 £ 174 266.7 £ 184
1 2708 = 17.1 280.1 = 16.7 273.3 £ 1°4 2715 £ 173
3 2859 = 20.0 2913 = 17.6 2868 & 17.2 285,7 + 184
5 296.2 + 20.7 302.0 £ 17.0 2950 = 15.3 2951 &£ 17.7
7 . 304.9 &+ 215 309.9 + 16.7 305.0 = 154 304.9 £ 19.1
10 319.2 & 232 323.3 =+ 185 319.3 £ 16.1 3187 £ 217
14 343.1 & 257 3483 *+ 20.0 327 £ 178 344.3 = 206
17 372.1 £ 248 3784 £+ 239 3723 + 221 375.2 *+ 21.6
20 ! 420.1 £ 27.9 4289 & 27.0 4222 + 28.7 426.1 + 22.0
Day 0-20, gain 153.1 + 152 1542 + 155 156.6 + 17.8 1594 + 14.9
Body weight gain® {%) 574 + 49 56.2 L 54 9.1 & 6.4 €01 £ 7.3
During lactation period
No. of animals 11 10 12 12
Day 0 3289 + 231 3276 £ 223 3216 & 196 3285 = 276
1 3255 &£ 254 3315 + 233 3238 £+ 230 326.1 &= 220
4 3376 + 269 343.2 £ 25.5 336.8 = 206 3366 £ 235
Day 0-4, gain 8.7 + 101 156 £ 8.1 153 = 85 7.1 £ 178

Body weight gain ® (%) 27 + 33 47 £ 24 48 + 28 24 £53

Values are expressed as Mean = S.D.(gram).
a) : (Body weight gain/body weight on day 1)x100
b} : {Body weight gain/body weight on day 0) X100
5756
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Table3 Number of cells in seminiferous tubules of male rats trga:ted orally_with tris (2-ethylhexyl) 1,2,4-
benzenetricarboxylate in preliminary reproduction toxicity screening test

Ttem Omg/kg 100 mg/kg 300 mg/ke 1000 mg/kg
No. of animals examined 5 5 5 5
Group 1 (StageI-VI}
No. of Sertoli cells 20,12 + 3,18 19.08 + 149 18.52 + 1.45 18.08 = 145
Spermatogonia
No. 1680 £+ 565 " 20.52 x 2.58 1848 & 317 1576 X 261
ratio™ 0.85 + 0.29 108 + 0.19 1.01 £ 0.21 0.87 + 0.11
Spermatocytes l
No. 50.80 & 7.44 51.80 = 4.84 43.64 X 2.63 4034 + 5.63*
ratio 253 + 0.13 2.72 % 0.26 237 + 0.24 225 = 0.16
Reund spermatids
No. 138.36 £ 17.20 12800 + 8.89 117.68 + 559* 11260 + 3.71%*
ratio 691 * 035 6.75 & 0.84 6.39 = 0.70 626 £ 048
Elongate spermatids
No. 130.00 = 21.71 132.32 £ 11.17 103.28 + 12.34* 95,36 & 8.44**
ratio 653 + 1.15 6.98 + 0.88 5.62 = 0.90 530 + 0.69
Group 2 (Stage VII - VIII)
No. of Sertoli cells 16.956 = 263 17.04 £ 2.17 16.64 + 2.73 16.52 = 2.23
Spermatogonia
No. 282 + 1.06 240 = 093 2.04 + 0.68 2.60 = 1.10
ratio 0.18 £ 0.09 0.14 £ 0.05 0.12 + 0.03 0.16 & 0.06
Spermatocytes
No. 91.68 L+ 10.37 94,68 =+ 6.55 3444 + 6.99 22.32 =+ B.70
ratio 545 * 0.56 560 £ 0.51 516 £ 0,79 503 £ 0.54
Round spermatids
No. 142,08 + 13.39 13164 + 13.72 123.96 + 8.23 118.76 L+ 8.28*
ratio 845 + (.62 7.5 £ 039 7.66 x 1.66 7.25 + 0.62*
Elongate spermatids
No. ’ 12924 + 17.37 12832 + 16.88 114.72 + 9.80 105.64 + 1347
ratio 778 + 154 7.56 4 072 7.00 + 1.62 646 £ 1.05
Group 3 {Stage [X - XI)
No. of Sertoli cells 1928 £ 1.92 2052 + 155 18.20 + 1.58 19.32 = 2.18
Spermatogonia
No. 452 + 132 420 = 1.50 492 + 163 332 £ 102
ratio 0.23 = 0.05 0.21 = 0.08 0.26 £ 0.11 0.18 + 005
Spermatocytes
No. 102,52 £ 10.83 99.08 + 8.42 87.56 + 4,50 89.04 = 9.00
ratio 534 + 056 4.85 + 050 510 £ 0.36 462 + 0.32
Elongate spermatids
No. 14524 = 11.01 130,64 = 9.90 131.68 + 19.71 119.24 -+ 15.90*
ratio 7.56 % .61 637 + (.23 6.88 + 1.04 621 + 0.83*
Group 4 {Stage XI1I - XIV}
No. of Sertoli cells 19.16 = 2.81 20.92 + 1.73 18.64 = 1.72 16.72 + 0.92
Spermatogonia
No. 4.04 £ 0.89 3.72 = 0.72 364 £ 048 364 = 0.71
ratio 0.21 + 0.05 0.18 £ 0.03 Q.20 % 0.02 0.22 & 0.05
Spermatocytes .
" No. 109.8¢ = 13.15 11036 = 9.22 9944 + 4.54 88.76 + 4.33+*
ratio 5.76 + 0.29 528 + 0,12 536 + 0.34 532 + 046
Elongate spermatids
No. 159.76 £ 15.91 15028 = 18.99 137.08 = 17.70 105.16 + 18.34**
ratio 8.39 x (.63 7.19 = 0.71 7.35 & 0.62 6.33 £ 1.31*

Values are expressed as Mean+S.D.
Significantly different from 0 mg/kg group ; *:p=0.05,4p=0.01.

a} I {No. of spermatogenic cells/no. of Sertoli cells in a seminiferous thule)
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Tabled4  Histopathological findings in rats treated orally with tris (2-ethylhexyl) 1,2,4-benzenetricarboxylate in
preliminary reproduction toxicity screening test

Ttem Omglkg 100 mg/kg 300 mg/kg 1000 mg/kg

No. of male animals examined . 12 12 12 12

QOrgan: Findings

Grade
Testis:
Decrease, spermatocyte and spermatid Total 0 0 2 12+
+ 0 0 2 11
0 0 0 1
Multinuclear giant cell, seminiferous tubuie + 0 G 0 1
Vacuolization, Sertoli cell + ¢ Q Q 1
Atrophy, seminiferous tubule + 2 0 [¢] 0
Epididymis: ]
Cell debris, lumen Total 2 0 0 1
+ 2z 0 Q 0
++ 0 0 0 1
Decrease, sperm - Total 1 Q Q 1
+ 1 0 ] 0
++ 0 0 0 1
Granuloma, spermatic + 0 Y 0 1
No. of female animals examined 12 12 12. 12
QOrgan.Findings
Ovary:
Cyst, corpus futeum <+> 0 0 2 0
Values are no. of animals with ﬁrldings.
Grade:+=sliight, ++=rhoderate change and <+>=detected.
Significantly different from 0 mg/kg group; **:p=0.01.
Table 5  Influence of tris{2-ethylhexyl) 1,2,4-benzenetricarboxylate on reproductive performances of rats in
preliminary reproduction toxicity screening test
Item O me/kg 100 me/kg 300 mg/kg 1000 mg/ke
No. of pairs mated i 12 12 12 12
No. of pairs with successful copulation 12 11 12 12
Duration of mating {days, Mean+5.D.) 2.1 & 1.2 23+ 13 27+ 1.2 27+ 11
Copulation index ** (%) 100.0 91.7 100.0 100.0
No. of pregnant animals 11 10 12 ’ 12
Fertility index* (%) . 91.7 90.9 . 100.0 100.0

a) ; (No. of pairs with succeaéful copulation/no. of pairs mated) <100
b) : (No. of pregnant animals/no. of pairs with successful copulation ) <100



Table6 Influence of tris(2-ethylhexyl) 1,2,4-benzenetricarboxylate on developmental performances of rats in

preliminary reproduction toxicity screening test

Ttem 0 mg/kg 100 mg/kg 300 mg/kg 1000 mg/ke
No. of pregnant animals . 11 it 12 12

No. of corpora jutea ; 168 £ 15 17.3 £ 1.3 170 + 23 179 £ 22
No. of implantation sites 155 £ 1.7 166 £ 1.3 160 £ 2.0 16.3 £ 2.3
Implantation index ™ (%) 925 = 7.2 96.2 £ 6.6 94,5 + 84 913 + 88
No. of pups born (%) 13.7 + 31 150 = 1.7 150 £ 1.8 15.1 &+ 27
Delivery index® (%) 876 + ib4 90.3 + 6.8 94.1 + 7.2 922 + 96
Live pups bora

No. 133 £ 29 147 £ 2.0 149 + 20 5.0 = 2.7

Live birth index ' (%) ' 971 = 56 97.8 £ 3.6 89.2 + 26 994 + 21

Sex ratio (M/F) 1.09 3 0.69 1.05 + 0.50 117 £ 075 0.76 & 044
Dead pups born '

No. 05 + 09 03 & 05 0.1 = 0.3 01 £ 03
Gestation length (day) 227 + 05 22.7 + 05 | 225 + 05 226 £ 05
Gestation index * (%) ' 100.0 100.0 100.0 100.0
Nursing index * (%) ' 100.0 100.0 - 1000 100.0
Live pups on day 4

No. 13.2 + 28 146 £ 2.1 144 + 29 145 £ 29

Viability index " (%) 095 + 1.8 96.3 £ 2.3 8956 + 11.5 96.7 &+ 6.7
Bedy weight of pups (g)

Male Day 0 7.32 £ D77 713 £ 052 669 £ 0.55 687 & 0.84

Day 4 1171 = 176 11.09 + 0.3 10.23 + (.98* 1060 = 147
Pay 04, gain (g} 439 * 1.4 3.96 + 0.53 354 = 0.77F 3.73 £ 080
Body weight gain * (%) 5941 £ B.87 B55.54 £ 6.16 53.19 = 1191 54.39 + 9.50
Female Day0 6.93 * 0.83 6.63 = G54 6.33 + 0.58 658 £ (.62
Day 4 1108 £ 171 10.28 + 1.01 948 + 1L01* 1003 £ 146
Day (-4, gain (g) 4.16 £ 1.00 3.65 £ (.56 3.14 + Q.79* 3.46 + (.96
Body weight gain (%} 59.63 + 1042 55.24 + 3.07 4995 + 13.09 52.17 &+ 11.10

Values are expressed as Mean = S.D.

Significantly different from 0 mg/kg group ; *1p=0.05.

a) | (No. of implantation sites/no. of corpora lutea) X100

b} : (No. of pups born/ne. of implantation sites) X100

e} (No. of live pups born/no. of pups born}*100

&)X (No. of females with live puns delivered/no. of pregnant females) X100

e) : (No. of females nursing live pups/no. of females with normai delivery) X100
£} {No. of live pups on day 4/no, of live pups bornj X100

¢ (Body weight gain/body weight on day 0) X100
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Reverse Mutation Test of Tris (2-ethylhexyl) 1,2,4-benzenetricarboxylate
' on Bacteria

BT tFEYERSERESFTENC—RELT, 1,24-
YEYMYANKEABNIR QLT AT N) DA
FRAZDOWT, MEZ AV EBERTERRY L —
PECLYERL, BROERYEA.

WEW & LT, Salmonella typhimurium TAILOO,
TA1535, TA98, TA1537 B X UF Escherichia coli WP2
uvrAOSHE R E HYy, S8 mixEiEnE L UNENO &5
T7L—bEIZEDVHEREARE® 50~5000 pg/ 7L
— FORBTERLALIA, WTHOBEEIIBVT
b, MEREZEOHLAEh ok, LidoT, ARSI
SO mix EFIIREEDL L UEnatEE T 313~ 5000 ug/ 7L
— rOEECHEYFELTERL ..

FORE, 2ROXRFEL L, HuigEEonTh
IK2WT, WTFADHEILBWTLERERI 0K
oEmEREL oLl Ed s, 124- Ry EU b
UANKBEF)A(Z-ZFAANFIN) AT NG,
AWAHBRRCBCTERESTE L () &3
Ea3hi,

Hik
(& £ &)
Salmonelia typhimurium TA100
Salmonella typhimurium TA1535
Escherichia coli WP2 uvrA
Salmonella typhimurium TA98
Salmonella typhimurium TA1537
S. typhimurium D4 HE 1975 1031 HIZ T A Y
HERE, H) T+ NZTREDB. N Amestg L2 56
FEEZIT.
E. coliWP2 uvrA #2131 19795 A 9 H - EH B mEw
REAORHELEL P o5 EFTL.
HMEEE-SOCURTTHEERE LAY, =2
— F Uz b7 A No. 2(0Oxoid) # AN/ LERIRBRE
CHE L HEE Y —EEEE L, 37CCLOMRERIR
EARELL

(HERY )

1,24-_2 By V) ANEIEE L) R F AT
) A7 W (CAS No. 3319-31-1) 13, S FE546.87 Dk
REBERGTH L, RERITE, BRI EMGE (o
v FEE IN-60601, #EE09.0% LA (R FH)] %,

MW EACELRZRS PRSI, ERABITER
ERRE L THWL.

124-~_ B P HLEIEEM)Z(@-ZF AR
WYLZFME, ZoEAEBEERNIVWILRE, 7
‘2 b 250 mg/miic % B & CIEM LK, REHT
BBV L2THIRL, B ITRBRICHV .

REBOBBICETL T, 124- Ny ¥y by ANLEY
BEFN)A2-ZFANFLIL)TAFNDOTE b VBT
B TOREERE, BIUEEMNERBYEMLE. &
EERBIIBWTIE, KEE(3.13 mg/ml) ERiEFRH
BITAMELALLOKE20T, FAEIEE (00 mg/ml)
BRGEBAREERBTHRL DI DWT, Hill
REGTT, TEETHENL, 2082, HE4ERE
KB EREOTEREREIR, &L CHEORM) O
FHECH LT, W% Thoa7z. T, SEEHERR
AT CHER, AMOBER, [RREIE014%, SiE
BEldN7%THoi:.

(RRiLadiEdn &)
BywWiBERBEL LR OEREUTOLBEN T
5.
AF2 1 2-(2-700)-3-5-=ba-2-F YT
DT IR (LY BIERD)
SA I TUEFPU YA (oA HsE T 200)
9AA 1 9-T3/T72 ¥ {(SigmaChem, Co.)
2AA LT I/T Y NT Y (FIGMIZETEER)
AF2, 2AA13 Y AF A Nk % 2 F(DMSO, FIGits
THE) WWEBLELO2 20T THREREL, AEE
BL7-. 9AA W DMSOIT, SARSIKICEREL, #eh
IZEREBR I W, :

(3EH 3 £ U7 SO mix DR
1) by TTPH—

TENMER(A) B L U(B) = FEIL10:1 DEA TR
sl

(A) 32 7% — (Difco) 0.6%
WkF b oA 0.5%

By*L-vAFV 0.5 mM
D-¥iF 0.5 mM

*WP2 uvrA A, 05 M L- R 77 7 ARG
i A

2) AR
Briid, BEMBEROBEIERZRER V. 28,



P E L) Fe Y VARG T ALY C D Y LA D,

Wi~ 7 Ao A - TR D2g
7T - 1A 2g
VUK ES S Y Y A 10g
VBT YEST L 192¢
AERILF ) YA 0.66 ¢
Fiva—A 20¢g
52 k7 #— (Difco) 158

FEO mmD L v —L1RH D30 m zdi LTEDT
HD,

3} S0 mix
ImiPTROMS &
So** 0.1mi
Wik= s A A 8 umot -
w1y o A 33 umol
Fha—A-6-1) B 5 umol
NADH 4 pmol
NADPH - 4 pmol

+ 1‘ Uy b)) CEERETE (pH 74) 100 pmol -
7 &R Sprague-Dawley ZHES v b &7 = /N0
¥y — W (PB) B L UF5,6- < V7 5K~ (BF) Off
RS CRBEFEL THESLAS9ERAni.

(FBaHE)

TL— LD, SO mixERNFERE L USY mix
IR R SR A

AERBE R, WBRWEPBEE0 ml, U EHEETT
0.5 mi (99 mix BMHE 12BVWTIESY mix 0.5 mi),
FERMOImE2RELEOE by T H—2mizNAT
RinL, AREHPEREICKLTED A, T4, EHE
ELTHEBRDEREEORb T by, £iodiE
OEMEBHMEAEET v, FREE T L olEitig
WEORKE LUBEE S Table FIR L7, 88
JTCCA8HMITY, LA ERou-—HiEE LA,
MBEEOFECOWTE, BIRMS 2 WIS ERERET
T, ERFHOBEROIREED S PIE L7,

Awi Bt AEREslRic by T, BEB L OB
P BE T3 T2, SRR 2WTERIMT2E L
Foo F, ARBIBOWTHMNEBEELL USRS
&, 3T o H, FREFNOTEE L ISREFEET K
Wi, HEFEFARBHLIE, ARBER—-HEI>20nT
2REMRL, EROBRAMOMER LT

(HlEE )

HAwisEoRERN I L, 1BULOBREENSY
mix ERIMND 5 id SO mixiFEEMtiis T, BBRYE
FEETAFRLICBIT AER a0 —HoFgHES,
BEMEoFNC-T2ED LML, o, To
BN EBMED B W EETEESED bR EED,
LHHBDERAABRACEW TR E T2 (B
HYyeETEZEE L.

714

252

BRI UEE

(REZTERR)

50 ~5000 ug/ 7L b OHEEATAKEHIEL LT,
HEEFERBLALI S, T&f@#&%ﬁ&:ﬁwfsg
mixSEERINARE L UEINEEO TR L BUE IR
R (BT AR A

(A ER)

EREFNFRTble 1, 21057 LA, 1,24- 2B
FOHNLECEEPYR(R-ZFAAZTIN)ZATFAD
&%, S9 mixiRNRES & OFRMRRTE 12313~
5000 pug/ 7L — POFEHETRILEZ2L LCHETERL
7. FOER, 2EORBOWERY, HuwiS5EED
MZEE O SO mix BRIMAEDS L URMABRICBWT,
B EEEO 2 e b AR 2O = — MR
HHNEho.

BEDHERIIETE, 1,24-X2EFy MY I LFE B
FUARQR-ZFNAFLN) T A5G, Bwi-RBH
CHBOTERERZE L2 0 (atE) L L.

@k
1) D. M. Maron, B. N. Ames, Mutation Res., 113, 173
(1983).
2} M. H. L. Green, “Handbook of Mutagenicity Test
Procedures,” eds. by B. ] . Kilbey, M. Legator, W.

Nichols, C. Ramel, Elsevier, Amsterdam, New York,
Oxford, 1984, pp. 161-187.
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Table 1.  Mutagenicity of tris{2-ethylhexyl} 1,2,4-benzenetricarboxylate®* in reverse mutation test (1) on bacteria
With{+)or | Test substance Number of revertants{number of colonies/plate, Mean = 5.D.)
without {-) dose Base-pair substitution type ) Frameshift type

S9 mix {ug/plate) TAL00 TA1535 WP2 uvrd TASS TA1537
0 % 111 91} 20 11 M| 20 =2t 22| 2% 10 22| 6 10 5
( 99+10.4) ( 15+ 4.6) ( 21+ LO) {19+ 8.3) ( 7+ 26)
313 # 117 104 125 13 11 20 26 34 31 21 26 19 12 7 10
(115+10.6) ( 15+ 4.7) { 30 +4.0) ( 22+ 3.6) ( 10+ 25)
625 # 155 112 119 15 12 26 26 21 20 25 36 22 10 9 8
(129£23.1) ( 18+ 74) (22 £3.2) ( 28+ 7.4) { 9+ 10)
1250 # 117 130 130 21 14 15 19 24 25 22 23 25 8 11 11
{126t 7.5) { 17 38) {23 +3.2) { 23% 15 {10k 17
S9mix 2500 # 143 142 148 15 21 12 23 28 20 21 27 23 3 5 11
{144+ 3.2) ( 16+ 4.6) ( 24 +£4.0) { 24t 3.1) { Bt 4.2)
(=) 5000 # 132 121 138 13 20 12 25 36 32 4 28 19 5 3 9
(130+ 8.6) ( 15 44) ( 31 £56) ( 20+ 7.1) ( 6= 3.1
0 107 125 125 16 19 9 23 24 28 25 32 28 12 13 9
{119£104) ( 15 5) ( 25+ 26) ( 28+ 35) ( 11+ 2.1
313 144 118 116 12 13 11 31 27 33 38 33 42 19 8 17
(126+15.6) ( 12+ 1.0} { 30+ 3.1) ( 384 4.5) {18t 1.0)
625 168 137 137 18 13 12 3 33 23 38 28 32 19 14 14
{147+£17.9) { 144 3.2) { 20+ 6.4) (33% 46) {16t 2.9
1250 # 1306 120 166 8 20 15 3k 42 35 3% 30 36 8 16 12
(139+£24.2) { 14+ 6.0) ( 37k 4.0) { 34+ 35) { 1% 3.1}
S9mix 2500 # 138 129 107 12 15 8 32 28 25 37 39 37 0 12 8
(125+15.9) ( 12 3.5) ( 29+ 3.5) { 38+ 1.2) { 10+ 2.0)
+) 5000 # 149 144 128 12 7 11 24 15 25 37 39 23 w1 7
(140=11.0) ( 10 2.6) ( 21 5.5) { 33+ 8.7} ( o+ 2.1)
Positive Chernical AF2 SA AF2 AR2 AN
control  |Dese(ug/plate) 0.01 0.5 0.01 0.1 80
S9mix(-) { > Number of 409 483 527 | 576 533 509 | 167 100 111 § 665 569 726 | 798 714 8
colonies/plate (503+22.3) (539+33.9) ( 106+ 5.6) (653+£70.1) (772+50.3)
Positive Chemical 2AA 2A85 2A0 2A0 207
control  [Dose (ug/plate) 1 2 10 0.5 2
SO mix(+) | Numberof (1091 1292 1423 | 326 304 322 [1391 1251 1387 | 438 4565 387 § 252 243 261
colonies/plate {1260+167.2) (317117} (1343£79.7) {427+354) {252+ 9.0}

ATF2:2-(2-Furyl)-3- (5-nitro-2-furyl) acrvlamide , SA; Sodium azide, 9AA: 9-Amincacridine, 2AA2-Aminoanthracene
#:Precipitate was observed on the surface of agar plates.
** Purity was above 89.0 % and impurity was unknowr.




Table 2. Mutagenicity of tris (2-ethythexyl) 1,24-benzenetricarboxylate® in reverse mutation test (IT) on bacteria
With{+)or | Test substance Number of revertants {number of colonies/plate, Mean £+ S.D.)
without{-) dose Base-pair substitution type Frameshift type

59 mix (ng/plate} TAIC0 TA1535 WP2 uvrA TA98 TA1537
0 124 w6 1351 10 11 15| 29 28 28| 24 28 20 g 3 12
(122+14.6} {12+ 2.6) {27 2.1) { 244 4.0) { 8t 486)
313 # 125 130 142 14 18 18 22 21 23 26 21 25 11 10 15
{132+ &7) ( 17+ 23) ( 224+ 1.0) ( 24t 26) { 12+ 26)
625 # 125 116 141 18 10 16 22 31 30 33 13 19 9 7 10
{127+12.7) ( 15k 4.2) ( 28+ 4.9) ( 224:10.3) ( 9t 15
1250 # 134 125 127 17 18 7 21 16 23 27 29 24 9 11 6
{129+ 4.7) ( 14+ 6.1) ( 20 3.6) ( 27+ 2.5) ( 9+ 25)
S9mix 2500 # 129 120 124 11 9 12 21 17 13 19 22 25 7 10 8
{124+ 4.5) ( 11+ 1.5) (17 4.0) ( 22+ 3.0) ( 8t 1.5)
(- 5000 # 145 147 141 13 13 12 18 21 21 18 12 21 12 15 13
{144% 3.1) ( 13+ 06) ( 20+ 1.7) ( 17+ 46) (13 15)
Q 138 130 126 9 13 12 23 26 16 26 25 41 23 1% 15
(131 6.1) { 11+ 2.1) ( 22+= 5.1) ( 31 9.00 ( 18+ 4.4)
313 153 126 140 15 20 18 32 20 25 3 38 3 26 18 16
(139+14.0) (18t 2.5) { 26 6.0) ( 35 26) ( 20+ 5.3)
625 131 140 138 13 17 16 26 28 24 25 32 26 14 15 19
(136+ 4.7) ( 16 2.1} ( 26 2.0) ( 28+ 3.9) ( 16t 2.6)
1250 # 129 156 161 18 12 16 30 23 12 32 33 40 17 17 15
{149+17.2) { 15t 3.1) ( 22+ 9.1) ( 35+ 4.4) ( 16+ 1.2)
S9mix 2500 # 122 138 160 9 12 13 19 18 20 37 32 33 16 22 22
{140+15.1) ( 11+ 2.1 ( 19+ 1.0} ( 34 2.6) ( 20+ 3.5)
(+) 5000 # 156 158 164 14 25 15 21 29 18 29 39 30 16 15 15
{159+ 4.2){. ( 18+ 6.1) { 23+ 57} ( 33% 5.5) ( 154 0.6}
Positive Chemical AF2 SA AFZ AF2 0AA
control  {Dose (ug/plate) 0.0 05 0.0L 0.1 80
S9 mix{-) | “Number of 682 650 670 | 232 245 242 | 108 151 190 | 8564 935 930 |1103 1071 959
colonies/plate (667£16.2) (240 6.8) (150+41.0) (940£12.7) (1058+53.3)
Positive |  Chemical 2AA 2AA 2AA 2AA 2AA
control [Dose(ug/plate) 1 2 10 0.5 2
SOmix(+} | Numberof (1262 1111 1309 | 299 270 290 |1510 1537 1546 | 455 457 566 | 300 205 204
colonies/plate {1227+103.5) (286+14.8) (1531418.7) (493+£635) {206 3.2)

AF2:2-(2-Furyl) -3-(5-nitro-2-furyl) acrylamide , SA: Sodium azide, 9AA:9-Amincacridine, 2AA :2-Aminoanthracene
#:Precipitate was observed on the surface of agar plates.
**:Purity was above 99.0 % and impurity was unknown.
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In Vitro Chromosomal Aberration Test of
Tris (2-ethylhexyl) 1,2,4-benzenetricarboxylate on Cultured Chinese Hamster Cells

B EEMHEEE R AR R B HEEEO—R L
LT, 124-RYEY bYANESE DY A Q-TF b~
FUN) AT VOBERIE RIET R EENEE
REMTALD, Fyvio—X NARY -EERK
(CHL/IU) T W THBRENREFEERB T ER L
7z

MEAEE (48K ), ML (6050) & H125.0

mg/ml DEFEIZBWTH50% % B2 2 HEINHEIZED
bhfadhofol bds, ¥ATHORBIIBWTSED
mg/mIDBEFREMLEREL L. BERLERED
Ve2BEXUUMAEEFNRFRPERE, KEFEL LTHREL
oo EHAMETIE, S9 mixIEEETIZHI 5 24 B4
X QB ELE AL, EEFMAETIE SO mix FET
B IUEEET CorrFLE (18K MR ) 2, 12
REfEEL, BETAZLICL W e kRlyERETR
gL

CHL/TUMER % 24 B2 F 25 & 4SRRI HEALEE L 2o
THOWPEBEIZE VT, REAOHEEEYE L EEMER
BOFRERAERD L E ok, ERBULETIE,
SO mix FET B L IEFEET TORMAE L oniho
MAEICBWTH, RBAMEEREPEEEEROSE
BIERGEDO N7,

LiogRth, 124- X0 EX ) AR ENY
A2-TFAANFYN) ATV, RRORBREET
TROFEFLEFERELEWEHRLS

FHik

1. fER L =#52

NAa—F - ) =223 & {JCRB) o 6 AF (198842
B, AT A, B2/ LiFr =X
NhAY *-E‘HEGD CHL/IU#MRE %, BaEBEEALI0/AL
HTHERIC AW,
2. EEEORH

Reygizit, 58RI (FCS @ Biocell)  10% ML
oA — 7 MEM (F ACBUSER ) BEmii & v i,

3. BERM

2x 10ME @ CHL/IU AR &, HEERS mt & AR

1 v i (86 cm, Corning) 128 &, 37CHCO 4 » &
a— & — (5% CO,) MTHELL., EENETE, #

FEEIHE B E RN, 24BRE & 48R
BL/ 7, HEFENECIE, HBREE3IAE SS9
mix FETBLOEFET COBMMEL, NEETH
R TS 5T 18R L /-,

4. WERHE

124-Nr By P ANEEMN)RA(E-ZFLARy
V)T ATV (S . TEBTC, CAS No. : 3319-31-1, ©
v FEF 1 N-60601, RALFITHEIME, o) AftF
TERBSRME) 3, REAEENE, Ko L TRRE
T, DMSOB XU T L YILHES T (BT, BH
H-30C, #5430C (760 mmHg), FEKEN.01 mmHg
BLF(257C), FFRACyuH 0y TF=546.87, #ifE
90.0% Bl F{F4s ) o ETH 5.

W R BEAILEEREE, KIZL OISR ESIT S,
EEABR (T2 ) TR, 313~ 500 me/mi O RS T
AREIEETH /2.

5 #HERMEBORE

WERE OPELL, EROS T, BEETE
R T A, BT ERICERLT
ERE#ERL, > TERETBEECHAFRLTHED
REOWERMENBE L EE L 2. SR EA AL,
FTRTORBIIBVTEBRD 1%/ IZHB LS
maz. AR THEBICEW SR HHE R OBE
i, FEHANBET TOTEYSEINRINED 0.0~
110%) DIETH o1z, L BIBEORBICIDOWT, SR
BiXfTbhdo i,

6. MMBIRMINGIEIRIC & 5 MIBREORTE
REARERBICAV 5 KB R ONIRE & hET
iz, WERDEOMERBCRITTEEER L. B
BR¥E @ CHL/TU MR\ 2 BEREIDRIPE R 1L, BB
EMBaFEEEF (Monocellater™, =+ 1 ¥ /NARXFETH
) FBAVCEBOMBEL N L, WY ELEHO
B ERE IS A AR O K E & o TISE L L 1.

FORER, EELE, GREAEE I, WELAT
ST OBEFFTH0% % B bAoAk 5 RINH R 1
20 & N o 7: (Fig. 1).

7. EREOHE

Mz AEIIFIREROHER L 0, REFRFTRBETHY
HHBRPEORAEREY, ELE , SRR
50mg/mié L, FRENBREROCL/2OBET ik



-
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] - .
100(‘| ._._7-0‘ —

50 4

===~ treated for 48 h without 59 mix
el treated far & h with S8 mix
=)= treated for 6 h without 59 mix

Cell growth (% of control}

0 - . . : . : v . . T

0.0 1.0 2.0 3.0 4.0 5.0
Concentration (mg/mi)

Fig. 1 Growth inhibition of CHL/IU cells treated with
tris (2-ethylhexyl) 1,2, 4-benzenetricarboxviate

B, /AORETEREREL L. BB EL LTH
whwf beA Y rCMC, BHBBETEW BLUY
gk A 77 3 F{CPA;, Sigma Chemical Co.) 1, &4
AN RRRRETS) BB LTGRARLL. Thth
REFRETERTLIEFALR T HEELRERL
A

8. EMERFRE

BT OB, 2tk I FERRIEEMND
0.lug/miiz%id X ICHER IR, REaFERD
PRI o Tlio e, AT A FEREET 1 v Y
DO FORIERL ., EELLEREIBDY A TER
TR LT,

9. BBESF

VEBLICAT A FERD I B, 12074 v Tadhd
RONLELEZRI4FE, 4ZDBREFF LN THL
BAEHDPIPORVEIIZT - FIELEZRETHTL
2. BBHEOSHE, ARREERRES, WK
B (MMS) A&V T X 35 EEILETTITY, #
FEH L IRESEROF v v 7, W, ki o
BERTOF & L FEEMIE (polyploid) DHFEIZOW
TEBELAL. EHEEF o0 TR 1001, FH)
TEARAE b2 T L FESO0 B D /T B R BRAIA & 55047 L 7.

10. ECiR&HE

IR, BB LB R L S e
ZoWTOGHRRE, BELMEY BEEF0%
Bt HEMMREORIZoWTREL, SHOMEE
FRFMRICEEA L 7.
REFRETETLMEOMBEEIIS>WT, #* D
HEEEZIILT, HROTRF -5 LRy Enme
BT74 vy —OEEREEN(SZEELEELT
familywise DEBEREE % E L)L 0, FEE%
EErEBLLZ. £72, 749 vy —OEERKRETES
EVROLONLHEINE, HERTHRCMELTaY S
Yoo T — BTy YOMEMERE(p<0.05) F o7 B
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MIC L AL MVMRIE CC D vl BT RO o FLAlm
FEMBEL Lz, BMRETHEENRD bh GV
FIDEEREE L, BREHRED, BEREIIowT
1008 ki, EEEERIC W TIRI0EREOEE
rifEEo L oHETREL LA,

BRHLUEE

HERAIR L L L R R O R % Table 1SR LA
1,24- Ny ¥y P BRI BEN)AC-ZFAF
W) TAFANEMEC2ARES L U4SFRERELE L
TR OMBERIIBWT S, REEOBEERBIT
BEHEHBOFREREZO ol d o 7,

ERFEAEIC L SRRSO RE Y Table 2IZR L
7o 124- ROV R ANECEF) AR DFAAE
YA)TAFNEMATSY mixFETB L PEERTT
GHFRALE L W R I B W T8, kol
EEEBLUKEEHROSREHEIED Lo
AR

HoT, 1,24- V¥V YA AEVEEL Y A(Z-ZF
MAF VYL ATIViE, LROBBEETC, RBE
MOCHL/IUMRIC EFRELER Lo L ER L
7=, .
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Tablel Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with tris(2- ethylhexyl) 1,24~
benzenetricarboxylate (TERBTC) * without S9 mix

Concen- Timeof  No.of No. of structural aberrations No. of cells
Group tration exposure  cells Others® with aberrations  Polyploid® Trend test®
(mg/mt) {h) analysed gap ctb cte csb cse mul® total TAG (%) TA (%) (%) SA NA
Control 200 1 3 0 0 0 0 4 0 a{20 3{(15 013
Solvent? 0 2 200 0 01 0 0 1 0 10058 1(05 050
TEBTC 1.3 24 200 0 1 0 0 0 0 I 0 1(05 1{(05 063
TEBTC 25 24 200 0o 0 0 ¢ o0 0 0 0 0(00 0(00) 025 NT NT
TEBTC 50 2 200 c 0 0 0 0 0 0 0 0(00) o0{00y 038
MC 0.00005 2 200 4 43 84 0 1 ¢ 132 1 92 (46.0) 92 (46.0) 0.13
Solvent? 0 48 200 g o 0 1 0 0 1 0 1005 1(05) 0.25
TEBTC 13 48 20 0 0 0 2 0 0O 2 0 1{05) 1{05 013 .
TEBTC 25 48 200 0 1 0 0 0 0 1 0 1005 1005 0.25 ‘NT NT
TEBTC 50 48 200 0 ¢ 0 0 0 0 0 z o0(o0 0{0®M 025
MC 0.00005 48 200 1 20 83 1 8 0 102 4 65 (32.5) 64 (32.0) 0.13

Abbreviations:gap:chromatid gap and ¢hromosome gap, cth:chromatid break, cteXchromatid exchange, csb:chromosome break,
ese.chromosome exchange (dicentric and ring eic.), mul; multiple aberrations, TAG jtotal no. of cells with aberrations, TA total no. of cells
with aberrations except gap, SA:structural aberration, NA ! numerical aberration, MC . mitomycin C, NT:not tested. 1) Acetone was used
as solvent. 2} More than ten aberrations in a cell were scored as 10, 3) Others, such as attenuation and premature chromosome
condensation, were excluded from the no. of structural aberrations, 4} Eight hundred cells were analysed in each group. 5) Cochran -
Armitage’s trend test was done at p<<0.05 when the incidence of TAG and polyploid in the treatment groups was significantly different from
historical solvent control at p<<0.05 by Fisher’s exact test. *:Purity was more than 99.0%.

Table2 Chromosome analysis of Chinese hamster ceils (CHIL/IU} treated with tris (2- ethythexyl) 1,2,4-
benzenetricarboxylate (TERTC)** with and without S9 mix

Concen- 59 Timeof MNo.of Ho. of structural aberrations Ho. of cells
Group tration mix exposure cefls Others®__ with aberrations _ Polyploid® Trend test®
{mg/mp) {) analysed gap cib cte csb cse mul® lotal TAG (%) TA (%) {%) SA  NA
Control 20 "1 3 0o 0 0 0 4 0. 4 (20 3 (18 0.38
Sclvent! 0 - 6018 200 ¢ 0 1 2 0 9 3 G 2{(1m 2{10 0.38
TEBTC 1.3 - 6-(18) 200 1 2 0 0 0 0 3 0 3015 2 (1.0 0.13
TEBTC 25 - 6-018) 260 0 ¢ 0 0 0 0 0 0 0(00) 0({00 0.50 NT NT
TEBTC 50 - 6-(18) 200 ¢ 1 0 0 0 9O 1 o} 1(05 1{05 0.38
CPA 0.005 - 6-(18) 200 2 6 0 0 0 0o 2 0 2(100 o0(00) 025
Solvent? 0 +  6-(18) 200 0 2 5 0 0.0 7 0 4 (20 4 (20 0.25
TERTC 13 +  6-(18) 200 I 1 0 o 0 2 1 2010 1 (658) 0.25
TEBTC 25 +  6(18 200 2 1 1 0 0 0 4 0 4 (200 2 (100 050 NT NT
TERTC 50 +  6-(18) 200 2 2 1 9§ 0 0 5 Q 5¢25 3(18 025
CPA 0.005 +  6-(18) 200 5 34 K2 1 0 0 152 8 89 (44.5) 86 (43.0) 0.25

Lo S o R e W T

Abbreviations:gap:chromatid gap and chromosome gap, cth:chromatid break, cte:chromatid exchange, csb:chromosome break,

cse chromospme exchange (dicentric and ring etc.), mul ; multiple aberrations, TAGtetal no. of cells with aberrations, TA !total no. of cells
with aberrations except gap, SAstructural aberration, NA:numerical aberration, CPA cyclophosphamide, T not tested. 1) Acetone was
used as solvent. 2) More than ten aberrations in a cell were scored as 10.  3) Others, such as attenuation and premature chromoesome
condensation, were excluded from the no. of structural aberrations. 4) Eight hundred cells were analysed in each group, * 5} Cochran -
Armitage's trend test was done at p<(0.05 when the incidence of TAG and polyploid in the treatment groups was significantly different from
historical solvent controf at p<0.05 by Fisher’s exact test.  **Purity was more than 99,0%.
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SIDS INITIAL ASSESSMENT PROFILE

CAS No. 3319-31-1
Chemical Name Tris(2-ethylhexyl)benzene-1,2 4-tricarboxylate
(IJHZCH_; :
' COO CH ,CHC H,CH,CH,CH,
Structural Formula /C[
CH3CHZCH2CH2(IZHCH2000 - COOCHZCIEHCHZCH ,CH,CH
CH,CH; CH,CH;
RECOMMENDATIONS

The chemical is currently of low priority for further work.

SUMMARY CONCLUSIONS OF THE SIAR
Human Health

In a single dose study of rats, 75 % of the orally administered chemical at 100 mg/kg bw was excreted in an
unchanged form in the feces, 16 % as metabolites 1n the urine and 1.9 % was expired as CO,.

The acute toxicity of the chemical is low because it showed no loxic signs at 2,000 mg/kg bw by oral route m rats
[OECD TG 401] and at 2 mL/kg by dermal route in rabbits. During exposure by inhalation at 2600 mg/m’, no death
occurred in rats, but reddening patches in the lungs were observed after 14 days post exposure.. In an irritation-test
for amumals, the chemical was slightly irritating to the skin and the eyes. A sensitization test on guinea pigs showed
no sensitization [OECD TG 406].

A feeding siudy with rats for 28 days showed a decrease of hemoglobin and an increases of leucocyte counts and
serum cholesterol as well as an increased liver weight in the mid and high dose groups (0.67 and 2.0 %). Liver
biochemistry revealed increases in palmitoyl CoA oxidation (increased in both sexes at 2.0% and males at all dose
levels) and catalase activity (increased in males at 2.0%), suggesting the induction of peroxisome proliferation
Further analysis by an electron microscope indicated stight increased number of peroxisomes in hepatocytes at the
high dose. It is generally accepted that the induction of peroxisome proliferation occurs specifically in rodents but
much less in other species including humans. There were no dose-related histopathological changes in any treated
groups. The NOAEL in this study was considered to be 0.2 % (184 mg/kg bw/day).

The OECD reproductive/developmental foxicity screening test [TG 421] for at least 46 days at doses of 100, 300
and 1,000 mg/kg/day demonstrated a decrease of spermatocytes and spermatids in testis in the 300 and 1000 mg/kg
groups but not in the 100 mg/kg group.

Based on the testicular toxicity, the NOAEL for repeated dose toxicity is considered to be 100 mg/kg bw/day.
As for reproductive/developmental toxicily, the chemical showed no adverse effects on copulation, fertility, delivery

and nursing of females nor on the viability, body weight and morphology of offspring in the above screening test
{OECD TG 421]. However, the NOAEL for reproductive toxicity in males was considered to be 100 mg/kg bw/day
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because of the testicular toxicity described above. Both NOAELs for reproductive toxicity in females and
developmental toxicity of offspring were considered to be 1,000 mg/kg bw/day.

The genotoxicity of this chemical was evaluated in many in vitro assay systems, It was neither mutagenic in bacteria
[OECD TG 471 & 472] nor clastogenic in mammalian cells [Guidelines for Screening Mutagenicity Testing of
Chemicals (Japan}].

Environment

The Mackay level 111 fugacity Model was employed to estimate the environmental distribution of this chemical in
air, water, soil and sediment. If released to air, this chemical will exist solely in the particulate phase in the ambient
atmosphere, If released to soil, this chemical is not expected to be distributed to other compartments.

This chemical has to be considered as weakly toxic against aquatic organisms and is not biodegradable. This
chemical has a high logPow value (5.94), the measured BCF is reported as less than 1 to 2.7 in carp for 6 weeks, but
some uncertainty still remains regarding the bioaccumulation potential of this chemical. This result indicates that the
bioavailability of this chemical is low. The toxicity results to aquatic plants (algae; Selenastrum capricornutum)
were >100 mg/L for ECs (72hr). The acute toxicity data in fish {medaka; Oryzias latipes) were >100 mg/L (96h,
LCs) and >75 mg/L (14d, LCs). In Daphaia magna, the acute toxicity was >180mg/L (48hr: ECsg) and the chronic
toxicity was >>55.6 mg/L (214, reproduction). All these data were obtained in supersaturated solution with the aid of
solubilizer (HCO-40). The test solution was considered {o be homogeneous. Another chronic toxicity data in
Daphnia magna (NOEC >0.082mg/L) was reported (Procedure of ASTM and USEPA). Though this value is lower
than the saturation point, the measured concentration data were less reliable.

Based on the description of the test results above, it can be concluded that Tris(2-ethylhexyl)benzene-1,2,4-
tricarboxylate does not show any toxic effects at the limit of solubility towards those aquatic organisms, which were
tested in the laboratory. Though it is difficult to determine a PNEC, this substance is not toxic at its water solubility
(OECD TG105; 0.13 mg/L 25 C).

Exposure

This chemical is manufactured as a piasticizer for PVC.

The production volume in Japan is approximately 20,000 tonnes/year and there are 5 manufacturers in Japan.
Estimated global production is 40,000-100,000 tonnes/year, This chemical is mainly used as a plasticizer for PVC
electrical cable and wire.

Occupational exposure may occur through dermal contact and inhalation of mist. This chemical is produced in
closed system and workers wear protective gloves and goggles during the operation, so actual exposure in the work

place is considered to be low.

Since this chemical is difficult to extract from the polymeric mairix, consumer and environmental exposure are
considered to be low.

NATURE OF FURTHER WORK RECOMMENDED

There is no recommendation for further work. The hazards of this chemical towards the environment and human
health are considered to be low. Both occupational and consumer expasure are considered to be low.
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Mutagenicity Tests or, Organic Chemical Contaminants in City Water and Related Compounds
I1. Chromosome Aberration Tests in Cultured Marmmalian Cells

Toshio Sorunt, Makoto Havasai, Atsuko MaTsuoka, Minoru Sawapa,
Midori HatAnAxA and Motoi Isminate, Jr.

The clastogenic potential of organic chemiczal contaminants in city water and related compounds was
examined using Chinese hamster cells (CHL) in culture, Qut of 25 chemicals tested without a metabolic
activation system, two chemicals, acrylonitrile and acrylamide, significanily induced chromosome aber-
rations. By the metabolic activation system, 27 chemicals were tested, and 5 of them, anthracene, pyrene,
acetophenone, biphenyl and 1,2-dichloroethans:, were positive only in the presence of 89 mix. Two chemi-
cals, acrylonitrile and acrylamide, were also positive both with and without 89 mix. One chemical, benz-
aldehyde, was positive only in the absence of 89 mix. Other chemicals showed no significant increase in
the incidence of chromosome aberrations when used with and without 59 mix. In summary, cut of 32
chemicals examined with or without the metabolic activation system, 8 chemicals were positive in the pre-
sence and/or absence of §9 mix.

{Received May 31, 1985)
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Table 3. (continued)

Compound Solvent Dose Treatment Palyploid Freauepcy (X) of aberrant celist  Judge
{wg/ul) Lime (R) (%) clg clb cte csb cse total
Di(2-ethylhexy!)- OMSD 0 24 0.0 1.0 0.0 0.0 09 0.0 1.0
phthalate 00628 24 1.0 6.0 0.6 0.0 0.0 0.0 0.0 -
0.125 i 2.0 0.0 00 0.0 0.0 0.0 0.0 -
0.26 2 0.0 0.0 0.0 0.0 0.0 0.0 00 -
0 48 1.0 i.0 0.0 0.0 0.0 9.0 t.¢
0.0625 48 2.0 0.0 9.0 0.0 0.0 0.0 0.0 -
0.125 48 0.0 16 0.0 6.6 6.0 0.0 1.0 -
0.2% 48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

#,70%,0M: See the foot-neies in Table L.

TP RRIEOGTITLY, RESESY + » 7 (o),
Fea oy (LN (ab), Rfn ke (cte), HREEPIN
(csb), Buafkzeifh (cse) fo X OERE 4 Lol o
HESMEYRERLLE. 2ok, WTIhrnEREY

LEE LS o REMOBEMEELY RS D L, %
FiEEROHARELAK L. NECREEROH
BMEH S5 Shmyett (<), SZUE0%RHEE
BB (£), 109 %2 BE (+) &L §BRHS
BB - BEER, BEREYASLC BE
HMEBRVELE

= 2=

1. M#EE

BB R TV ERED S R % Table 1~.3
R, 19B1EED NN D ¥BfE (2@ chiordane
OREERET) D51, acrylonitrile 3 0.02 mg/mi
¢, acrylamide {1, 0.15 mg/ml LIk CHyE & W Th
fobi, fheo 9 Ef-Th B Th - A (Table 1)
10824 BF Y 6 IF oM {h (3 8o trichlozabenzene @
Bk, 280 menthol DREH X&) £OWT

E#ETRE LI, WIhbBHOoBRERb-T

F o (Table2), AHEHPOARELERTHER LD
Toltwn b @k EH & i 1983ER D S RO B
(2 D dichlorosthane O RM: 4 & 1) & EEE T
W L R REFERE AR SR dv- 72 (Table 3),
2, RMEEEE
RAITHEALRIC L DRER R Table 4~6 1R, #
AR 59 ORBEBEIRSH L L, SImix OFR

Chn, TRERINIS 20 b do & ALERRSAN L 6 BER) & LA

[BUEEEDRED 54, a- 3¢ XU r-chlordane i
(EBHUPIed o T o D EBRIT T R M oz, Acryloni-
trile 43 k 7F acrylamide |TREEEE & R —S9 THin
Bt o Ry R LS, EEREETH2EORE
DU TH R Fil, FEEE S THEEOR

BCRLEEH, —S9 ol RERLRESECH -

4o (Table 4), —3, anthracene 3 X T% pyrene i1

+59 o OABEDFEREERL, Ld, #MRE
FHMELEE HERTD T REL, REOHEN
BRI EE REEEROh TV, i, o
5 BRITACBHE LI L » T A REEREE R

 EB LRI iote (Table 4),

LTI T 59 ORBEBEIS L THS
B, The#ar20% ¥ THMmSe5 E, 1, 1-dichlo-
rocthylene 2 ERELYERT D I LWH L.
Acrylonitrile G4, R¥ DOHEHRFE B D B h o8,
trichloroethylene, tetrachlorocthylene, 1,1, I-trichlo-
roethane, carbon tetrachloride 1 59 a)'ﬂljf"*&iﬁ b
LT HEFREOERIED bR Moo I 1=
dichlorcethylene o ¥ufs 5 BEHERMED FEHIK 2T
RO REY FERS i,

1982 D OO A DR Y Table b w7,
Benzaldehyde 1t —89 R OERYRL, +59
TRENBEOGHI 2 L XD, L AREFEHRL
HAETOMEMY R L . —7, acctophenone 5 X
¢F biphenyl (X +59 DRI DL EHEORRRRL,
RECATERDEIBEEORLE L, Ik,
benzyl cyanide 35 X ¢f naphthalene (% +59 DifiC
BARE TR L o i EE oo, D 5 Ktk
TR REEREEREIED b hioh o .

Table 6 [T19B3EBEDCRERYRT. 8iE (2fio
dichloroethane @B % & 1) © 5% 1, 2-dichlo-
roethane @ Auht +59 D Shie R REER
EARL, Lih, BECEFLTREHE SNML
fo. —S9 DR EETO LM RE @R EM
Lfe2s, BEEMoREIK & Y ¥ - & 1,2-dichloro-
ethane O EIEHETH L 1, 1-dichloroethane jx#fafk
RELYERET, PREEDL L2- £I 08I
o s B Th L BREORERERL I
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Table 4. {continued)
Compound Solvenl S 9 Dose  Polyploid __Er,equemmz of a.,herrani. cellst Judge
(mp/ml) Y] cte cth cle csb total
Acrylawide Saline — 0 .0 2.0 1.0 1.0 0.0 0.0 3.0
- 0.(3 .0 1.0 40 0.0 0.0 0.0 1.0 -
- 0.35 O 20 2.0 0.0 0.0 0.0 3.0 -
- 0.5 .0 $3.0 180 9.0 0.0 0.0 28.0 +
- 1.0 .0 47.0 0.0 48.0 0.0 1.0 95.0 +
+ 0 0.0 3.0 0.0 0.0 6.6 0.0 3.0
+ 0.13 1.0 2.0 0.0 1.0 0.0 0.0 3.0 -
+ 0.25 1.0 3.0 0.0 1.0 0.0 0.0 4.0 -
+ 0.5 0.0 8.0 10.0 8.0 0.0 0.0 20.0 +
+ 1.0 0.0 8.6 70.0 7.0 0.0 0.0 100.0 +
Anthracene BMSO - 0 0.0 0.0 0.0 0.6. 0.0 9.0 0.0
- 0.0l 0.0 0.0 60 0.0 0.0 0.0 0.0 -
- 0.015 0.0 0.0 0.0 1.0 0.0 0.0 1.0 -
- 0.02 1.0 g0 0.0 ¢.0 0.0 0.0 0.0 -
- 0.025 0.0 1.0 0.0 0.0 0.0 0.0 i.0 -
+ 0 1.0 08 0.0 0.6 0.0 0.0 0.0
+ 0.01 1.0 0.0 1.0 3.0 0.0 0.0 4.0 -
+ 0.015 1.0 1.0 2.0 8.0 0.0 0.0 9.0 +
+ 0.02 1.0 0 7.0 9.0 0.0 0.0 14.0 +
Pyrene DMSD - 0 0.0 0.0 0.0 0.0 0.5 9.0 6.0
- 0.005 2.0 2.0 2.0 1.0 0.0 0.0 4.0 -
- 4.0l 1.0 2.0 0.0 0.0 0.0 0.0 2.0 -
- 0.015 1.0 1.0 6.6 1.0 0.0 0.0 2.0 -
- 8.02 1.0 1.0 0.0 0.0 0.0 0.0 1.0 -
+ D 1.0 0.0. 0.0 0.0 0.0 0.0 0.0
+ 0.005 1.0 1.0 20 1.0 0.0 0.0 3.0 -
+ 0.01 3.0 15.0 13.0 10.0 0.0 0.0 22.0 +

% See the foot-notes in Table |.

% 7

1981 D1 OBtk D 5 Bacrylonitrile & acryl-
amide QEELTHHEOERMNB LR —FH, +
AR SHEIC XD Ames BB T acrylonitrile (3%
WHEEE R T - B (+59) COLBEDEEARE
ShTWaY. KPR Sk L 5 PEERER
BTh 459 Tk & 70 o 1, FORKBRYR
X 58 DL ARETH % ZhboFRRt
PTORRERER L HABYMR COROEREE
RETREORBBMIETORRELB EEL
Bhi3. ok, BABRERC L5 HHEL6 S iR
HE, CHERRERSRCSTLEAFRON AN
AR L ARTBEERI BEShT W5,

Anthracene  pyrenc & +59 OB OL B
BRIAB R, Anthracene OREHE L 5 FRF
ERgECI—REBEOBRIBESh T 52, i
MR OBER b A b i, B pyrene CHLIEEM
BEOEREX#EIh TP, XL, —#HUKiE
REBHAOERC b LT ERF R 2 0¥

AL ERT LAY, Ll, MRk TRk
AR HREL D 1P, SHREECRHNTILE
BhHB.

1, l~dichloroethylene (L AFF% O ;ﬁi{;@f’cmﬁfl}_{t
B (5% S9) CHRETH- s, S DRER LT
BLEEX - THEKRENER X v ikt
BApE X D ERFERR CLREBRELEL LT
BEOHENIRESRTHE DY, 35bT, GHAWE
Bl ToMSREs G R T +59 oI
HEHEIRT B L, =7 AL B5MNER
BCREEOERE-TE bY, AENTOFRAR
Frowntlibicifficsmp s cds.

19824 FE DR {E > —2TH 5 biphenyl 13 g Hic
I ARKERINRS L UHATDERERTC L AR E
HERTRR (HiEE) CchiBRtoRARLA:.
Fadz—KernnAs— R (Don) R LY
BERE S LMk E Sl (SCE) RRTLB
ORI EEIN TR DY, F4, Y7V .na
A2 — (BHK2D) w X s il EEREARCLBIED
HBRTH-1. 7, FRMETORBIELELEL L
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Table 5. (continued)

Compound Solvent S 9 Jlose  Polyploid ___mgygngy_jXLof a _mwﬂ_&*_ Judge
(eg/nl) () ctg cib cte osb cse
Biphenyl DMSD - 0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0
- (.01 0.0 0.6 0.9 0.0 8.0 0.0 0.0 -
- 0.015 0.0 1.0 0.0 0.0 0.0 0.0 1.0 -
- 0.02 1.0 0.0 0.0 0.0 0.0 0.0 0.¢ -
+ Q 1.0 1.0 0.0 1O 0.0 0.0 2.0
+ 0.0l 1.0 2.6 9.0 3.0 00 0.0 5.0 +
+ 0.015 1.0 0.0 10.0 31.0 0.0 0.0 35.0 +
+ 0.02 1.0 4,0 35.0 28.0 6.0 0.0 51.0 +
Dibenzofuran DHSG = 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- 0.025 0.0 0.0 1.0 0.6 0.0 4.0 1.0 -
- 0.05 0.0 .0 0,0 0.0 0.0 0.0 1.0 -
- Q-1 0.0 2.0 0.0 €.t 0.0 0.0 2.0 -
+ 0 1.0 1.0 ¢.0 1.0 0.0 0.0 2.0
+ 0.025 0.0 i.0 0.0 0.0 0.0 0.0 1.0 bt
+ 0.05 1.0 0.0 0.0 1.0 0.0 0.0 1.0 -
+ (_).I 0.0 0.0 0.0 1.0 0.0 0.0 1.0 -
i- Menthal DHSO - 0 6.0 1.0 0.6 0.0 0.0 0.0 1.0
- a.1 0.0 0.0 0.0 0.0 0.0 0.0 a.0 -
- 0.2 0.0 6.0 0.0 0.0 0.0 Q.0 6.0 -
ey 0 1.0 i.0 0.0 0.0 0.0 0.0 1.0
+ 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.6 -
+ 0.2 0.9 0.0 9.0 1.0 0.6 0.0 1.0 -
+ 0.3 0.0 0.0 0.0 (.0 GO 0.0 1.0 -

¥ See the foot-notes in Tabile .

a%&@.ﬁkﬂ#as&mx §9 mix AT LB
PEEIABRERENTHS L TH b, biphenyl it
HEG ORI AEREERDEIS IR TV L0

late ¢}, WibkFuE AR Tl A, PEER
BEDEETT L 5B EAD 319, Di(2-ethylhexyl)
phthalate {3 SImix CMAKSBE RV P 0, &

LEx GRS,

19834 O 8 kT D T OBBARIC & B Ytk
RERBROERL, v ex5HY M5 Ames B
BOBRER—TH ot 2Fh, 1, 2-dichloroetha-
ne OANCGHEELECHBEOKERYRL, Uy
ST TH - Iz

Cis-1, 2-dichlorvethylenc @ Succharomyces cerevisias
L 3ERIEAR (ERRR BETERERNR,
RETFERIR) T 8% oiF, FRFTCII D
HF, BEOERINEES KT\ 30, £, dibu-
tylphthalate o3 S, earevisiar 1= } 5 TR FEMRERD,
BEMRC L S ROARTRBS I URNERES
BBBROOBRETY, BEOREFEITRIR TV,
CABLOHERERFRERE—RL T3

Di (2-ethyhexyl) phthalate 3 NTP {National Toxi-
cology Program) DT RIS KIE & hic s,
ERFERBR TR, ~ 920X 5BHERRRS B
Hligotellishiz SO LBAL T, invie OFRE
PERABRIIIEE 8 35 » T\ B, Di(2-ethyihexyl)
phthalate D inAk 5 #6445 monocthylhexylphtha-

HAOROFRFERRCTIEECEb b0 L ¥y
=¥ (-1

ChECHEERD D CARMERLEO V- Th ¥
PR PIEC, ARBMOLAHIE oG TRAKRNS
St MRt LT a2, 8o LSy (acrylonitrile,
acrylamide, anthracene, acetophenone, pyrene, biphe-
uyl, 1, 2-dichloroethane, benzaldehyde) »% 59 mix 3t
FTHD LT T OB L I o 19844F LR
b [ F @ & AEAE R LESDHE &£ olE A
WTRERT-THY, ThooERT2OT 48
TEETHTETHS.

X Bk

1) Ishidate, M., Jr. and 8. Odashima: Mutai. Res.,
48, 357 (1977)

2 BXBHRRE REEF: REERRFA 5 4
(1984)

8 RE 2, BLELH R £ REEKREF
% 6, 149 (1989

4} JTARG Monographs on the Evaluation of the Car-
cinogenic Risk of Chemicals to Humans, 19, 8¢
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Teble 22. Toxicity of chlorobenzenes after long-térm exposures

Compound; Species DoseP:<s

Reference
1,2,3-1CB Sprague-Davley ©, 1, 10, {males: O,  females: O,
1,2,4-TCE rat 100, 1000 0.97-0.08,  p.11-0.13,
1,3,5-TCH (weanling) ; my/ kg diet 0.7%a-0.21, 1.3-1.5,

(>99%) 5 animal=s each mixed with 7.6-7.8, 12-17,

Coté et al. sex/group sorn oil in 78-82 mpfity  101-146

{15a8; the diec per day; wg/ Ky per

day]

Resultg? Effect Levels®

no clinical signs of toxicity: deaths of one 1,2,3,-TCB:
high-dose female (not treatment related] and one 7.7 ng/kg per day:
male control (no apparent cause); statistically 1,2,4-TCB:
significant growth suppression in males exposed to 7.8 ng/kg per day:
10 or 1000 mg 1,2,3-TCB/kg: nephrosis in one male. 1,3,5-TCB;

exposed to 1000 mg 1,2,4-TCB/kg; significent
increase in liver/hody weight ratios in males
exposed to high dose of all 3 TCBs: significant
increase in serum LH (wales) and APDH (both sexes)
in animals exposed to 1000 mg 1,2,4-TCB/ky:
qualitatively similar” changes, mild o moderqte '
(all TCB isomers) okserved in the liver, thyroild,

and kidney, significant at high-dose levels only and

more gevere in males; histopathological changes

inelude: liver: mild to woderate increase in

cytoplasmic volume and anisokaryosis of hepatocytes;

sll jgowers produced fatty ilafiltration-most severe

at 1000 me 1,2,49-TCB/kg: thyroid: mild to moderate

changes (high-dose groups) inecluding reduction in

folligular size, increased epithelial height and

reduced colloid density; kidney: moderate changes in

the convoluted tubules of males exposed to 1000 my

1,3,5-TCB/ Xy

7.6 ng/ kg per day
{HOAEL)
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DRUG AND CHEMICAL TOXICOLOGY, 11(1), 11-28 (1988)

TRICHLOROBENZENES: RESULTS OF A THIRTEEN
WEEK FEEDING STUDY IN THE RAT

M. C&tél, I. Chu;*, D.C. Villeneuveg, V.E. Secours?
and V.E. Valli®

! Department of Pharmacology
University of Montreal
Montreal, Quebec Canada
"H3C 3J7

2Environmental and Occupational Toxicology Division
Bureau of Chemical Hazards

Environmental Health Directorate

Ottawa, Ontario
3Biopath Analysts Ltd.,

Guelph, Ontario
N1E 2X7

ABSTRACT

Trichlorobenzenes (TRCBs)} are industrial chemicals and
environmental pollutants found in Great Lakes fish. The present
study was carried out to provide information on the toxic effects
of these chemicals in mammals. Groups of male and female weanling
rats were fed diets containing TRCB isomers at 1, 10, 100 or 1000
ppm for 13 weeks. The group of males fed 1000 ppm 1,2,3-TRCB diet
had reduced weight gain. No other clinical signs of toxicity were
observed. Increased relative liver and kidney weights occurred in
the highest dose groups of males for all 3 TRCBs. Of the 3
isomers, only 1,2,4~TRCB at 1000 ppm caused increases in hepatic
aminopyrine demethylase and aniline hydroxylase activities in male
rats, and aminopyrine demethylase in females. Serum blochemical
and hematological parameters measured were not affected. A1l

*To whom all correspoandence and requests for reprints should be
addressed.
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12 - COTE ET AL.

three TRCBs produced histological changes of a moderate degree in
the liver and thyroid of male rats at 1,000 ppm. Only 1,3,5-TRCR
elicited moderate renal changes in male rats fed 1,000 ppm.

Microscopic changes in the females were generally wilder than
those of the corresponding

males. Based on-.these data it was concluded that the non-
observable adverse effect levels for the three TRCBs were 100 ppm

in the diet, or 7.6 ~ 7.8 mg/kg b.w./day depending on the dietary
consumption.

INTRODUCTION

Trichlorobenzenes (TRCBs) are industrial chemicals that are
used as chemical intermediates in the synthesis of herbicides.
These chemicals are also used as dye carriers and as a
dielectrical fluid in electrical insulators and transformersl .
Trichlorobenzenes have been detected in Great Lakes fish, drinking
water and waste-water effluents around ng/L levels? »¥. Because
of the wide use of these chemicals together with subsequent
release into the environment, concern has been raised over the
potential health hazard to humans asscciated with occupational and
environmental exposure. Previous studies have demonstrated that
1,2,4-TRCB caused biochemical changes and hepatomegaly in rats,
dogs“ and rabbits®. Metabolism studies in the monyey and rat have
shown that 1,2,4-TRCB is biotransformed to a trichlorophencl, a
cysteine conjugate and dihydrodiol derivatives®. A reyiew of the
literature reveals a lack of adequate toxicity data ta permit the

assessment of health risks in humans exposed to these chemicals.

.The present study was designed to investigate the toxic effects in

the rats treated with trichlorobenzenes in the diet for 90 days.
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TRICHLORGBENZENES . 13

MATERIALS AND METHODS

1,2,3-, 1,2 4~ and 1,3,5-Trichlorobenzene were purchased from
Aldrich Chemical Co. (Midwaukee, Wis.). 1,2,3- and 1,3,5-TRCB
were purified by recrystallization in ﬁexanes to a purity of >99Z.
The 1,2,4-isomer, which had a purity of >99Z, was.used without
further purification. The purities of these compounds were
confirmed by thian layer chromatography and gas chromatography—mass
spectrometxy. All other chemicals and solvents were of reagent
grade obtained coumercially.

Preparation of Diet

The diet consumed by the control groups was prepared by
blending thoroughly ground cubes {Ralston Purina) with corn oil
(Mazola, 4% w/w). The test diets were made by mixing ground cubes
with corn o0il solutions containing appropriate amounts of test
chemicals ‘to give dietary levels of 1, 10, 100 or 1;000 ppm.
Fresh diets were made every fourth week throughout the study, and
kept in air-tight steel containers. Selection of dose levels was
based on a range~finding study in which the LDsg of the three TRCB
in rats were found to be 1,2,3-TRCB, 1.83 g/kg; 1,2,4-TRCB, 0.88
g/kg and 1,3,5-TRCB, 2.1 g/kg.

Animal Treatment

Weanling Sprague-Dawley rats (130 males and 130 females),
obtained from Charles River, Montreal, were divided into 13 groups
of 10 animals per group of each sex. The animals were housed
individually in stainless-steel mesh cages and acclimatized to

laboratory conditions for one week before initiation of the study.
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14 COTE ET AL.

The room temperature and relative humidity were kept at 22-24°C

and 40~60% respectively. A 12 hr alternated light/dark cycle was

maintained. The diet that each group of animals of both sexes

received is as follows:

Group 1 Control (4% corn oil in ground cubes)

. Group 2 1,2,4-Trichlorobenzene (TRCB) 1 ppm in ground
cubes

Group 3 1,2,4-TRCB 10 ppm

Group 4 1,2,4-TRCB 100 pém

Group 5 1,2,4-TRCB 1000 ppm

Group 6 - 1,2,3-TRCB 1 ppm

Group 7 1,2,3-TRGCB 10 ppm

Group 8 1,2,3~-TRCB 100 ppm

Group 9 1,2,3-TRCB 1000 ppm

Group 10 1,3,5-TRCB 1 ppm

Group 11 1,3,5-TRCE 10 ppm

Group 12 1,3,5-TRCB 100 ppm

Group 13 - 1,3,5-TRCB 1000 ppm

Body weight was determined weekly on all animals. In order to
avoid possible loss of test chemical by volatility,'the diet left
in the feeder was- replaced with fresh ones on a weekly basis.
Food consumption was recorded at Weeks 1, 4, 8 and 12 of study on
5 animals per group of both sexes. Urinalysis (pH, protein and

nitrite) was carried out on 5 animals per group per sex at Weeks



TRICHLOROBENZENES 15

4, 8 and 12 of study. Clinical examinations were performed on all
animals on a daily b;.sis.

At the end of the 13 week feeding period all animals were
anesthetized to surgical level with ether, and 'exsanguinated via
the abdominal aorta. All animals were examined grossly at thg
time of necropsy. The brain, heart, liver, spleen, zand kidneys

were excised and weighed. Blood samples collected at necropsy

were analyzed for the following parameters: hemoglobin, packed
cell volume, erythrocyte count (Baker Model 7000), -total and
differential leukocyte counts, platelet count, and prothrombin
time. Mean c¢orpuscular hemoglobin concenttation and mean
corpuscular hemoglobin values were calculated. Serum biochemical
profiles were determined in a Technicon microanalyzer (Model
12/60) and included sodium, potassium, imorganic phosphate, total
bilirubin, alkaline phosphatase, aspartate aminotransferase, total
protein, calcium,‘ cholesterol, glucose, wuric acid, and lactic

dehydrogenase.
Hepatic microsomal aniline hydroxylase (AH)7 and aminopyrine

demethylase (APDM)8 activities were determined based om the pre-;
viously reported methods adapted to automated instruments. Liver
protein content was determined by the biuret method®. A section
of femoral bone marrow was aspirated, spread on the slide from

which thin films were made, and stained with May-Griinwald-Giemsa
stain for cytoclogical evaluation. The following tissues were
taken aud.fixed in IQZ buffered formalin (pH 7.4) for routine
histological examination: eye, optic nerve, spinal cord, skin,

tongue, brain, pituitary, Iliver, adrenal, thyroid, parathyroid,
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TRICGHLOROBENZENES 17

growth suppression was only observed in groups fed 1,2,3-TRCB at

10 or 1,000 ppm. The weight gain and food consumption data and
the amount of test compounds ingested by male rats are presented
in Table 1. There was no decrease in growth rate or food con-
sumption in female rats. The approximate amount of test compounds
ingested by the females, expressed in the form of mg/kg b.w./day

are presented below:

Gross Changes

Fatty liver was observed in some of the male rats but the

incidence was of a sporadic nature, occurring in both countrol and
treated groups. One male rat receiving 1000 ppm 1,2,4-TRCB diet

had nephrosis. WNo gross changes were observed in female rats.

Organ Weights

Organ weight data are presented im Table 3. The liver/body
weight ratios of males receiving the highest dose of 3 TRCBs were

significantly greater than those of the control group. The wet
kidney weights as well as Lkidney/body weight ratios of males

receiving 1000 ppm 1,2,4-TRCB; 10 ppm or 100 ppm 1,3,5-TRCB diet
were higher compared to contrel values. The kidney/body weight
ratios of the groups of males fed diet containing 1, 10 or 1000
ppm 1,2,3-TRCB or 1000 ppm 1,3,5-TRCB were also significantly

greater than the control.

Biochemical Changes

None of the serum biliochemical constituents were affected by

exposure to TRCBs up to and including 1000 ppm in diet; these
274
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TABLE 1 -~ Food Consumption and Weight Gain of Male Rats Fed TRCB

o ke d 4 T S e e = = o e - RIS et mpamt e - - . i

. =
x©
Amount ofd
Treatment Food Consumption Initial Weight Weight Gain Chemlcal Ingested
(ppm in the diet) (g/rat) (g) (g) (ng/kg b.w./day)
Control 25 + 1.1(5)P 85 + 8(9) 471 £ 54(9) 0
1,2,54-TRCB
L 23+ 0.7(5) 85+ 5 453 + 27 0.07
10 25+ 1.2(5) 80+ 5 474 £ 47 0.78
100 25 + 1.1(5) 85+ 10 472 £ 42 7.8
1000 25+ 2.2(3) 84 £ 10 444 + 33 82
1,2,3~TRCB
1 24 £ 1.8(5) 80 5 447 + 37 0.08
10 23 £ 1,4(5) 82+ 6 425 + 43% 0.78
100 24 = 2.5(5) 84 t 6 458 = 47 7.6
1000 23 £ 0.8(5) 80t 4 423 + 42% _ 78
1,3,5-TRCB
1 26 + 1,4(5) 87 + 9 482 + 51 0.08
10 27 £ 0.5(5) 89+ 6 490 + 34 0.81
100 24 + 0.9(5) 85+ 5 450 £ 60 7.7
1000 26 £ 1.8(5) 84t 6 450 + 38 82
2 The amount of TRCB ingested is an approximate figure derived from the following formula: .
- ' o]
food consumption (g) x dietary concentration (ppm) =
average body weight e}
b Unless otherwise given in par:‘entheses results represent mean + §.D. derived from 10 animals. o

The food consumption was determined in 5 animals per group for all groups.




TRICHLOROBENZENES 19

Table 2 Amount of Chemical Ingested by Female Rats

Compound mg/kg b.w./day Compound mg/kg b.w./day
1,2,4-TRCB 1 (ppm) 0.11 1,3,5~TRCB 1 (ppm) 0.13
' 10 . 10 .5
100 15 100 17
1000 101 1000 146
1,2,3~TRCB 1 0.13
10 1.3
100 12
1000 113

included sodium, potassium, inorganic phosphate, total bilirubinm,
alkaline phésphatase, aspartate aminotransferase, total protein,
calcium, cholesterol, glucose, uric acid and lactate dehydro~
genase.

Measurements of hepatic mixed function oxidase activities
revealed that 1,2,4-TRCB at the 1000 ppm level caused a signifi-
cant elevation in AH and APDM activities In males, and APDM

activity in females.

AH: male umole PAP/hr/mg protein
Control: 8.0 3.4
Treated: 15.6 £ 6.2

APDM: male | pmole HCHO/hr/mg protein
Control: 23+ 3.6
Treated: 53+ 19
female pmole HCHO/hr/mg protein
Control: 24 £ 3.1 '
Treated: 41+ 7.4,

The remaining 2 TRCB isomers at the dose levels studied had

no effects on these hepatic microsomal enzyumes.
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TABLE 3 =~ Organ Weights of Male Rats Fed Diet Containing TRCB (mean * S.D.)}

02

Liver Kidney
Treatment Liver/b.w. ratio Kidney/b.w. ratic
(ppm in the diet) nd - ' Wet Weight (g) (% of b.w.) Wet Weight (g) (Z of b.w.)
Control 9 19.6 £ 2.7 3.5% 0.30 ) 1.56 £ 0.20 0.28 + 0.02
1,2,4~TRCB
1 10 17.8+ 2.5 3.3 + 0.43 1.57 £ 0.11 0.29 + 0.02
10 10 20,5 £ 2,3 3.7 £ 0.29 1.68 + 0.18 0.30 + 0.04
100 10 20.8 £ 2.0 3.7 £ 0.20 1.72 £+ 0.10 0.31 £ 0.02
1000 10 22.2 + 1.5 4.2+ 0.22% 2.04 ¥ O0.44% 0.38 £ 0.06%
1,2,3-TRCB :
1 10 18.8 &£ 1.7 3.6 £ 0.22 1.68 + 0.10 0.32 £ 0.03%
10 10 19.3 £ 2.5 3.8+ 0.29 1.64 + 0.14 0.32 £ 0.02%
100 10 19.4 + 3.1 3.6 + 0.31 1.60 + 0.20 0.29 + 0,02
1000 10 20.1 + 2.5 4.0t 3.4% 1.72 + 0.25 0.34 £ 0,04%
1,3,5-TRCB
1 _ 10 20.5 = 2.. 3.6 £ 0.24 1.75 t 0.16 0.31 + 0.03
10 10 21.8 + 1.9 3.8+ 0.21 1.87 £ 0.27% 0.32 £ 0.04%
100 10 20,1 + 4.2 3.7 £ 0.41 1.85 t 0.22% 0.35 + 0.03*%
1000 10 21.0 + 3.4 3.9 0.60% 1.69 + 0.17 0.32 + 0.04%

2 Number of animals.

# Significantly different from the control (P < 0.05).
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TRICHLOROBENZENES 21

Hematolopical Changes

Treatment with 3 TRCBs had no effects on any hematological

parameters monitored in this study.

Histopathology

The liver, thyreoid and kidney were the organs which had
treatment—-related changes. The changes were qualitatively similar
for all 3 TRCB isomers, and for the most part, were mild in nature
and judged to be significant only at the highest dose level. 1In
general, mﬁfpholegical alterations in males were more severe than

those of females.

Microscopic changes in the livers of most treated groups
consisted of a mild to moderate imncrease in cytoplasmic volume and
anisokaryosis of hepatocytes observed wmostly in perivenocus and
nidzone areas. Animals treated with 1000 ppm 1,2,4-TRCB had
marked changes characterized by aggregated basophilia as well as
widespread midzonal vacuolation due to fatty infiltration. The
1,2,3- and 1,3,5~isomers, showéd the same changes but were milder.

Changes in the thyreid were characterized by reduction imn
follicular size, dincreased epithelial height from flattened
cuboidal cells to columnar shape; and reduced colloid density.
Depending on the dose, tﬁe severity of these changes varied from
minimal in the low dose groups to mild and woderate changes in the
high dose groups.

Of the three isomers tested, only 1,3,5-TRCB resulted io mild

to moderate renal chamnges in the convoluted tubules. The changes

were characterized by eosinophilic inclusions, enlargement and
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22 COTE ET AL.

anisokaryosis of the epithelial Ilining cells and hyperplasia of

renal tubular epithelial cells. The renal changes for mogt groups
were considered to be mild, and only those changes associated with

the 1000 ppm dose level were considered to be biologically signi~

ficant.

Urinalysis

No significant treatment—-related changes were observed in any

of the urinary parameters moaitored.

Residue Analysis .

Table 4 presents the residue data in fat and liver of rats.
There was a dose-dependent accumulation in bath fat and liver in
the following order:

1,3,5-TRCB > 1,2,4-TRCB > 1,2,3-TRCB.

The levels of TRCB in fat were one order of magnitude higher than

those found in liver.

DISCUSSION
Treatment with TRCBs resulted in growth suppression, iIn-
creased organ weight, hepatic microsomal enzyme Inductiom and mild
histological changes; most of these only occurred in the male rats
exposed to the highest dose of TRUBs. The growth suppression
observed in the 10 and 1,000 ppm 1,Z,3-TRCB but pot in the 100 ppm
group would indicate that the effect at 10 ppm is probably an

incidental finding, since it is not elearly dose-dependent.
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TABLE 4 ~ Trichlorobenzene Residues (ppm) in Liver aud Fat? E
‘ £
P
Males Female g
o
Treatment %
(ppm in the diet) Liver Fat Liver Fat =
a
Control Npb ND ND ND
1,2,4~TRCB
1 ND ND ND ND
10 ND 0.37 £+ 0.12 ND 0.26 + (0,03
100 0.25 * 0.07 3.5 + 1.1 0.1 + 0.03 2,7 + 0.39
1000 2.5 = 0.1 36 + 12 1.0+ 0.83 19 + 2.7
1,2,3~TRCB
1 ND ND ND ND
10 ND 0.1 = 0.04 ND ND
100 0.24 + 0,07 1.2 + 0.31 ND 0.63 + 0.15
1000 1.4 + 0.55 15.5 + 7.4 0.73 + 0.37 7.8 £ 2.8
1,3,5-TRCB
1 ND 0.21 £ 0.07 ND 0.1 + 0.02
10 ND 1.3 * 0.26 ND 0.43  0.11
100 0.37 + 0.11 7.3 + 2.1 0.14 £ 0.03 4.0 + 0,86
1000 4,3 + 1.4 76 * 13 1.9 + 0.88 49 * 17

4 Data represent mean * 5.D. obtained from 5 animals

b Non-detectable; the limit of detection is 0.0l ppm.
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However there is a general trend towards a lower weight gain in

the 1000 ppm groups of males.

In our study, dietary exposure of rats to 3 TRCBs at the
1,000 ppm level resulted in increases of relative liver and kidney
welghts. Similar findings have been documented by Kociba et al
(1981)* who observed that rats exposed to 100 ppm of 1,2,4-TRCB by
inhalation, 7 h/day for 30 days had increased liver and kidney
weights.

Although the relative kidney weights of the males exposed to
i, 10 and 1,000 ppm 1,2,3-TRCB or 1000 ppm 1,2,5-TRCB were
staristically higher than those of the controls (Table 3),
histopathological examination of this organ failed to reveal any
abnormal changes, neither did the wurinalysis. However, the
increased renal weight at 10, 100 and 1000 ppm 1,3,5-TRCB was
accompanied by histological changes.

0f the 3 TRCBs examined in the present study, only the 1,2,4-
isomer resulted in elevated hepatic microsomal AH and APDM
activities. These data are consistent with those of Goldstein et
al (1982)2 who reported an increase in rat hepatic microsomal APDM
activity following administration of chlorinated benzenes including

1,2,4-TRCB at 250 mg/kg b.w./day for 7 days. The hepatic micro-

somal enzyme induction observed in the present study is consistent.

with the morphological changes 1in the liver characterized by
increased eosinophilia and cytoplasmic volume. Ariyoshi et al
(1975 a,b)*3,'™ have shown that 1,3,5-TRCB is capable of inducing

hepatic microsomal AH activity in rat at 250 mg/kg b.w. Thus the
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failure to observe increased AH activity in our study may be
attributed to the lower dose used (82 mg/kg b.w./day, Table 1).

Tissue vresidue data in the present study revealed that
1,3,5-TRCB residues accumulated to a higher level in fat and liver
than those of the other two isomers. These data confirmed the
results of our earlier pharmacokin;tic study which demonstrated
that tissue 1%C-contents was the highest for rats dosed orally with
1,3,5~TRCB (Chu et al, 1987)5,

Histopathological changes for the most part were wmild in
nature. Only those produced in the liver and thyroid at 1000 ppm
of 3 TRCBs aé well as those in the kidney by 1000 ppm 1,3,5-TRCB
were considered to be biologically significant. At these dose
levels, some functional changes were also observed.

In the present studf the effects observed for TRCB isomers can

be summarized as follows:

1,2,4-TRCB: Significant increases in liver and kidney weights, and
microsomal enzyme activities at 1,000 ppm; mild to

moderate histological changes in the liver and thyroid

at 1,000 ppm.

1,2,3-TRCB: Growth suppression at 1000 ppm; mild to moderate

morphological changes in the liver and thyreoid at

1,000 ppm.

1,3,5-TRCB: Moderate histological changes in the kidney, liver
and thyroid at 1,000 ppm; increased fglative liver and

kidney weights at 1,000 ppm.
282
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Based on the data summarized above, we conclude that the
uan—observable adverse effect levels are 100 ppm for all three
TRCBs or 7.8 mg/kg b.w./day (1,2,46~), 7.7 mg/kg b.w./day (1,2,3-)
or 7.6 mg/kg b.w./day (1,3,5-) depending on the dietary con-
sumption.

The highest TRCB (1,2,4-~) level found in lake ¢rout is 5
ppba. Assuming the average fish consumption is 16.6
gl&ayfpersonla, this would give rise to an estimated daily iantake
of 83 ng TRCB/person/day for a person of 60 kg b.w., or 1.4 ng
TRCB/Rg b.w.fday. Since the non-observable adverse effect level
has been found to be 7.8 mg/kg b.w./day (1,2,4~), there exists a
5.6 x 10° times safety factor between the potential human exposure

and the effect level in the rat.
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8.7 Developmental and Reproductive Effects

The results of studies concerning the embryotoxicity, fetotoxicity,
teratogenicity, and reproductive effects of the chlorcbenzenes axe
presented in Table 24. Effect levels derived in these studies for
both mothers and offspring are also presented in this table. In
contrast to the lack of information on acute, short-term, long-term,
and carcinogenic effects, comparatively more data are available on
the potential embryotoxic, fetotoxic, and teratogenic effects of the
higher chlorinated benzenes. Furthermore, the TCBs, TeCBs, and PeCB
have been better studied in this regard than MCB and the isomers of
DCB.

There has been no evidence in any of the studies conducted to date
that the chlorcbenzenes {(mono- to penta-) are teratogenic in animal
species. Some relatively minor embryotoxic and fetotoxic effects
have been observed for the lower chlorinated benzenes (MCB and
DCBs), but only at dose levels that were toxic for the mother. For
example, there was a slight delay in skeletal development
{(ossification) in the fetuses of pregnant rats exposed to 2864 mg
MCB/m?®, a dose that induced decreases in body weight gain in the
mothers (John et al., 1984). Similarly, the ossification of cervical
vertebrae in fetuses of pregnant rats exposed to 2400 mg

1,2-DCB/m® was delayed; this dose also induced decreases in body
weight gain and food consumption in the mothers {(Hayes et al.,
1985) . However, in both of these studies, there was no convincing
evidence of embryotoxic, fetotoxic, or teratogenic effects in
rabbits exposed to MCB or 1,2-DCB via inhalation, even at dose ‘
levels that were maternally toxic (John et al., 1984; Hayes et al.,
1985). In fetuses of pregnant rabbits exposed to 4720 mg
1,4-DCB/m3, there was an increase in the incidence of
retro-cesophageal right subclavian artery, a minor variation in the
circulatory system that is often observed in control litters: at
this dose, the maternal pody weight gain was also decreased (Hayes
et al., 19285). In an additional study, Gilavini et al. (1986)

administered 1,4-DCB, in corn oil, by gavage, at doses of 250, 500,
750, or 1000 mg/ky body weight per day, between days ¢ and 15 of
gestation. Effects were noted only at doses greater than 500 mg/kg
per day. These included an increased frequency of extra ribs, a
reduction in fetal weight, and an increase in skeletal
abnormalities. These dose levels also induced decreases in body
weight gain and food consumption in the mothers.

There is some evidence that the higher chlorinated benzenes (TCBs,
TeCBs, PeCB) are embryotoxic or fetotexic at dose levels that are
not maternally toxic. However, available data are not consistent and
the toxicities of the variocus isomers of the TCBs and TeCBs for the
mother and fetus vary considerably. For example, the 1,2,4-isomer
was the most maternally toxic of the 3 TCB isomers administered by
ingestion to pregnant rats in a study conducted by Black et al.
(1988); changes in haematological parameters occurred at doses as
low as 150 mg/kg per day. At a lower dose {75 mg/kg), there were
mild histelogical changes in the lenses of pups of exposed mothers;
however, these changes were not observed at higher doses (150 or
300 mg/kg) and were unlikely, therefore, to be treatment-related.
Kitchin & Ebron ({1383a) observed growth retardation in the embryos
of pregnant rats administered 360 mg 1,2,4-TCB/kg body weight on
days 9-132, a dose that caused some lethality, reduced body weight
gain, and produced moderate hepatocellular hypertrophy in mothers.

Although less toxic for the mothers than 1,2,4-TCB, the 1,3,5-isomer
of trichlorcbenzene induced mild changes in the lenses of pups of

http://www.inchem.org/documents/ehc/ehc 258128 htm 2005/12/06




Chlorobenzenes other than hexachlorobenzene (EHC 128, 1991)

pregnant rats administered doses as low as 150 mg/kg body weight by
gavage; there was no significant maternal toxicity at this dose
{Black et al., 1988). For the 1,2,3-isomer, there were no effects in
offspring at any dose level .(up to 600 mg/kg body weight), even
though a level of 300 mg/kg was toxic to the mothers. The authors of
this study did not discuss the signhificance of the observed
histological changes in the lenses (areas of cellular disorientation
and disaggregation with ballooning and granular degeneration} of the
pups of mothers administered the 1,3,5-isomer, but concluded that
there was no evidence that any of the TCB congeners were teratogenic

_or fetotoxic.

Kacew et al. (1984} reported that the 1,2,4,5-isomer was the most
toxic of the TeCBs for both mothers and fetuses, in a study in which
all 3 isomers were administered to pregnant rats by gavage (death of
9/10 animals at 200 mg/kg and increase in serum cholesterol at

50 mg/kg body weight). The toxicity was well correlated with the
greater accumulation of 1,2,4,5-TeCB in maternal and fetal tissues.
There was a decrease in the number of live fetuses in pregnant rats
administered 50 mg 1,2, 4,5-TeCB/kg body weight, a dose that induced
minor changes {(increases in serum cholestercl] in exposed mothers.

Table 24. Developmental and reproductive studies on chlorchenzenes

Compound; Species? DogeP:©
Reference
1,2,3-TCE Sprague-Dawley rat i,2,4-TCB: 0, 75, 150, or
1,2,4-TCB (pregnant) @ 14fgroup 300 mg/kg per day: 1,2,3-TCB
1,3,5-TCB and 1,3,5-TCB: 0, 150, 300 or
{99.5%) 600 mg/kg per day on days
Ruddick 6-15 of gestation; gavage in
et al. corn oil
[1963) ;
Black
et al.
{1938)
Hesultst Effect Levels®
maternal toxicity - reduced body weight gain at 600 1,2,3-TCB:
wa/ka (L,3,5-TCB}, increased liver weight at 600 300 mgsfkg per
wy/kg (1,2,3- and 1,3,5-TCB) and 300 mg/kg day (F):
{1,2,4-TCB), decreased haemoglobin levels and *600 mg/kg per
heematocrit, generally at highest dose (all 3 day {0Q) (NOQOEL)

isomers), decreased RBC at 300 mg/kg (1,2,3-TCB),
150 and 300 wo/ka (1,2,4-TCB}, and 150 and i,2,4-TCE:

99/150 N—
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Assessment of Teratogenic Potentlal of 1,2,3- 1,2,4- and
1,3,5-Trichlorobenzenes in Rats

W, D. Black,' V. E. Q. Vaili,? J. A. Ruddick,2 and D. C. Villeneuve?

*Ontario Vetarinary College, Guelph, Ontaric N1G 2W1 and ?Bureau of Chemical
Hazards, Environmental Health Diractorate, Health Directorate, Healtn Protection
Branch, Health and Welfare Canada, Ottawa Ontario

Trichlorobenzenes {Tr{B) are chemicals that are used as chemical
intermediates, dye carriers and as dielectric fluids (U.S. EPA,
1983). They have Tow water solubility but are freely soluble in
organic solvents. Of the isomers (1,2,3-, 1,2,4- and 1,3,5-)
1,2,4-TrCB has been produced in the largest quantities, an
estimated annual production of 1.3 -~ 7 million kg in the U.S5.
{u.S. EPA, 1983). TrlB have also been shown to arise from the
degradation of the pesticide lindane (Mathur and Saha, 1977 and
Engst et al., 1976). TrCB are demonstrated environmental
contaminants. Gulls sampled from the Great Lakes basin are known
to contain residues of TrlB (Hallett et al., 1982) and they were
also identified in freshwater fish taken from the Saginaw River,

Michigan (Veith et al., 1979) and from the Great Lakes {Oliver and
Nichol, 1982).

The present study was initiated to screen the three Tr(B congeners
for their teratogenic potential and to determine their ability to
cross the placenta and accumulate in the fetus.

METHODS AND MATERIALS

Female Sprague-Dawley (175 - 122 g) rats, purchased from Woodlyn
Farm Laboratories, Guelph, Ontario were acclimatized for one week
prior to mating. Timed pregnancies were obtained by placing two
females into a cage overnight containing a male rat. The following
morning vaginal swabs were examined to check for mating. The
morning on which sperm was detected in the female was designated as
day 1 pregnancy. Mated females were randomly assigned to ten
groups and housed in wire-top plastic cages containing corn cob
bedding. Each group consisted of approximately 14 dams.

Trichlorobenzene congeners (1,2,3-, 1,2,4~ and 1,3,5- TrCB, 97-99%
pure) purchased from Aldrich Chemical Company {Montreal, Quebec)
were recrystallized from ethanol and confirmed as 99.5% pure by gas
chromatography. The purified congeners were dissolved im corn o1l
and administered as follows: 1,2,4- TrCB - 75, 150 and 300 mg/kg

Send reprint requests to W.D. Black
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{(16.0+0.7g) were significantly increased (p < 0.05). AIl other
organ weights were statistically normal.

ADPM activity was significantly increased at the high dose of
1,2,3-TrCB (600 mg/kg), 27.3+0.9 nano moles formaldehyde/hr/mg
protein and the 2 high doses of 1,2,4-TrCB, {150 a 300 mg/kg),
28.9+1 and 28.8+0.9 nano moles formaldehyde/hr/mg protein respect-
ively, compared to control 22.8+0.6. A1l 3 daoses of 1,3,5-TrCB had
APDM activity levels greater than the control (25.140.6 to 25.530.9
nano moles of formaldehyde/hr/mg protein) but the difference was
not significant. Treatment did not affect other biochemical
parameters.,

Hemoglobin concentrations were decreased in animals dosed at the
two highest levels of 1,2,3-TrCB {300 and 600 mg/kg), 11.4+0.2 and
11.3+0.2 g¢/d1 respectively, the two highest doses of 1,2,4-TrCB
(150 and 300 mg/kg) 11.2+0.1 and 11.3+40.1 g/d1 respectively, and
the highest dose of 1,3,5-TrCB (600 mg/kg) 10.8+0.2 g/d1 compared
to control 12.040.3 g/dl. Hematocrit Tevels were decreased by 600
mg/kg 1,2,3-TrCB {31.1+0.6%) 150 and-300 mg/kg 1,2, 4-Tr(CB
(31.2+0.4 and 31.4+0.5% respectively) and at 600 mg/kg 1.3,5-TrCB
(29.8+10.5%) compared to control {33.3%).

Mild degenerative renal changes were observed in some rats, however
they could not be attributed to treatment. They consisted
primarily of multifocal glomerular adhesions with a normal
architectural pattern. Mild changes were observed in the thyroid
gland of animals dosed with 300 mg/kg 1,2,4-TrCB and the two
highest dose groups receiving 1,2,3- and 1,3,5-Tr(B. The changes
consisted of a reduction of Tollicle size which was often
accompanied by angular collapse. In the highest dose groups of
each compound there was increased epithelial height accompanied by
cytoplasmic vacuolation. Mild hepatic changes were also observed
in the mothers and these were generally restricted to the highest
and second highest dose levels for each compound. Changes consist-
ed largely of increased periportal cytopiasmic eosinophilia and
mild anisokaryosis of hepatocellular nuclei. In addition increased
splenic hematopoesis was observed in some females.

Histological lesions occurred in the lenses of eyes of pups treated
with 1,3,5-TrCB (all dose levels) and 1,2,4-Tr(B {intermediate dose
group). The changes consisted of central areas of cellular
disorientation and disaggregation with ballooning and granular
degeneration. Autolysis and incomplete preservation made
examination of other fetal tissues difficult but there did not
appear to be any significant treatment-related changes.

TrCB residues were found only in fat tissues. The 1,2,3-isomer had
trace lTevels at the 2 high doses (means of 0.02 and 0.4 ppm) and
1,3,5-TrCB residues were found in fat at all three dosage levels
(means 1.6 Tow dose to 4.8 ppm high dose}. No 1,2,4-TrCB residues
wera detected in tissues.
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There was no evidence that any of the TrCB congeners tested were
teratogenic or fetotoxic., This confirms previous findings of
Kitchin and Ebron (1983) who also failed to observe any teratogenic
effects in rats treated with 1,2,4-TrCB at high levels. In that
study all animals in the highest dose group died on the third day
and 22% of the dams died in the 360 mg/kg dose group. These
authors atso reported a significant decrease fn embryonic growth
prior to term. In a preliminary study, leading up to the study
reported here, we found that 1,2,4-TrCB 600 mg/kg caused maternal
deaths. Consequently, 300 mg/kg was the highest amount of this
isomer administered. Thus our mataernal toxicity data, for the
1,2,4~ isomer, is in agreement with Kitchin and Ebron's results and
suggests that it is more toxic to the dam than the other isomers.
The 1,3,5-isomer was the next most potent since it caused decreased
maternal body weight gain at 600 mg/kg. It was not possible to
compare the feto- toxicity of the three congeners at any of the
dose tevels since no changes were detected. In terms of the
effects observed on liver, both 1,2,4~ and 1,3,5-TrCB produced
hepatomegaly at levels as low as 300 mg/kg. However, of the two,
only the 1,2,4-isomer caused a significant increase in mixed
function oxidase activity (APDM). The 1,2,3-isomer aiso increased
APDM activity but only at the high dose level (600 mg/kg). Neither
the increased liver weight nor APDM activity could be considered
dramatic at any dose levels tested. Increased liver weights

were reported in rats and dogs following inhalation of 1,2,4-TrCB
at 100 ppm for 7 h/day, 5 day per week for a total of 30 daily
exposures (Kociba et al., 1981). Increased liver weignt was also
observed in male rats dosed orally with 40 mg/kg 1,2,4-TrCB for 14
or 90 days {Carlson and Tardiff, 1976). Numerous investigators
have reported that 1,2,4~Tr({B is capable of inducing mixed function
oxidase activity in rats {Carison and Tardiff, 1976 Carlson, 1978;
Smith and Carlson, 1980)., Ariyoshi et al., {1975a,b) reported that
1,2,4-TrCB could stimulate APDM activity and that 1,3,5-TrCB could
do the same but to a lesser extent. Our results failed to show
that the 1,3,5-isomer could significantly induce APOM activity,

but the fact that pregnant animals were used might have some
bearing.

The changes observed in the hemaeglobin content, and hematocrit of
rats treated with all 3 isomers indicated a very mild anemia.
Examination of bone marrow demonstrated large numbers of erythroid
cells in this tissue. The absence of reticulocytes in the bleod
smears suggested newly developing cells are not being released into
the circulation and we conclude that this was due to ineffective
erythropoiesis. WNo hematological effects of TrCB's have been
previously reported.

Histalogical changes were uniformiy mild fn all tissues. No Tr(B
related lesions were found in the kidney and an increased hemato-
poesis observed in the spleen was likely an attempt to compensate
for the mild anamia, The changes detected in the thyroid and
liver, while restricted to the high dose Tevels of each chemical
however their severity was not clearly dose related., The major
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There was no evidence that any of tne TrCB congeners tested were
teratogenic or fetotoxic. This confirms previous findings of
Kitchin and Ebron (1983) who also failed to observe any teratogenic
effects in rats treated with 1,2,4-TrCB at high levels. In that
study all animals in the highest dose group died on the third day
and 22% of the dams died in the 360 mg/kg dose group. These
authors also reported a significant decrease in embryonic growth
prior to term. 1In a preliminary study, leading up to the study
reported here, we found that 1,2,4-TrCB 600 mg/kg caused maternal
deaths., Consequently, 300 mg/kg was the highest amount of this
isomer administered., Thus our maternal toxicity data, for the
1,2,4- isomer, is in agreement with Kitchin and Ebron's results and
suggests that it is more toxic to the dam than the other isomers.
The 1,3,5-isomer was the next most potent since it caused decreased
maternal body weight gain at 600 mg/kg. It was not possible to
compare the feto- toxicity of the three congeners at any of the
dose levels since no changes were detected. In terms of the
effects observed on liver, both 1,2,4- and 1,3,5-TrCB produced
hepatomegaly at levels as Tow as 300 mg/kg. However, of the two,
only the 1,2,4~isomer caused a significant increase in mixed
function oxidase activity {APDM), The 1,2,3-isomer also increased
APDM activity but only at the high dose level (600 mg/kg). Heither
the increased 1iver weignt nor APOM activity could be considered
dramatic at any dose levels tested. Increased liver weights

were reported in rats and dogs following inhalation of 1,2,4-TrCB
at 100 ppm for 7 h/day., 5 day per week for a total of 30 daily
exposures {Kociba et al., 1981). Increased liver weight was also
observed in male rats daosed orally with 40 mg/kg 1,2,4-TrCB for 14
or 90 days- (Carlson and Tardiff, 1976}. Numerous investigators
have reported that 1,2,4-TrCB is capabte of inducing mixed function
oxidase activity in rats (Carlsen and Tardiff, 1976 Carison, 1978;
Smith and Carlson, 1980). Ariyoshi et al., {1975a,b) reported that
1,2,4-TrCB could stimulate APDM activity and that 1,3,5-Tr(B could
do the same but to a lesser extent. Our results failed to show
that the 1,3,5-isomer could significantly induce APDM activity,

but the fact that pregnant animals were used might have some
bearing.

The changes observed in the hemaglobin content, and hematocrit of
rats treated with all 3 isomers indicated a very mild anemia.
Examination of bone marrow demonstrated large numbers of erythroid
cells in this tissue. The absence of reticulocytes in the blood
smears suggested newly developing cells are not being released into
the circulation and we conclude that this was due to ineffective
erythropoiesis. No hematological effects of TrCB's have been
previously reported.

Histological changes were uniformly mild in all tissues. No Tr(B
related lesions were found in the kidney and an increased hemato-
poesis observed in the spleen was likely an attempt to compensate
for the mild anemia. The changes detected in the thyroid and
liver, while restricted to the high dose Tevels of each chemical
however their severity was not clearly dose related. The major
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lesion found in the fetuses was restricted to the lenses of the eye
possibly indicating early cataract development. This observation
has not previously been made.

The residue data confirm previous 4C-TrCB pharmacokinetic studies
(Chu 1986 ) showing that none of the isomers
accumulate to any great degree, but the 1,3,5-isomer gives higher
residues than the other two compounds. Also significant is the
fact that the fetus does not bicaccumulate these chemicals. Higher
chiorinated henzenes. i.e. hexachloro-, pentachloro-, and 1,2,4 -
tetrachlorobenzene, do cross the placenta and accumulate rather
significantly in the fatus (Villeneuve and Hiarlihy, 1975;
Yillaneuve and Khera, 1975; Kacew et al., 1984).

In summary, nonge of the TrCB isomers tested in this study produced
teratogenic or fetotoxic affects. The most toxic isomer, at Teast
with respect to matarnal toxicity was 1,2,4-TrCB. None of the
isomers accumulated in maternal or fetal tissue to any significant
amount; however, 1,3,5-TrCB did show up in maternal fat samples in
Tow ppm levels.
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The bone marrow clastogenicity of eight halogenated benzenes in

male NMRI mice
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Eight widely used halogenated benzenes, including brome-
henzene (BB), chlorobenzene (CB), three isomers of dichloro-
benzene (DCB) and three isomers of trichlorobenzene (TCB)
were tested for acute toxicity (LDsp) and clastogenicity in
8-week-old NMRI mice by intraperitoneal administration.
Four doses of each chemical (ap to 70% of LDsy) were tested
for clastogenic activity. Each compound was administered in
two equal doses, 24 h apart. Increased formation of micro-
nucleated pelychromatic erythrocytes, observed in femoral
bone marrow, 30 h after the first injection, was considered
to be due to the clastogenic activity of the test compound.
All the halogenated henzenes tested were found to be
clastogenic (P < 0.01). The highest clastogenic activities were
induced by m-DCB and BB. Among the three isomers of
DCB, m-DCB significantly (P < 0.05) induced more micro-
nuclei than ¢-DCB or p-DCB. No significant differences were
found between the clastogenic activities of TCB isomers.

Introduction

Halogenated benzenes are widely used in relatively large quan-
tities in various industries. The total production of all chiorinated
benzenes in western Europe is estimated to have been more than
208 million kg in 1980, half of which was located in the Federal
Republic of Germany (IARC, 1982a). In addition to direct oc-
cupational exposure of man, halogenated benzenes are found in
most parts of the ecosystem and have been detected in air, soil,
food and water (Pellizzari, 1979; Zoeteman et al., [979; IARC,
1982a; Lai, 1984). Some of these chemicals are not limited to
industrial use. For example, dichlorobenzene (p-DCB) is used
as a fungicide, an air freshener, a moth repellent on clothes, and
its crystals can be used to counteract adours in garbage and other
refuse (IARC, 1982a; Giavini er al., 1986).

Chlorobenzenes and their metabolites have been detected in
human and animal tissues and body fluids indicating the extent
of environmental pollution (JARC, 1982a; Jan, 1983). The mean
levels of chlorobenzenes in human wmilk and adipose tissue are
found to range from traces to 25 pg/kg in milk and from not
detectable to [46 pg/kg in adipose tissue (Jan, 1983). Few
biclogical data relevant to toxicity and genotoxicity of halogenated
benzenes are available. Although the hepatotoxic compound,
bromobenzene (BB), is found to bind covalently to DNA/RNA
to an extent comparable to that of moderately oncogenic
substances {Colacci er al., 1985), no data are available on its
carcinogenicity. The results of 2 host-mediated mutagenicity assay
on BB were negative (Simmon e ol., 1979). No adeguate infor-
mation exists on the carcinogenicity/mutagenicity of chlorinated
benzenes (TARC, 1982a). Wester ef al. (1985) carried ot a life-
time carcinogenicity study with a ‘mixture’ of 11 halogenated
hydrocarbons including chlorobenzenes administered to rals in
the drinking water, and found no significant carcinogenic effect.

~e— e -

The results of some teratogenicity assays with chlorobenzenes
were either negative (Hayes et al., 1985), or if positive, they
were considered to be the consequence of other factors rather
than teratogenic effects (Glavini e af., 1986),

This paper describes an investigation of the effects of a series
of halogenated benzenes on the incidence of micronucleus jn-
duction within bone marrow polychromatic erythrocyles after
intraperitoneal administration to mice.

Materials and methods

Chemicals

Fetal calf serum was obtained from Boehringer Mannheim (Mannheim, FRG).
Benzene and halogenated benzenes were purchased from Merck Co. (Hohen-
brunn, FRG). All test compounds were of synthetic grade and their purities are
given in Table I. p-DCB, trichlorobenzene (1,2,3-TCR) and 1,3,5-TCB were
supplied a5 solids which were dissolved in the minimum possibie amount of di-
methylsulphoxide (Merck, Danndstadt, FRG),

Animals

Maie 8-week-old NMRI mice were abtained {rom the Zentralinstitut fiir Ver-
suchstiere (Hannover, FRG). Animals were housed five per cage and were given
free access to water and iaberatory Altromin chow (Altromin, Lage, FRG),
Micronucleus test

Median Iethal doses (LDsg) of the test compounds administered by i.p. injec-
tion, were conducted according to the standard method (Fowler, 1983) as described
elsewhere (Mohtashamipur et al., 1985).

Since the dosing regitne of Schmid (1977) for the micronucleus test implies
that the highest dose used should be tolerated by the animals, the doses were
chosen in such a way that they did not exceed 70% of the LDy, Each single
group of five animals was treated by subacute i.p. injection of haif of each chosen
dosage of a test chemical 24 h before the other half was administered. The
chemicals were given in corn oif (when the doses were too small to be injected
alone) or alone. The contro! group of 10 mice received i.p. injections of com
oil only. Benzene, as the mother compound for halogenated benzenes, was chosen
as the positive control. The animals were killed by an overdose of ether 30 h
afer the first injection of the test chemical; the femora were removed and the
marrow was suspended in serum. Two smears per femur were prepared and coded.
The smears were studied by two different examiners. One-thousand polychromatic
crythrocytes per smear were examined for the presence of micronuclei.
Statisticad analysis
LI, doses and their 95% confidence limits were calculated using the method
of Cavalli-Sforza and Lorenz {1964); significant testing of the nicronucleus resulis
was done using the Swdent’s 1 test (Hill, [967).

Results

The highest toxicity was found with BB and the least toxicity
with 1,3,5-TBC, when the median lethal doses were determined
(Table I). In general, trichlorobenzenes were less toxic to the
animals than dichlorobenzenes (Table T).

All the halogenated benzenes tested were found to be
clastogenic (P < 0.01) (Table II). The highest clastogenic ac-
tivities were observed in animals dosed with m-DCRB and BE.
Among the three isomers of DCB, m-DCB induced significant-
ly (P < 0.05) more micronuciei than o-DCB or p-DCB (Table
IN). No significant differences were found between the clastogenic
activities of TCB-isomers (Table 1II).

Discussion
Although the chromosome-damaging etfects of benzene in mar-
row celis of mammals, including man, and the capacity of
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Table 1. Median lethal doses {LDsy) of benzene and eight hatogenated benzenes
for 2530 g male NMRI mice by i.p. administration. Purities of the com-
pounds are those given by the manufacturer

Compound Purity LDy

(%) mgfkp body weight
Benzene 99.7 1714.24 =+ 101.37
Bromobenzene 99.0 817.11 £ 50.71
Chiorobenzene 99.0 135524 =+ 250.55
m-Dichiorobenzene 9.0 1061.84 + 38.73
o-Dichlorcbenzene 9.0 1228.52 = 262.9%
p-Dichlorobenzene 99.0 2000.42 + 49,70
1,2,3-Trichlorobenzene 99.0 1390.21 = 22598
1,2,4-Trichlorobenzene 98.0 1223.25 + 320.54
1,3,5-Trichlorobenzene . 980 2259.83 = 76,96

Table i1, Effects of eight halogenated benzenes on frequency of micronucleated
polychromatic erythrocyies of femoral bone marrow of male NMRI ntice
(significant value for afl doses: P < 0.01). Values represent means + SD
of five individual experiments per dose

Compound mgfkg body weight Micronuclei/
1000 PCE
Vehicle (com oil) 1.80 + (.748
Benzene 264 (2 x 132) 4.40 = G.800
328 (2 x 264) 8.10 £ 0.943
1056 (2 x 528) 1240 £ 1.356
528 (1 x 528) 10.83 £ 1.343
Bromobenzene 125 {2 x 62.5) 370 & (.640
240 (2 X 125) 550 + 0.806
3752 x 187.%) 6.50 £ 1.024
500 (2 x 250) 8.30 = [.100
Chlorabenzene 225 {2 % H2.5) 3.10 = 0.830
450 (2 x 225) 3.90 + 0.830
675 (2 X 331.5) 490 + 0943
900 (2 x 450) 7.20 += 0.871
m-Dichlorobenzene 175 (2 x §7.5) 340 = 0.663
350 (2 X 179) 440 = 0.916
525 (2 % 262.5) 630 2 1.100
700 (2 x 350) 920 £ 1.248
o-Dichlorobenzene 187 (2 x 93.5) 390 £ 0.943
375 (2 X 182.5) 450 £ 124
562 (2 x 281 544 = 1.257
750 (2 x 375) 390 = 1135
p-Dichlorebenzene 3552 x 177.9) 4.00 = 0.632
710 2 % 355) 490 + {.135
1065 {2 % 532.5) 800 x 1.000
1420 (2 x 710) 6.60 = 0916
1.2,3-Trichlorobenzene 250 (2 x 125) . 4.10 + 0.943
500 (2 x 250) 520 £ 1.249
750 2 % 375) 6.80 + 0.979
1000 (2 x 500 7.30 2 1.005
1,2, ¢.Trichlorobenzene 210 (2 X (09 3.50 = 0.806
420 (2 % 210) 4.50 = 0.806
630 (2 x 315) 5.80 + 0.871
840 (2 x 420) 740 = G916
1,3.5-Trichlorobenzenc 425 2 % 212.5) 3.60 = 0.80¢
850 (2 x 425) 440 + 0.916
1275 (2 X 631.5) 6.60 + 0.894
1700 (2 x 850) 720 + 0.979
112
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benzene to induce myelogenous leukaemia and other blood
dyscrasias in rodents and supposedly in man have becn well
documented (Diaz et af. , 1980; Meyne and Legator, 1980; Snyder
et al., 1980; Goldstein and Snyder, 1982; Harper er al., 1984;
Cronkite ¢f al., 1985; Styles and Richardson, 1984; Erexson e
al., 1986; Dean, 1985: Infante and White, 1985), little adequate
information exists on the catcinogenic/mutagenic effects of halo-
genated benzenes.

Our data demonstrate the clastogenic activity of these com-
pounds (Table II) and indicate the desirability of further testing
of benzene derivatives in order to assess the mutagenic hazard
and carcinogenic potential associated with the use of this class
of compounds.

The number of hurnan cases of leukaemia associated with DCB-
exposure is too small to assess a causal relationship (IARC,
1982b). This observation and the possibility of weak mutagenic
activity of chlorinated benzenes IARC, 1982a) suggest, however,
that they may possess the ability to bind to DNA and cause genetic
alterations in cells. BB has been found to bind covalently to
DNA/RNA in mouse and rat liver cells at rates comparable to
those of some moderate oncogenic compounds (Colacci ef al.,
1985). In this connection, the negative results of Wester ef af.,
1985) following lifetime carcinogenicity testing of chlorinated
benzenes on rat may not be a very reliable assessment of the car-
cinogenicity of chlorobenzene (CB) isomers. This view is based
on a fact that a mixture of 11 halogenated hydrocarbons (including
six CB isomers) was iested together rather than testing each com-
pound separately. Although Lai (1984), in a review article, cites
a study conducted by the US National Toxicology Program im-
plying that menochlorobenzene is a rat carcinogen, the resulis
of this study do not appear to have been published.

Further studies are in progress to identify the metabolite(s) and
the mechanism(s) involved in the induction of clastogenic effects
in bone marrow cells of mice by halogenated benzenes.
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INTRODUCTION

The Salmonella/mammalian microsome test developed by Ames and his associ-
ates {Ames et al, 1975] has become widely accepted as an initial test for the
identification of chemicals with mutagenic activity. Substances that produce a positive
mutagenic effect are considered to be potential animal mutagens and carcinogens and,
by extension, potential human mutagens and carcinogens. This is because of the
reported high correlations between mutagenicity in Salmonella. and genetic and
carcinogenic effects in mammalian systems [McCann et al. 1975; Sugimura et al,
1976; Purchase et al, 1978; Rinkus and Legator, 1979 Bartsch et al, 1980}, However,
chemicals that are not mutagenic in Salmonella cannot be considered benign. It has
been well documented [McCann et al. 1975: Rinkus and Legator, 1979] that certain
chemical classes, such as chiorinated hydrocarbons, contain a large number of
carcinogens that are not mutagenic to Salmonella. Other chemicals are negative in the
standard plate or preincubation protocol but are positive in protocols modified to
achieve improved metabolism of the chemical to a mutagen or optimal exposure of

AR

E‘“ the cells to the mutagen. Examples of these are the requirement for flavin mononu-
% cleotide (FMN) and reducing conditions or riboflavin for benzidine-based or other
g azo dyes [Prival and Mitchell, [1982; Hartman et al, 1978; Sugimura et al, 1977:

Robertson et al, 1982], or the need for testing volatile liquids in a sealed chamber
[Simmon et al, 1977].
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The testing of large numbers of chemicals for mutagenicity in Salmonella and
other test systems is being performed within the National Toxicology Program (NTP)
[Zeiger and Drake, 1980]. All chemicals selected for genetic toxicology screening are
initially tested in Salmonella using a preincubation procedure [Yahagi et al, 1975],
which is a modification of the Salmonelia/mammalian microsome test of Ames et al
[1975]. Additional tests—Drosophila melanogaster sex-linked recessive lethal and
heritable translocation tests, induction of chromosome aberrations and sister chroma-
tid exchanges (SCEs) in Chinese Hamster ovary (CHO) cells, and induction of
mutation in L5178Y mouse lymphoma cells—are performed on selected chemicals
based upon the needs of the NTP and results obtained from other mutagenicity test
systems and carcinogenesis tests. The results obtained in these short-term mutagenic-
ity tests witl be used by the NTP in the prioritization of chemicals for subchronic or
chronic toxicity testing, to assist in the evaluation of rodent test data, and to alert the
cognizant government agencies and industries about potentially hazardous chemicals,
A number of the chemicals were already reported by other workers as having been
tested in Salmonella. Some appeared in the literature after the NTP program had
begun; others were tested to develop a NTP data base for these chemicals or because
they were members of a larger class of chemicals of interest.

The Salmonella tests were performed by three laboratories: Case Western
Reserve University (CWR), Dr. William Speck; Microbiological Associates (for-
metly EG&G Mason Resecarch Institute [EGG]), Dr. Steve Haworth: and SRI [nter-
national (SRI), Dr. Kristien Mortelmans. Salmonella strains TA98. TA100, TA1535.
and TA1537 were used in a modification of the preincubation test of Yahagi et al
[1975]. The preincubation procedure was selected because of repacts that it was no
less sensitive than the plate test, and was more effective than the plate test for various
chemicals such as aliphatic nitrosamines [Prival el al, 1979: Yahagi et al, 1975§.
pyrvolizidine alkaloids [Yamanaka, et al, 1979], and volatile chemicals [Rosenkranz
et al, 1980]. Liver $-9 was prepared from male Sprague-Dawley rats (RLI) and
Syrian hamsters (HLI) that were induced with Aroclor 1254 [Ames et al, 1973].
Hamster liver was used because of indications from a prior study (unpublished) and
reports that the use of hamster $-9 would detect a number of chemicals undetected
with rat S-9 [Prival and Mitchell, [981; Bartsch et al, 1975; Sugimura. persomal
communication]. The protocol was standardized among the three laboratories. as
discussed below. Each chemical was coded and tested as an unknown; the primary
purpose of each test was to determine whether or not the chemical was mutagenic.,

_This is why, in the case of a positive result, only the strains and activation systems

that gave the positive results were repeated, not the entire series. The protocol was
designed to ailow the individual investigators the flexibility to change doses based on
their interpretations of the results of the initial experiiment. To monitor the perform-
ance of each laboratory. a set of positive and negative control chemicals was chosen.
These chemicals were included, on a random basis, in batches of coded test chemicals
sent to the testing laboratories. In addition to these controls, a small number of test
chemicals selected, at random, were resubmitted to the same laboratory or sent to a
second laboratory to determine interlaboratory reproducibility.

This publication is a presentation of Salmonella testing results on 250 coded
chemicals, encompussing 370 tests (see Table I). The majority of these results were
previously summarized in issues of the National Toxicology Program Technical
Butletin [1980a.b, [981a,b, 1983]. However. some interpretations were changed since
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publication in the NTP Bulletin, based upon a reevaluation of the data. The presenta-
tion here is designed both to summarize the results in the text and to present the data
(Appendix 2) so that the reader has the opportunity of performing an independent
evaluation of the data. Results from additional chemicals will be presented in future
publications.

MATERIALS AND METHODS
Chemicals

The chemicals tesied, their source, and purity (where known) are listed in Table
I and their structures are given in Appendix 1. They were supplied to the testing
laboratories by a chemical repository (Radian Corporation, Austin, TX), which was
responsible for purchase and inventory of the chemicals. collection of physical,
toxicological and safety data for each chemical, coding each test sample, shipment to
the testing laboratories, and chemical analyses (when requested). Each sample sent
out by the repository carried a unique, six-digit code number (Aliquot number) so
that it could be tested under code as an unknown. The laboratories were also supplied
with available information on the volatility, density. solubility, flammability. and
stability of each chemical; Radian only performed sotubility tests. Also sent, but in a
sealed envelope coded with the Aliquot number, was the chemical name(s) along with
the available information on its toxicological effects and decontamination procedures.
The laboratories were instructed to open this envelope only in the event of a spill or
exposure to the chemical and to treat all coded chemicals as potential mutagens and
carcinogens. After completion of the testing, the unopened envelopes were returned
to the Radian Corporation. .

- All chemicals were stored at the testing laboratories as recommended by the
chemical repository. Each chemical was dissolved and diluted- imwmediately prior to
testing. The solvent of choice was distilled water; dimethyl sulfoxide (DMSO) was
used if the chemical was insoluble or not sufficiently soluble in water. Ethanol (95%)
or acetone was used if the chemical was not soluble or stable in DMSO.

As a rule, if a chemical was mutagenic or gave a questionable response. it was
analyzed by Radian for identity and pucity. Analyses had been performed previously
by Midwest Research Institute (MRI) on selected other chemicals and on chemicals
that had been tested in the National Cancer Institute’s Carcinogenesis Bioassay
Program. The results of these analyses are in Table 1.

Bacterial Strains

Salmonella typhimurium strains TA1535, TA1537, TA98, and TA100 were
obtained by the individual laboratories from Dr. Bruce Ames, University of Califor-
nia, Berkeley. Cultures of each tester strain were prepared for storage essentially as
described in the Supplement to the Methods Paper {Ames et al, [975] supplied with
the tester strains by Dr. Ames. Frozen cultures were stored in liquid nitrogen (EGG)
or in a —70°C freezer (CWR, SRI) in 0.2-ml aliquots (EGG), or in 1-ml aliguots
(SRY) in sterile, screw-cap vials, To inoculate overnight cultures, CWR transferred a
loopful of cells that were maintained on Columbia agar slants kept at 4°C into
Columbia broth. EGG transferred a loopful of the thawed cultures into Oxoid Nutrient
Broth #2 (CM 67) and discarded the unused portion of the thawed culture. SRI used
all of the thawed l-m! culture to inoculate minimal glucose medium {Vogel and

3 t. . . Gt e e Doy At AL Sly s CRRe wl
[N R . Do . O T A T e N I R - i
L U O T TR b oo o
R S T : i .
. ST her N . L g . - . R
O I DT TN e ] er ke ced By eatann s e emaan 2 PR .

L opekstanraest aean
PR N




4

TABLE 1. Sources, Purities, and Mutagenicities of 250 Chemicals in Salmonella (Continued)

CAS .
Chemical name number Chemical source Lot number
194  Pentachloroethanc 76-01-7 Aldrich CE 072487
195 Pentachloronitrobenzene 82-68-8 Aldrich AC O7TUT77
196 Pentachlorophenol 87-86-5 Aldrich CC 022487
197  Phenol 108-95-2 - Fluka: Textile Chem, 187130280;
79380
198  o-Phenyl phenol 90-43-7 Dow Chemical MMO2157
199  Phosphamidon 13171-21-6 Chevron —
200 B-Picoline 108-99-6 MC/B 1328
201 Picric acid 88-89-1 MC/B 8HO%A
202  Piperazine 110-85-0 Eastman ATC
203  Piperonal 120-57-0 Eastman ABX
204  Piperonyl butoxide 51-03-6 FNC -
205  Piperonyl sulfoxide i20-62-7 CPC International 291-N100-12
206 Prednisone 53-03-2 Upjohn 52836
207 (-Propiolactone 57-57-8 Tridom 196050 1178
208 L,2-Propylence giycol 57-55-6 MC/B C6I13
209 Pyridine 110-86-1 Fisher 732113
2{0  Pyrimethamine 58-14-0 Burroughs-Wellcome 51416
211 Quinoline 01-22-5 Eastman D6H
212 Resorcinol (1,3-benzenediol) 108-46-3 MC/B C3J23
213  Ricinoleic acid, Na salt | 5323-95-5 MC/B D6FQ4
214  Semicarbazide HCI 563-41-7 Aldrich EC 050287
215 Sodium fluoride . 7681-49-4 Aldrich DC (30887
216  Sodivm phosphate, dibasic 7558-79-4 Fisher 783607
217  cis-Stilbene 645-49-8 Pfaliz & Bauer —
218  trans-Stilbene 103-30-0 Aldrich JC 072087
219 Streptomycin sulphate (2:3) 3810-74-0 Sigma 107C-5168
220 Sulfallate 95-06-7 Monsanto H32(5
221 1,23 .4-Tetrachlorobenzene G34.66-2 Pfaltz & Bauer —
222 1,2.3.5-Tetrachlorobenzene 634-90-2 Aldrich 101777
223 1.2,4 5-Tetrachlorobenzene 95-94-3 Pfaltz & Bauer —
224 1,1,1,2-Tetrachloroethane 630-20-6 Aldrich KE 7912KE
225  1,1,2.2,-Tetrachioreethane 79-34-5 Aldrich 060207
226  Tetrachloroethylene 127-184 Fisher 772783
227 1,2.3,4-Tetrachloronzphthalene 20020-02-4 Aldrich DC 052347
228  2.3.4,5-Tetrachloronitrobenzene 879-39-0 Aldrich 090777
226 2.3.5.6-Tetrachloronitrobenzens 117-18-0 Aldrich BB 120557
230 Tetramethy! lead 75-74-1 Ethyl Corpaoration —
231 Thiocarbanilide 102-08-9 MC/B 11822
232  Titanocene dichloride 1271-19-8 Pfaltz & Bauer —_
233 Toluene 108-88-3 Fisher 782825
234  Tributoxyethyl phosphate 78-51-3 Pfaliz & Bauer —_
235 Tributyl borme 688-74-4 MC/B 5738
236 1,2,3-Trichlorobenzene 87-61-6 Aldrich HC 060787
237 1,2.4-Trichlorobenzene 120-82-1 MC/B B3I108
238 1.3.5-Trichlorobenzene 108-70-3 Aldrich KC 081087
239 1,1,1-Trichboroethane T1-55-6 Fluka 31086 680
(chlorothene) -
246 2.4,5-Trichlorophenol 05-95-4 Aldrich JD 02197
241 2.4.6-Trichlorophenol 88-06-2 Eastman B7X
242 1.2,3-Trichloropropane 96-18-4 Shell Chenical JG 32449
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TABLE L. Sources, Purities, and Mutagenicities of 250 Chemicals in Salmonella (Continued)

CAS
Chemical name ' number Chemical source Lot number
243  Tricresyl phosphate (tritolyl 1330-78-5 MC/B C3lie
phosphate)
244  Tri-m-cresyl phosphate (TMCF) 563-04-2 Pfaltz & Bauer T206405
245  Tris(2-chloroethyl)phosphate 115-96-8 Stauffer 0I0IF-1-3
246  Tris(2-chloroethyl)phosphite 140-08-9 Aldrich KC 073137
247 m-Xylene 108-38-3 Eastman B7B
248  o-Xylene . 95-47-6 Aldrich HD 061297
249  p-Xylene 106-42-3 Aldrich CD 030197
250  Ziram . 137304 Uniroyal —

“CWR, Case Western Rescrve University; EGG, EG&G Mason Rescarch Institute: SRI, SRI Inter-
national.

"+ Positive, — . negative; 7, equivocal.

“None available. :

“Purity based on Radian analysis.

“Purity based on MRI analysis.

"Two different fots tested.

Bonner, 1956} supplemented with biotin and an excess of histidine. All overnight
cultures (fate log phase) were obtained by incubation at 37°C on a shaker for 12-15

hr and were routinely checked for genetic integrity as recommended by Ames et al
{1975].

Preparation of $-9 Fraction

Liver 8-9 fractions were routinely prepared from male Sprague-Dawley rats
and male Syrian hamsters that were injected, ip, with Aroclor 1254 (200 mg/ml in
corn oil) at 500 mg/kg. Five days after injection, the animals were sacrificed by
decapitation (EGG, SRI) or cervical dislocation (CWR) and the livers were removed
aseptically. The animals were fasted for 12-24 hr immediately preceding sacrifice.

Liver homogenates were prepared aseptically at 0-4°C. Excised livers were
rinsed with 0.15 M KClI, then minced and homogenized (3 mi of 0.15 M KCl/g wet
tissue} in a Potter-Elvehjem apparatus with a teflon pestle (EGG, SRI) or in a Waring
blender (CWR). The homogenate was centrifuged for 10 min at 9,000g at 4°C. The
supernatant (S-9) was decanted and distributed into freezing ampules and stored at
-70°C. '

The microsomal enzyme reaction mix (8-9 mix) was prepared immediately prior
to each assay. Unused S-9 mix was discarded and not refrozen. One milliliter of $-9
mix has the following composition: S-9, 0.10 ml; 0.04 M MgCl,, 0.02 ml; 1.65 M
KCl, 0.02 ml; 0.04 M S-nicotinamide adenine dinucleotide phosphate (NADP), 0.10

mi; 0.05 M glucose-6-phosphate, 0.10 ml; 1.0 M NaH,PQO,4 {pH 7.4), 0.10 m!; and
distilied water, 0.56 ml.

Preincubation Methodology

All chemicals were tested using the preincubation procedure of the Salmoneila
assay [Ames et al, 1975] as described by Yahagi et al [1975]. Briefly, 0.5 mi of $-9

304 - .. e o




17

Label Analyzed Testing Test
purity purity lab result
" Technical CWR.SRI - = 243
- SRI - 244
99.5% 98.2%¢ SRI — 245
- 87.8%" _ CWR.SRI + .+ 246
Practical EGG - 247
Q7% EGG - 248
99% EGG - 249
— 86.2 %" SRI + 250

mix or 0.1 M PO, buffer was dispensed into an appropriate number of 13 X 100 mm
culture tubes maintained at 37°C in a dry-bath. Then, 0.05 ml of cells and 0.05 ml of
solvent or chemica! dilution were added to each tube. The mixture was vortexed and
allowed to incubate with shaking in the early tests (CWR, EGQG), or standing (SR}
for 20 min at 37°C. The protocol was later changed to eliminate the shaking
procedure, because the commercial shakers available would not fit in the Class I,
Type B hoods and, for the purposes of laboratory safety, it was inadvisable to incubate
the chemicals at 37°C in the open laboratory. Following the preincubation period.
2.5 ml {EGG) or 2.0 ml {CWR, SRI]) of molten top agar {45°C) supplemented with
0.5 mM L-histidine and 0.5 mM d-biotin was pipetted into the tubes. which were
immediately vortexed, and their contents poured onto 25 ml of minimal glucose
bottorn agar [Vogel and Bonner, 1956} in a 15 x 100-mm plastic petri dish (Falcon
Muta-Assay, 1028 [EGG, SRI] or Fisher Scientific petri dishes [CWR]). After the
overlay solidified, the plates were inverted and incubated at 37°C for 48 h.

At least five doses of test chemical, in addition to the concurrent solvent and
positive controls, were tested on each strain in the presence of S-9 mix or buffer.

Three plates were used, and the experiment was repeated no less than 1 week after
completion of the initial test.

Dose-Setting Experiment

To select the dose range for the mutagenesis assay, the test chemicals were
checked for toxicity to TAL00 up to a concentration of 10 mg/plate or the limit of
solubility, both in the presence and absence of $-9 mix. One or more parameters were
used as an indication of toxicity: viability on complete medium (EGG) and reduced
numbers of revertant colonies per plate and/or thinning or absence of the bacterial
lawn (CWR, EGG, SRI). If toxicity was not apparent in the preliminary toxicity
determination, the highest dose tested was 10 mg/plate; otherwise the upper limit of
solubility was used. If toxicity was observed, the doses of test chemical were chosen
so that the high dose exhibited some degree of toxicity. Occasionally, in the earlier
tests, the high dose was greater than 10 mg/plate.
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Positive Controls

The positive control chemicals were tested concurrently with each test chemical.
2-Aminoanthracene (2-AA) was tested on all strains in the presence of rat and hamster
S-9. 4-Nitro-o-phenylenediamine (NOPD) was tested on TA98 without 5-9. Also
without 8-9, sodium azide (SA) was tested on TA 100 and TA1535, and 9-aminoacri-
dine (9-AAD) was tested on TAI1537. The actual concentration for each positive
controt chemical used for each strain and activation condition was selected by the
individual laboratory based on dose-response curves generated at the beginning of the
testing program. The doses of the positive controls used by each laboratory are given
in Table II.

Data Evaluation

Although procedures for the statistical analysis of Salmonella plate test data
have been developed {Margolin et al, 1981], they were not incorporated into the
initial data evaluations, The data were evaluated in an ad hoc manner by each testing
laboratory and by NTP personnel. Prior to statistical analysis no formal rules were
used; however, a positive response was indicated by a reproducible, dose-related
increase, whether it be twofold over background or not. The matrix of test strains
and activation systems used allowed the investigators to detect trends or patterns that
might not be as evident if only one strain and activation system were examined. In
addition to the standard “positive™ and “negative™ categories, there is also “question-
able” (or “inconclusive™), This applied to low-level responses that were not repro-
ducible within the laboratory or to results that showed a definite trend but with which
the investigator did not feel comfortable in making a “+” or “~" decision. It also
included tests in which an elevated revertant colony yield occurred at only a single
dose level. After a decision on the mutagenicity of a sample was made, a request to
decode the sample was sent to the repository, and the code was broken. The data were
subsequently evaluated using an anatysis based on the models presented by Margolin
et al [1981]; this analysis will be described elsewhere [Risko et al, manuscript in
preparation]. As a result of these statistical analyses, a number of calls were changed
from the original “negative” to “equivocal.” The statistical analysis did not result in
any “positive” or “equivocal™ calls being called “negative.”

Because the criteria for “positive™ or “questionable” decisions have evolved
during the course of this study and because of the recent use of statistical analysis,

TABLE II. Concentrations of Positive Cantrol Chemicals (ug/plate)

TA9S TAI00 TAIS3S TA537
-89 4S9  ~89 4S9 -89  +59 —5-9 +5-9
(NOPDJ'  (2-AA)  (SA)  (-AA)  (SA)  Z-AA)  (SAAD)  (2-AA)
CWR 3.3 1.0 3.2 £.0 13 2.0 33.0 20
EGG 12.0 RUILSY 25 RUILS 2.5 RLILS 80.0 RLI LS
HLIO.75 HL10.75 HL10.75 HLIO.75
SRI 5.0 1.0 1.0 1.0 1.0 2.5 50.0 2.5

“NOPD, 4-nitro-o-phenylenediamine; 2-AA, Z-aminoanthracene: SA, sodium azide: 9AAD, 9-amino-.

1eridine.
"Different concentrations for each $-9 source.

——
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some of the results assigned in Table I differ from the initial evaloations published in
the NTP Technical Bulletins [1980a,b, 1981a,b, 1982a.b, 1983]. The chemicals whose
interpretations differ from those in the Bulletin are o-anisidine, boric acid (EGG
Aliquat), 3-chloronitrobenzene, cyclohexanol, 2.4-dichlorophenol, 3,5-dichloro-
phenol, gallic acid (SRI Aliquot), glycerol (CWR Aliquot), and thiocarbanilide (SRI
Aliquot}.

RESULTS AND DISCUSSION

Summary results are presented in Table I and data in Appendix 2, Tables 1-
250. 'The 250 chemicals tested encompass 370 separate samples (aliquots) tested
under code using a standardized protocol. Fourteen of the chemicals were tested as
coded, positive controls (AF-2, 2-aminoanthracene, 4-aminobiphenyl, benzo(a)pyrene,
calcium chromate, cyclophosphamide, dimethylcarbamyl chloride, 3-methylcholan-
threne, 4,4'-methylene-bis-2-chloroaniline, nitrofurantoin. N-nitrosodimethylamine,
N-nitrosopiperidine, picric acid, and #-propiolactone) and five as coded, ncgative
controls (choline chloride, glycerol, glycine, mannitol, and sodium phosphate). Strep-
tomycin sulphate was originally chosen as a negative control, but was mutagenic in
TAS8 in two of the three laboratories testing it (see Appendix 2, Table 219.1,2,3).
Among the 230 chemicals that were not originally selected as controls, 143 were
clearly negative, 70 were clearly positive, and 17 were either questionable or did not
show agreement between laboratories. These last 17 chemicals included five that were
equivocal in one or both laboratories (o-anisidine, 3-chloronitrobenzene, cyclohex-
anol, 2 4-dichlorophenol, and 3,5-dichlorophenol). Of the remaining 12 chemicals.
five were equivocal in one laboratory and positive or negative in the other(s). The
final seven chemicals showed a definite disagreement between laboratories (p-anisi-
dine, bromoform, 2.6-dimethylmorpholine, ethyl acrylate, ferrocene, isoproterenoi
hydrochioride, and 2-aminobiphenyl. which was negative in one laboratory the first
time it was tested but positive the next).

It can be seen that, for the most part, there was good reproducibility between
laboratories, even for relatively weak mutagens (Figs. i-14). Occasionally, relatively
large variations ia the degrees of the responsc were seen., but it was difficult to
determine to what extent these were a function of the laboratory or of the chemical/
activation/Salmonella strain combination.

The negative control chemicals were all nonmutagenic in all tests with the
exception of two positive responses from streptomycin sulphate and an equivocal
response in one laboratory with glycerol, The positive controls were detected by all
laboratories and were reproeducible (Figs. 1-7).

The results presented in Appendix 2 are from the most definitive experiment
conducted on each chemical. For the most part, the results from the confirmation
{second) experiment are considered the most definitive. In a number of instances
where the first or second experiment yielded weakly positive or questionably positive
data, or the succeeding experiments were in disagreement with the first experiment,
data from all of the experiments are presented. In all cases, however, if the reader
wants data on a specific chemical in addition to that presented in. Appendix 2, the
specific testing laboratory should be contacted directly.

The majority -of chemicals judged positive or questionable induced a response
in TA100 with or without additional positive responses in one or more of the other
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strains. A number of chemicals produced higher responses with hamster S-9 (for
example, see Figs. 6, 7, 15-19), and vice versa (Figs. 12, 20-22), but a few were
positve only with rat or hamster $-9, and some ounly in the absence of §-9. Substituted
nitrobenzenes generally exhibited their strongest mutagenic responscs in the presence
of hamster S-9. The chlorinated nitrobenzenes were gencrally quite toxic to the tester
strains, which limited the concentrations of chemical that could be tested. Two of
these chemicals {2- and 4-chloronitrobenzene) were also tested (EGG) using the plate
incorporation method (data not shown). Under these test conditions, higher concen-
trations of the chemicals could be tested. As might be expected. greater mutagenic
activity was observed using the plate incorporation method. These data would indicate
that when testing very toxic chemicals, negative or equivocal results with the prein-
cubation method may require confirmation with the plate incorporation method. The
similarities in the dose responses of azobenzene and hydrazobenzene (Fig. 21) suggest
that both may be mutagenic via the same metabolic product. No information is
available on the comparative metabolism of these substances.

The results from this testing can also be used to determine the extent of
interlaboratory variability and, with some chemicals, intralaboratory variability as
well. Representative examples of the degree of agreement between and within labo-
ratories can be seen in the results on AF-2 (Fig. 1), 2-aminoanthracene (Fig. 2),
2- and 4-aminobiphenyl (Fig. 3), calciurn chromate (Fig. 4), 2- and 4-chloronitroben-
zene (Fig. 8), chloropicrin (Fig. 9), 2,3-dichloronitrobenzene (Fig. 10), dimethoate
(Fig.11), 3,3'-dimethoxybenzidine (Fig. 12), ethylenediamine (Fig. 13), formalde-
hyde (Fig. 14), nitrofurantoin (Fig. 5), N-nitrosodimethylamine (Fig. 6), and
N-nitrosopiperidine (Fig. 7).

Although we have not attempted to measure the extent of agreement between
tests mathematically, it can be seen to vary with the chemical and is not necessarily
related to the magnitude of the mutagenic response. Also, as seen with 2-aminoan-
thracene (cf TA100 and TA1535, Fig. 2C, D vs E, F), the variability can also be
derived from the particular Salmonella strain examined.

In many instances, disagreements between laboratories occurred because the
chemicals were coded. These disagreements may be relatively subtle and the result of
low levels of activity in one laboratory versus questionable or no activity in the other,
Many of these differences might have disappeared if the laboratory with the lower or
negative response knew of the other data and adjusted the protocol accordingly. Other
chemicals exist that are clearly positive in one laboratory and negative in another; the
reasons for these differences are not obvious and would have to be investigated on an
individual chemical basis.

A large number of chemicals were positive-in TA 100 but not in TA1535; a few
were positive in TAI535 but not TA100. The chemicals that were positive in both
strains usually showed two types of responses. The first type is best exemplified by
1-aziridine ethanol (Appendix 2, Table 22; Fig. 23). In this response, the mutagen
induces approximately the same absolite numbers of revertants in both TA1535 and
TA100; the only difference is that in TA100, the revertants appear against the higher
background reversion frequency. Chemicals of this type which induce only fow levels
of revertants may be detected more readily using TA1535, and may be considered
negative in TA100 if the number of induced revertants falls within or close to the
. range of spontaneous revertants; for example, ethylenediamine (Appendix 2, Table
123; Fig. 13) and N-nitrosopiperidine (Appendix 2, Table 185: Fig. 7). The other
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type of response is the one in which mutagenicity is observed only in TA100, such as
with chloropicrin (Appendix 2, Table 63; Fig. 9), dimethoate (Appendix 2, Table
107; Fig. 11), chloronitrobenzenes (Appendix 2, Tables 53-35; Figs. 8, 10) and
others, or a higher number of revertants is induced in TA100 than in TA1535 (1,2,3.-
trichloropropane [Appendix 2, Table 242, Fig. 171 and 2-aminoanthracene [Appendix
2, Table 10; Fig. 2]). These responses are not unexpected and reflect the mechanisms
of action of the mutagens and the degree to which the error-prone repair system coded
for by the pKM 101 plasmid recognizes the DNA adduct produced.

Limitations

In any study using coded chemicals with fixed protocols, one would expect to
obtain negative resuits for chemicals that have been reporied elsewhere as mutagenic,
This is because, with a coded chemical, the testing laboratory does not have any
preconceptions about the “expected” responses based upon knowledge of the chemii-
cal’s structure or responses in other biological systems. Having this knowledge
affords the researcher the ability to test at varying dose ranges with different levels
and types of S-9 and in varied protocols if the anticipated result is not obtained in the
standardized protocol. In a study of the type reported here,the testing laboratory does
not have the luxury of knowing the “expected” response; therefore, some of the
chemicals that are reported here as nonmutagenic may have been reported as positive
in the literature, '
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APPENDIX 2

Mutagenic responses of Salmonella tester strains TA100, TA1535, TA1537, and
TA98 (mean +.SEM) to test chemicals. Chernicals are numbered as in Table I (pp.
6-17). Doses are in pg/plate; 0.0 dose is the solvent control.

Where only one test is reported for one chemical/laboratory combination (Ali-
quat), only the final test data are presented. If more than one Aliquot of the chemical
was tested, the different aliquots are designated .1,.2, etc. Where more than one test
from the same aliquot is reported, they are labeled with lower case letters, eg la . . .
where a is the earliest data set.

Abbreviations are as follows: DMSOQ, Dimethyl sulfoxide (solvent); H,O,
Distilled water (solvent); 95% ETOH, 95% Ethanol (solvent); POS, Positive control
(see Table II}; CWR, Case Western Reserve University; EGG, EG&G Mason Re-
search Corporation; SRI, SRI International; NA, not activated; RLI, rat liver S-9,
Aroclor 1254 induced; HLI, hamster liver S-9, Aroclor 1254 induced; s, slight
clearing of background lawn; t, complete clearing of background lawn; p, precipitate
present in plates. ‘ ’

. TABLE | ACETRHIDE [uz0] (6]
: 1 1 1
! TA1A0 I: THSIS ; A5 t TA98
. 1 ]
. Doze | M RLI L& 1 = ni [ S N7 183 {71 S 7Y ALY [ 51
; i ; — T
i I H
) .0 1 105y 1.0 123¢ 10,3 96z S.T 1 e 1.3 9% 2.1 MNe t.0t &z .9 8 1.8 8; .51 20z 1.9 19¢ 3.5  1Bg 2.2
P 100,01 Bl 5.0 115¢ 6.3 100ox N30 T 1.8 T 1.5 t2e 27! s 3a ] 7= 2.0} 132 3.5 e 1.1 25z 2
213.¢ | 1102 16,1 100 9.3 102: 2.7 | 17y 2.0 Tz 6 & 210 T 9 e 1.5 Y2 1.2 0 22 .7 WMz 2.2 20z 0.3
Mo0.0 ! 962 5.8 j0Ty A2 1053 10.0 | g 1.7 W0 -5 10 1.5 ! 6z 1.8 8 2.4 8 1.0} 165z 2.3 272 1.6 g 2.0
H 33:3-!?:' 5%e 0.9 93 .9 10K B85 g 3.0 19z 1,3 16x 3,51 62 .3 42 2.3 Sx 188 e VA %y L3 15z 1.5
i 10006.0 .l 192 11.0 My 5.8 e 3.2 : e 1.6 9+ 1. Wy 1.5 1 9x 1.0 e 2.0 $p .30 re I.T Tz, 2.3 e 3.1
- | t
H POS  (1N325 45,2 690p 22,5 IM6e BA.9 12342 756 S0s 1.2 W01 2.3 | 17z 05.6 Wiy W.1 15Mg 8.7 [16852191.] M2y 35,9 $0R3Ix 5Z.A
.
3
t
i TARLE 2 ACTTIN {n26) (3R1)
£ 1 1 i [
B T 100 H TAIS3S H TaSTT 1 TAgh
. i | t {
7 Cose | Wt 15 i [T ar [L1% SR . 1Y 184 [ 1 " RLI HL1
d I ! 1 1.
s i | ] [
0.0 1 97+ 1.0 97+ 3.9 10Bg 2.3 1 282 3.1 102 4.2 1t 3.t 1 Sz .9 T 1 6s .61 22: 3.2 3se 2.1 3Tx 3.8
100,0 | 323 13,8 1tz V.8 ITEe 3.5 1 LI PR | [T | G gt 31z 5.0 29: 5.3 iy 1.6
333.3 1 %y T.2 98z 3.2 e 1O t12 3.2 ¥5¢ 3.2 2ex a8 1 Ag 1.3 br 1.5 62 1,31 2% 33 Mg L2 I 1.8
I000.4 ¢ B9 8.2 Tite 0.3 119 A5 L 25: 2.0 We 2.5 0y 151 3¢ .3 6 Te 1T 1 2ag 2.1 r 1.8 e 32
33313 | $8x 5.3 T V.8 1332 0.5 [ Ry L3 58: 1.9 §ax 5.0 ] e b s .6 uw O f 2™z 23 s 5T s, 3.0
46667 1 1 79 2. By 6.0 117z 3.7} 1
10000.0 : 1ok BN 133 N.e 139p 9.8 || whe 2.8 123e .1 WM9x XT ] M 2 i 0.0 3¢ 0.0 ! 205 %0 35 24 g 6.2
? H
P8 ] 28y 16,6 10924 61,4 2I6Bx .7 [ 3521 AT.T 112 124 112p 19,0 | 278 85,5 - RgAg 36,2 S22 58,2 | 5501 97.1 1033x 5T.4  1843412).0

TARLE 3 P=ACETOMTNET IR IDE fomsa] [oer)

i [ t i
i TAYGD H TAISIS { TRISIT 1 Ta9d
1 ! 3 |
Dows { A 184 wr { M A mI : LT I wr o 7} i%3 ar
1
1 i ] [

0.0} 9Tz 6.8 12x 6.4 12211 6p .8 be 2.8 6p 305 2e 1.2 6+ 0.0 bp 121 Y52 18 22: 1.2 ' .6
33.0 0 96z 3.8 21z A2 t0Te 6.9 3 .3 T 1.2 B 1,31 3 .7 = .3 £ 1,21 9 1.9 2z 1) 20x 2.0
100.0 | 933 6.9 103z 5.6 118 9.3 1 1 1.7 b (.2 Tr §1 22 ¥ s 1D b 3,80 by 1.3 Y 2N 21y 23
3.6 %0x 26 MOx TN 109 W.B ] A L3 L] e 71 3a V.2 S 1.7 T oBS 1 1y LS 0 152 A3 Wa Wb
1000.0 1 872 TN %2 2.7 1242 3T P 3z 1) L. 2, 3! Ax & LT | Te 1.2 1 13a &2 e 1.5 192 A7

2130-01[ $05 4.9 105x W3 123s U6 .: Iz .6 I .7 Yo A1 2x 4 & 1.2 52 .6: LT N e 2.4 25: 2.9
- 1
O3 | N§92 23,3 JOSTETTALM TMiBE296.3 | 2122 338 34 2.1 30 3.7 1 1982 320 109x 2.3 0T 1.8 { 278s 253 6262135.7 98M2100.7

T R R L ] P A TS ST LYY S5 R A4S By A1 b e 55,

WW*”%’M'




Appendix 2

TeRUIL BORTE  (ACETONE]  (EGC)
[l 1 i 1
] TAIH H TANS3S } st I T3
1 | 1
byse ! ulL ALy HLI [T RL1 HLL 1 ma RLI BRI [ s LR [
L 1 } L
t I I
9,0 [ 118y 1.2 101 1.7 99: M0 45y 2.3 9z 1.5 9 .91 Tx 2.1 LT 62 2.0 [ 203 5.2 e 3 21y 1§ -
M0 1 1 S0 943 8.2 102 31 11 1.7 9 2.9 B8 B Ba 1.5 F T % Ba 2.6 1 192 2.3 15e 1.0 Wy 2,9
2567 | 1a6s 5.0 1D9e T 9T 2.8 1 tap 7. tx .6 T 121 5:¢ -2 2 3 82 1,51 2z 1.3 133 2.3 \9x aa
TH.O0 1 112 1 azge M0 1 53 1 12 9 e 9 tox LS| M .7 S 1.8 52 6% 19 & 19¢ 30 dx L2
2566.T 1 34z 9.8 10dx 5.0 1159 18! 10 1.0 125 2.6 = 91 52 2.8 T 1.0 3: 1.5 15s 1A 14 3.3 W 3.7 -
TToe.0 | By £.7  BMe 5.9 1032 27T W % Ky .3 LS } i -5 bz 1.3 t j e 2.9 g 2.0 Nz Ais
i 1
PO EI13Bx SO.7 Y862y 63.3 2516y BE.2 | 81Tz 190 Neox 7.5 199 6.9 | 393p 85.% 1392 10,7 Bre AN [28152019.0 1618: 62.1 X2 TLE 1
i
TABLE 236 %.2,3-TRICKLONGBANZEXE (o] [€533) i
1 ] 1 ]
} Thios { TALS3S z THIS3T 3 TIgE
] | I
Poss | ¥a | % I st 1 | 7 NI b8 3 i ¥h wI .54 I [ 1] nt or
i ' 1 ’
I !
0.0 | 13 9.9 38 .0 1312 7.3 ] 252 6.0 124 2.9 g 9 1p 2.7 Wr -1 Wa 351 2/ 24 22 5.4 I5e 3.4
1.3 | 1222 13,2 1322 9.7 ke Mt ] 172 17T 10 2.2 16y 201 A 20 134, 3.2 t8p 3.0 1 20p 3.0 26x 2.2 I 1.0
10,0 | 1332 108 3% 7.5 t2dp T.2 [ 204 4.6 My .3 13& .3 2x 9.3 M 35 22: 00 V6 NS 2 1t Ng 3.2
31 9% 3.8 13 M6 13y 106 ] T2 2.3 thy 2.9 e 151 4z 1.3 13z 3.0 182 1.5 | 206 .T 233 3.1 g K.t
104,80 1 13z 8.9 §9p 6.0 124 10.2 | 0Op a0z 8g 1.5 1k 3.8 7! O3 0.0a Tig 1.8 21e 3.3 1 0 2.9¢ 27y L6 Mg 2.0
33%.3 : t t 0t 2.5:{ t hy 2.23 &g .?-ll 1 0 Q.08  Ep 1.4 ¢ 42 Z.2m 183 6,2a
3
PO8 1 5502 B 3962 29,5 556e 9.5 F A38p 5.3 I3 $1.3 367x 6.7 | 1632 200 287s 3.8 RET3 100 ATY; 16,3 3682 25.1 93ag 109
‘FABLE 257 1,7, M=TRICHLOACRENTENE (onse) [£139]
1 1 [ i
i Th100 i TAIS2S { TAYSIT : Tag8
bove | oM (%4 wr 1 ow RLI I oob W I KI | N 1R RI
1 L 1 L
1 . 1 1 ]
00 1 992 5.2 M3p 2.0 Hs: 4.7 | 20p 1.0 13p 3.0 Y3k 6] Mx L5 12 1.9 1Zg T ! Fx 2S5 35 2.3 e AT
33§ 10de %D 10Te 5.5 IZée 2.0 0 6 1.5 15 2.5 13p 2,91 18: 3.8 10, 1.5 YA 5.2 1 3By 4.0 Iy 2.3 Mz 9
W0 | 86x 6.7 115z 9.5 122z 5.8 1 1% a2 95 0.0 193 27! ZAnx 2.7 g 2 2 LT L 2y 4.2 3p 4.4 ¥k 2.7
33,3 { &1p0.1a 123p 2.2 1A T.3 1 19x 1.2 M2 32 112 LT iz T 4t 431 Ma 1D Mg 1T Mz 9 Mx 2.3
wia0 & Tide 4.7 Togde 6.9 [ &2 608 9 1.4 125 2.7{ %z 1.8 e .7 iT¢ A ] 28 1.3 3 44 18 5.4
133.3{ [3 11 9.4 2z zu.s:: € g, Te 6 1.5-1t 3 2.3 T 1.2 LS o.o-} Fx 2.8 Iy 1T 9% 8.5
POS | §25p 20,8  REOx 15.3 983100, 1 Nerp 23,0 305e 3.2 268y 3N.A [ 308z .0 158s $0.6 208y 5.8 [ 850 180 8By 1.0 1298x130.5
TABLE )8 1,3, 5= TN ICHE DROVENZENE {ouso) {satl -
[} 1 [ |
1 Titoo l 141533 il Thi%T 1 TASE
| I
bosa ! 7Y mni I L 13 K1 [ %4 | £ RLI HLT | NA ALI WI
| i {
] T 1 1
0.0 § 7282 15,0  IT6e 1.7 1084 11.T | 158 2.4 182 1.3 152 LT[ 28 2.3 I8 5.2 ¥e N8| 25¢ 4.8 b3s 1.2 I7e 5.3
.31 9% 125 35Tx 1.8 2dx 4.5 1 182 322 13z 2.0 8z L6 1 10x 1.2 30s 1.2 3y 3.5 Wy .9 Mg 1.2 % 6.9
100.0 | 39z V.03 352 2.3 11T2 12,8 [ 3 1,33 11z 2.0 9y 2.9 1 3a& .54 Mz 313 e LTI 112 Es 33 A8 s 1.8
MLIL 5 5.3 1y 2.3 Wiz G & Mx .83 16y 1.5 1 0x 008 104 233 13: 1.0 1 3x .38 s 2.0 i 3.3
1000.0 ¢ 28x 6.3 1152 T.36  Q1e 1163l O 0.98  Ta V.52 13 301 0x 0.0 9y t.7a 12% 1.20f &s 1.3x  20x W58 t9x 1.5a
333].3: 823 2.0 121y T.02  TOp 5.00; & 1.8» 62 1.0¢ 1g 1.7 } G 0.08 1y .32 Sz .88l 13  .3e  2Si w.3Ax 8p 1.0
f
PO | 63T 2ELT B2ta S0 M2e 16.T 1 5152 A9 157+ E8 303x 4.8 | 1362 26,0 280a T.2 32ze 36.7 | T06a 1N.6 S3ag £A.T  Afay 3.9

TABLE, 2)9.4 151, t-TRAICHLOMGRTHANE {CHLOROTUENE) {onss] (G TH
1 1 ( 1
! TRIGD 1 721535 | Ta1537 ! 8
[ H i i
Tase | N "l LI 1 L1} 14 HLT 1 LT Ll Lt ! A AL HI
L] L - . {
1 { | t
Q.0 L V99 K0 Z00x 6.3 MMa 5.9 1 a3 62 1.3 Tr 2.0 [ 53 t.2 83z V.S 42 31 223 1.5 29x 1.2 s 32
33.0 f ! ] ! e 23
109.0 § §T6x 13.4  2Ms €6 323z S.01 1 A LT T+ 1.3 Te 41 A LTt 2.7 T2 1.9 | e t.8 282 T Bx T
333.9 | 192e A.0 2924 15,6 3I9r 2301 52 .3 Tx 0.0 I= 1.2 0 42 .1 22 2.7 %2 1.5 1 e 3.6 352 1.9 292 -9
1900.0 | 2043 15.7 290 11,1 300 12,31 ¥ T g 1.3 Te V31 A L9 Mz ¥.2 5 .61 20p 1.0 35 M s 3.3
1335.0 | 2012 33,3 2678 059 2R@e 5901 1 0.0 58 1.2 58 151 S5 .6 32 .3 3y 81 2 1.3 %3 N9 30z 1.8
10000.4 J 18¢ 13.% 2913 18,9  16%x 0.0 | 12 0.0 3 .5 43 2.9 : i+ 0.0 a3 2.8 LR 1 ; 2% 2. 42 1.3
1 1
o | 87e £3.7 126 AT.1 19652 S6.% ! 936s T9.2 99z 12,2 1tbe 16,2 | 81x 9.3 1204 1.2 163 9.5 1 A6Rg 490 Gasy 12,6 19h§3180.T



1,24- Y AF ARV EY DT v b5 28 B HEEORS FEER

Twenty-eight-day Repeat Dose Oral Toxicity Test of 1,2,4-Trimethylbenzene in Rats

i

L24- FY AF LN ELiE, P)AY Y MEE, K
IVEREOERMA, %E, BN, EEROBRE, X
FUELTF2 Ly H#ETET XY v FEBROSHRER &
LTIL{fERShTWES, SWE® 7 v Mob mi/kgiE
05 LBE&id3/1008T T 5 L OHEFEH S
#, REHRSHEHICET IREREEIE L. 40,
BFbENEOFEEETMT 5010, SWEEHES
v MIZ1H1HE, 28HEREZOKRS L, 20Kk
WTHRS L. —ofgicowTid, 4B mE
HER 2 ER T, SR, 1000 me/kg T HmENE S L,
DTFARS3ICEN300, 100 8030 mp/ke & L7
LB, WML LTEER(Z-F AN IREHERIT.

FECHE, WTNROBFICLER L b o7, —RIREE
ZlIIBW» T, 300 meg/kgll LoBROMECIHSERICK
HEAIA B,

A8, 1000 mg/ke 32 HEME CHEIING] A3 A o i,
BEIfEHAR IS 1L, 1000 mg/kgBEOMERE & & FE G EME
TR L 2.

W, SRSHOMEL LR L ZIIFEBE
BL
BEREL, 300 mg/kegBEnHE L 1000 mg/kg REDHMEHE
THMWHAH G, MEMMFIZE, 1000 mg/ke BN
MR & b BB ETIRE L.
REEIBWT, 1000 mg/keBOETREDEE
MEA SN, ORI, DEHMRTRIICEEEL
7.

MFEFEREICB T, FRGBOMEREYE & HEETHE
KRS L ATEBHEA N o 7.

MFEERE BT, SRSFOMMEE b &HRE
HEIES LA EERIAL R o7, ,
R TR, wWihoREolifEr s BFixAohir-
1z,

BEEEICIBVT, HETIE300 me/kell L OB TERE
DM EREOEHE, 1000 mg/kg B CHEBOHALEED
BES L UFHOENBEBOEENRK LN, BT,
300 mg/kg A LD BETHEOM#HA - HEEEOFE,
1000 mg/kg HTEROMMERNTHELA LN,
hoOESE, DEHEETIRCEERL ..
FEMBEZNREII BT, BTI300 me/kebl £
HTERICKATOE FREENS LR, 200,
MTEHRE AR TR IS LA T, |51 L a8k
Al oi,

PLEnZ &hs, HHBEATICBITS1,24- 1) 4
TRy D28 HBEERORES I L 2 HEEENE
BEE), MHEE b 100 me/kg/day L #EZ NS,

Tk

1. WERME, Eits LURSEE

WERMEDI2A MY ATF Ry E Y (CAS No.95-63-
6) iz, oTE 12020, dig: -43.9°C, #1694 7C,
HE 088 TIZEEE, FREHCAFOELEHOE
£ TH 5 (Lot No.H5-CH-11, BLETT | WA T 0,
PEE C98.75%). AFHRIE, ZiE - EXTTREES
WARTRELL. BSHBETECHBMEN—R%
BLETIC R L T L AR, MEIL0864%TH Y,
fER AR R O RE SRR S L7,
WERMBIEITRLL, T— >3 4 WICHBRL L ERE
OFEREETRAM L. 285, 06, 28X UW20%8E
OB, =R - GER - fEEFTTTEERELT
LEEHICHMBEO LW LABER IR TV LD, &
EORMIIEE, SR EY SESETCREL,
BEBETAMMICER L, 74, HBpEEaERE
LawT, 5gllEfEETHRRLL.

2. HHEME S UEERM

Sprague-Dawley® % v + [Crj:CD(SD), (SPF}] %
ML 4ANE, MEE3ERTHERF LR - YN
LEEALL, AELZENE, SREOBREEME LY
FO%, HIZTAM, Mid 14 BEDELEME &G, —
BRRRES LUREERCREORD L V6 EER O
WA BT LTRERIIB Wi, BahiE, ar¥a—4
FRWCEEFRACFIT 7RI, BESMEEIZLD
EROEHFEES LUSHIITTE L 25 L9 IRS
RIGDRTB 24T - /2. 1BEOEYHE, HESI0HL W
5k E L. )

Eiid, FiR20~247C, BE40~70%, HHEELI12
HFRE (EREH | FATGRF~ 1260, RAMRE12E. /R
BRELCEFECHE L. i - BibEmPE R T >
ARMBEN - VRVl VAN T o
BEFLL, BoUBUAT LA EY — VRV
TEBIET L.

fEh EEEA (CRE-, U x> ¥ VBT M) %,
BRAIAENRE VRS BRICER S S, 2B, #
AT O E4B D I E E L1
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3. BEER, BE5HE BERSLIURSE

1,24- b ) AF ¥, #E5ELCEONCAR
BIRENAWEEENEZ ORD 0, R5EEE LTE
OfS2ER LA, 5 CELCE, £BEEORYV Y
FTERORF 2T 7 AF 9 2 BT 4 ZR—F 7L IEHE
THWT, BHEOES L. #5HEE, &5AH5
WIRESHIUEMDAVWIIZEROFEELEREL L, 5
mi/kg TEH L /-,

RS, 1H1ET28 HERERS L L. $1,
28 H OSBRI RO DWW T 14 B o RES
MEBiA. o8, RSMBHERS1IEEL, FBHFHE
EHOBAZEEIRE L. #5REHOBEEIR 6 R
BmThn, REFGEIIEA154~180 g, #HEA133~ 165

g THol.

REE, LICEHRLAES v bEAW2EREES
AT (RS BER L 0, 625, 125, 250, 5008
LU 1000 mg/kg, BESHF)OHERICIVRELA, T
Zib, 125 mpg/kgHl L OB THRSERICHESA LR
FiDAT, EHLIBOURBRIER, REESB LU
BTLRFREAGh ol FIT, YRBROESE
i, 1000 mg/kg BB HAEL L, BTARHIT300,
1008 LU0 me/kgd Lz, 74, dlBELTHEERYYE
ER—REOEE{O— Y3 L) BREST 2 EEZT-.

1B HIE, #BED L U000 meg/keBETIIES
BARHE T ) R ) e A 10T & [ 45 R 48 T R A A5)
MEMEE SICOMEMES 15 ICE Lz, $74, 30, 100BL0
300 mg/kg BT, HSHIRIE T RHHARFIMERES 1000 &
L.

4. HEELUHREEE

1) —fEikRE

—REB L URCOFRL, 5 AP CERS
B - o1 A2 % 6 FICEESAR P IZIIED | BI#E
L7

2) HREAE
EE, RSMRTE IUMDERMT L S LEAMIS2
EilE L7,

3) HEEEE
B, ZSHHE TS L OEESBRT L b1 M
W1EE L.

4) BUKERE
BRI & Mk L CiERE HlE L7,

5) RiEE

RSB TR SRR TROSMHSM £, [
ERER TR MEHERE TEROHEABGICOWTE
Wil7Z:, +abth, RRF—JVEHVWTHEE - BATT
IEFRICHEEL L AR (BHRRIRR ) & 31 S v THRE - K
TT2BECEREIRLZRCLEBER) 250 FAb 26
SFLARABEBR) oW T, UWTFOMELEEL L.

3RFHR C BEE, SHEEIEE L. pH, EA, ##,
g, EVNEY, &M, YOy - rid, o
—LAAZN =Ty FHBRER(TANLA - ZHE) TR
FRMTHRICZ—AZARTHH(Z V27 v 7200, =4
WA - ZHER) R HAWTRE LA, RiDER, HEER
EREBH TRERICHEMET CRELL. B, ks
MR ORRE, 2B OMERSEICT 2.

21IBFER  KEEETRIC L  BITRRILESH (2 )
ARy b - IOID, Bzay)2AVTHEL ..

4R RETHELEELSSEB LA

6) MiEFBE
ERESORE S LUREHEBE THRIZ, 2V by
EF— N3 b)Yy ADEERESC L ZREFT TRAE
WRA oM a4 RE L, UTokErEEL .
FRMIFF(RBC), NEF QL r&, ~<why) vt
&, IM-MME#ES & HImERE (WBC) i3, EDTA-2K o -
F 4 > L7 Sysmex¥ ¥ FH v FTICRE LML
2w, SXEH BB EkEEEER (Sysmex E-2000,
BEHAEFW) FRWTAEL . 8612, FiRMaE
ZMCV), FHRmERilfRE (MCH) & & UEH5R
I Bk & Fier (MCHC) # R d L 7s.

kR MRS, EDTA-2K4LE L 72- M % Brecher
B VBERRBELTRAT A FF7 AICBER,
Giemsa$efs L 2484 % 55 L CRRMEE T CARILER 1000
ElEi: E=e: VAl

HMERE 53, EDTA2KME LAMBES RS 4 F
7% A2 &L, May-Glemsafefs LA+ ERLT
PEMEE T T M ER 10048 * a7

70k EEER(PT) 8 & UEEIRERS b o R
TIAFERAPTT E, 3.13% 278 Yo
THLIR | Z-Mdg e 0w T, B AR L it
ESEB(I7yr<As— 1, S#HE) 2FWTHE
L7,

7) EE{bFEE

MBFESEG R R o) M FE & IR LB KB R 2 & $REL L
fMEEELTEL, BehmEicownt, BTo%
A EE L7,

GOT 3 X IFGPT iZ Henry 35, ALPIL p-NPPEH L,
y-GTPidy-G-P-NAKEEE, #HHRBiureti#, #Y
¥ i Azobilirubin s, JRFEZEZE (BUN) id Urease -
GIDHEE, # L7 5= id]affédE, 7 F o7 #EidGlucose
dehydrogenase®, #3 L AFT—iECOD - DAOS
#, PUZT T4 FiEGPO - DAOSHE:, Caldo-CPC
&, E#) vidMolybdenum blue ki L 9, HEATE
B (AUS00, 1 v/ RFETHER) TAVWTHE L.

Nad & UFKid 4 4 VBREEEICL Y, CLEEER
SEEIZL Y, WINR L ESHEERKSVEE (FAM, ¢
A&ET) #HWTHIELA.

EASHEIE, EARESECLYEHERRKHGERE
(AES 600, # Y ¥/ MARETIHEW) =BV THEL .

ThTIVEEIREHES LUBEASEEDPS, A/G



HERERSEED>SER L.

8) BE
LE®6) BLUT) OE T L 2B E & SR
B SE-BRICHBT - AE0NRMBAEL{T- 1.

9) HBEEROMHT _
Hmisic U ToREEETHE L. 3614, R
CHlE L EEF LR LTBTEROGFEL HME
=) ERERH LA
B (R, /B, RERE), Rahg, (OB, BFEE, §RE,
RElE, BIER, MEB L UHEELMET IR,

10) REMERERSEAIETE

MTORFEE BT RN L T10%RERE s
<) SEEL, BRIESVE -V TATRE - R
<) ) CEEL, &ficownTEECEaT/HT 7
1 BT a7,

LR, B, BROR, B, B, RabR, TR, EEEE, FEE.
R b, ORE, T4, 8%, PRBR(LENMESE
), BROARHE, /N, HEEH), MHEk, BBE(KEEE).

SRR T SR O BEEE X T1000 me/ke B
OO, R, bR, TiES L UOREICowWTHERE
ABREARLERL, REMBSENCRELL. 251,
S HAMETEED 1000 mg/keBEOBRETCHBREL I
TEFTTIEHYEIIENS L L2 SN IFRIL30,
1008 £ UF300 mg/kgHE7 & U EHEHIEE TR O R
BB X 1000 me/kg BEOMERIZ2W T, BREIE30, 100
B X U300 me/ke B b U OISR TIROMRES
L TF1000 mg/kgBEDHIZ D W TRBICHRAEL 2.

5. HETERIT
FE, EHE, BkE, RE, REE LIESHRE,
m#ELFHRE, FEEEMEMEERLED)IC20T

X, EECERESIERREETRER L. FEER
TR SR SH L OMTESERSMEL AW
Vv, EEREL%RMEAEEL LA $hbE, Bartlett
B L a2EqEoRE Ty, E0H% 63 —TEE
B L A0EAHY 217y, BEL G Dunnettik® ¥
Fzid Scheffe " W TiTo /2. —7, S0 #ED
o ZEEE, JERERAL-—TRERERICLS
547 (Kruskal-Wallis o4& ") TiTvy, HEL S EIEA
#FIH L7 Dunnett % ¥ 7-id Scheffe B4 H W TiTo F-.
B, FEAKSENEREICEVT, 1000 mg/kgBETE
TR EEITRE SNHE - i onwTiE, HBE
& OREMBE T EEOIEN ZFA LA Dunnett £ £ 7243
ScheffetE & JHV TT o7z, S HICHBEFLOMICER
EHTEH b RIFFRITOWTid, Cochran - Armitage
HEEET AV HERGE AL -,

FER

1. —REREE

HEME Sz, SEES L 100 me/ke LT OO
Mk & b BFEREA LN B o7z, 300 mg/kgl ED
HOMETHE, 5RICHENA N, FEE, 300
mg/kgHEOMTHRETH, HTHS20H, 1000 mg/kg
HoWciks2H, #TES3IAALALNR, 300
mg/kg B OMERECIZ D86 ~ 89455, 1000 me/kg#f
OREETIIEFIFRD LRI

EERET i, ATBEEES L UY 1000 me/ke BEORERE
L EEEREIASNE D

2.k EHE (Fig.1)

TEEE TSI, 300 mg/kg EL T OB O MR 2o HERE
CHEREOFRERETHY), WThOUIEH LA EFE
EiEAbREdh o7, 1000 mg/kgBEORETIL, I
EEARTHS4BE» o EEHNEREmSA R, &

500 Male Female
—#— 0 mgkg —0O— 0 mgip
—&— 30 mgkg —0— 30 mglkg
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Fig.1 Body weight of male and female rats in 28-day repeat dose oral tozicity test of 1,2,4-trimethylbenzene
Significantly different from control (*:p<C0.05, **: p<<0.01).
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58ALFFISANLRERETH I THENEFELKE
RS BN, 1000 mg/kg BEOHETIE, HHEEBELE<
THELZETIRLWSS, RS2 HEILRKRKSTA T
THRES I ER AR S

EFRIAR AL, 1000 meg/ke BN B TIIATREEL I
~TMEEIE2»HEE AR F THREDEZ R EENA S
i 1000 me/kgBEOM T, WHEBLHETHES
ZE T LD, EIEHHEHE L TREDBEE R &S
EOPAN

3. BEE

HEHEbIc, SREHOME: IEELIZIZE
BOBHETH, wTholE L EEEIALN
dhoin.

fEHHE R IzE, 1000 me/ke oS vl miE L
BEEEOEEETHY, WThoflEl s bETER
I,

4, EXE

FHEEBRTIE, 100 mg/kg DT OEOH B L 07300
mg/kg LT OO TIXHBERELIZIZFFBOEKET
Y, WTFhOBEA: bEEEEA bR d o1,
300 mg/kg BT, WEFRLETESITB LY
24 QIBAEORELREMHEIS A SN, 1000 mg/ke 3
ORBETIE, WBBELIERTHEIOALSES2MAFET
BAKBEORAEZEETEAL IS, 1000 mg/kegBEDHET
3, MEHELEATESS, ITELUUHEARENE
BEhmEEbeN. '
EEEAM o id, 1000 me/kg B0 TILEE 3 B
ok EOBEEMDR SN, 1000 me/ke O T,
RMELE<TREIBLPHICEKENDEELEE
RS HLL.

5. FRig®

G HIRMAT AN, 300 me/kg AT O BEOREHET L
SEBELENTREBLIPHECEEEEAOM R, o
#x. 1000 mg/kg BEO MM T, HEEF L IETRED
FELEENALN. 28, &, pH, BR,
b E Yy, il suey s e BIT
i, BIRSEOMHE b ABERLZIIARE T
1=,

EEMERTHCE, RESBLUTRIEEIIZL000
mg/kg DMK b BEL I TEFEERETIAGNE
Mot £, BE#E, pH, BH, &, rrrE, €Y
MY, M, vO¥Y) -5 B E0vtiER, 1000
mg/kgBEOMEHE - AR L IIIIHEBE TS o 2.

6. HIEFHE (Table 1, 2)

WS TREICIE, 100 mg/kgFEO B THTEAEL L
~STHBEREOFERBENA O NI, BEEILKE
LBk Tl e o, 43, 300 mg/ke BN FOBEOME
T, WRBRELERTFOMOBHEREE SHFEELAL
BiLGd oz, 1000 me/kg BEO BT, AREREL Hh<

TAESOE CBEOFELRESMAAR S, 1000
mg/kgFOME T, HEELESTONMIEOEES
(AR (A

FIEBARA T BRIz 1k, 1000 mg/kgBE 0 MET st REBE
EHERTwThoBlEEHB L b BEEEEZA N 42
72, 1000 mg/kgBEOMETiL, oTEB#E L A TBEEALE
FhurRTIAF rEHOEESS LN

7. BRE{ESIRE (Table 3, 4)

S EEAT RS, 30 meg/keg B0 BS X F100
mg/kg AT OO CEHBEEF L E<TwIhofle
BHEDEESEALN o7, 300 mg/kgBl L%
OETCIRIFRBEELETT7ATIVE, AGEL LUK
OBEELREE, a- /07 YEOFERIKME, 1000
mg/keBOBETIIRE VA Yy BLUNaOFE 2 RE
WA LNz, FOMIZI00 mg/kgBEDRETIX, WL
AT GOTOAE R EENA LY, HERITEE
Lk cided ot T/, 300 mg/keBEOHETI,
MWL TREB LT FoBEOFELREENA
Lhid, BEFICEKFELEETELRP o7, 300
mg/kg Bl EOBOMETIIREE L EXTHRI LA F O
— e DEE L EE, 1000 mg/kg O T GPTEH LT
0 FAOT) CEOFE LR, a- 70T VE, o
yOTY EBLTRYYNE Y OFEREENAAGR
sl

DEEA A TEFIZE, 1000 me/ke B HEClixd BB EE
EHENTWINOHEEB LA FEEEALR Do
7. 1000 me/kgBOMETE, HEBHEENTRESEZ
DEFpEEI AL

8. Elig
1SR TR S L CHEERRRETRILE, wiho
HoMEr tREZAORER Do,

9, BBER(Table 5, 6)

BSHEETHCE, 100 mg/kg L TOROMMETIE
WHELERTWINWOREEEL VFEZRAOWTY
rodz, 300 mg/kg Ml FOBROBTILGBEILTE
BOBANEEDEELBIE, 1000 mg/kegB OB TN
BOMGEENEEZBE, FHOBNEREOHEELZS
f, FEZZ2VHTHEORN EEOBEHDSA LR
o, FOMICHE, 1000 meg/kgBEO M TorBREE - T
B O EROAERIEME, B BESIUBELE
O EEOFELRENA LY, HAES L M
EETEHROEETER2WwEo, b LEHEENE
THHLDTHor. 300 mg/kegl LOFEOM T, #
BRI I~ THE O - N EEDFERFHE, 1000
mg/kg O T BEOMMEENAFELEE, FE
EI R WHFEROENEEOBEERSA LN, £D
iz iE, 1000 mg/kg B CH R & b0 E
BORELEE A LNRICY, BELETH /2.

O HAR A T BT, 1000 mg/kg BEDHETIIxTBERE
AT, B L CBEOMNEROEEL&ED



Table 1

Hematological examination of male rats in 28-day repeat dose oral toxicity test of 1, 2, 4-trimethylbenzene

Test period Termination of administration period Termination of recovery period
Dose (mg/kg) 0 30 100 300 1000 0 1000
Number of males 10 10 10 10 10 5 5
RBC (10'/mm?} 7845+ 366 78421336 T7785+243 TI74+£293 79944231 3408 +£302 8458+13.1
Hemoglobin (g/dl) 1484 £054  1480+£072 14914030 14851044 1559+ 046™ | 15224028 1520033
Hematocrit (%) 4626 £2.14 4517191 4501083 4530%1.09 4718+ 144 45.24 +0.82 4522+ 1.27
MCV (um®) 57.72+201 57.62+123 5785+14% 5831183 59.04+ 133 53.84 £ [.14 5348196
MCH (pg) 1893 +£058 19.02+£037 19.18%036 1912060 19524058 18.14 039 1798+ 0.36
MCHC (g/dl) 3280065 3299+050 33121042 32794078 3306048 3364044 33623079
Platelet {10%/mm?) 13339 14,75 13232 1 14.00 12661 £ 1508 12083 £14.28 12129 £896 (12044 £ 1375 10808 =451
Reticulocyte (%o} 273137 279154 26.0%5.1 289+%6.7 26557 286+£15 274+69
PT (sec.) 1465+154 1620+257 1683+1.51 1480+259 1486208 1440+ 1.80 16.46: 1.63
APTT (sec.) 27231224 2858+ 277 29274246 276033.67 2961272 2488 +265 26.12+1.17
WBC (10%/mm?®} 560+ 88 56.0 £ 14.7 50.6+13.2 52.9+10.0 604 + 184 69.4 - 14.7 844+ 16.6
Differential leukocyte (%)
Lymphocyte 923+£32 93.2+£28 92633 034+28 927432 95.8=%1.1 94.6:3.0
Neutrophil 7.3+34 6627 63+3.1 59+285 6.6 £3.1 36x11 5023
Eosinophil 0.1+£03 0.1£03 0.6 £ 0.5* 0.1+03 03+05 04 =05 0000
Basaphil 00200 0.0 00 0.0:x00 0.0+00 0000 0000 0.0 0.0
Monocyte 03x05 01+03 0.5+07 06107 0405 02404 0405

Each value shows mean £ S.D.
Significantly different from control (*:p<0.05, **:p<0.01).

Table2 Hematological examination of female rats in 28-day repeat dose oral toxicity test of 1, 2, 4-trimethylbenzene
Test period Termination of administration period Termination of recovery period
Dose {mg/kg) 0 30 100 300 1060 0 1000
Number of femates 10 10 10 10 10 5 5
RBC (104/mm?®) 7518323 7434353 TETH729 74371204 74091346 7824143 7978211
Hemoglobin (g/d) 1438 +0.52 1432+053 14231049 14354033 14.48+068 1490016 1480+ 060
Hematocrit (%) 4294129 4260+ 135 42424132 4285068 43361 1.66 43.70+0.53 43124150
MCV (um?) 57134+ 155 5H5747+£176 5600085 57.66+%149 5786146 54.76 £ 1.57 54.04 £0.92
MCH {pg) 1915+ 050 1027062 1879+020 19.29+056 19.32+0.50 1864 £ 044 1858 =041
MCHC (g/di) 33501+062 3355073 3354=018 3349x£072 3339046 34.06£028 34324026
Platelet (10%/mm?) 108.49 £34.49 110.96 =658 116.72+ 1492 10256 1-11.95 9162+ 11.58%%(121.82 = 8.76 123,66 £ 2092
Reticulocyte (%) 259149 24344 254+ 64 266+59 244432 248+ 238 312+87
PT (sec.) 1261 +£046 12624032 1217+036 12524023 12364054 12.60 £0.23 1248 £0.50
APTT (sec.) 1984 +146 2027 X165 2065179 203952089 20781163 2150+ 0.80 19781 1.22%
WEBC (108/mm?) 456 & 144 414 + 10.5 477 £11.3 422 +9.7 523200 66.0% 153 586+ 184
Differential leukocyte (%)

Lymphocyte 940+ 34 932447 95.0+£ 2.0 935+ 238 935+3.3 95816 952+ 1.9
Neutrophil h4x28 61141 45+ 240 59+23 59+3.1 38+13 3611
Eosinophil 0305 04 £05 0.2 04 04405 0305 0204 0308
Basophil 0.0+0.0 00+00 0.0 £ 0.0 00100 0.0+£00 00+00 0.0£00
Monocyte 0.3+05 0305 03405 02104 03105 i 02404 04056
Each value shows mean: - S.D.
Significantly different from control (*:p<0.05, **:p<0.01).
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Table3  Blood chemical examination of male rats in 28-day repeat dose oral toxicity test of 1, 2, 4-trimethylbenzene
Test period Termination of administration period Termination of recovery period
Dose (mg/kg) 0 30 100 300 1600 0 1000
Number of males 10 10 10 10 10 5 5
GOT (IU/0) 8413+ 2346 72.69:£6.90 6447 +7.23%* 73.87+ 1277 69.07 £ 10.12 67.924+506 66.38 741
GPT (1U/1) 2721 +11.18 21631288 22.27+4.39 2324+ 358 24.23+3.29 2444140 25461334
ALP {TUA) 171.28£16.15 181.03 £ 28.69 187.27 %2446 191.57+17.38 191.19 1+ 31.87 133.68 £ 18.20 143.60 £ 14.97
¥-GTP (IU/1) 0.00£0.00 0.00 £ 0.00 0.00 % 0.00 0.00 +0.00 0.00 £0.00 0.00£0.00 0.00 £ 0,00
T-protein (g/dl) 533+0.16 529£0.23 517 +0.25 5.04 :I:_O.ZZ“* 520 0,14 5.36 +0.09 526027
Albumin (g/df) 3.013+0.152 3.028 0071 2.965%0.148 2945=0.095 3.090 40,083 2944 £ 0,045 25826 +£0.170
Protein fraction (%)

Albumin 56.51 + 1.54 57.30 4 1.93 5735+ 1.81 5545+ 1.87% 5945 £ 1,29** 54.94 +£086 55621225
ay-globulin 20.11:+1.20 19.04 £- 1.99 18.88 +1.66 17.63 & 1.57** 16.86 & 1.50** 2050 £ 1.20 19641223
ay-globulin . 5884048 587 054 6.02 +£0.36 6.02 £ 047 - 6.34 £0.69 5.76 +0.27 5.74 £ 0,63
ay-globulin 5321083 5.34 £0.35 5.36 1:0.38 5.16 =040 497 +045 5.74 £ 0.61 596 +0.36
B-globulin 10.18 £0.53 10.35::0.51 10.27 £0.77 10.57 & 0.57 10.25 £ 0.70 1060 £041 1084 +£0.21
y-globulin 200+0.37 200+£048 2.12 +0.,53 2.17+054 2.13 0,68 246 £0.38 2.20 £0.63
A/G ratio 1301 £0.085 1346%+0.111 1.3500.098 1411 £0.108" 1.469 -+ 0.079** 1.220 £0.041 1.258+0.116
T-bilirubin (mg/di) 0.055+0.010 0.054 £0.011 0047 £0,008 0.053 + 0011  0.042 & 0.009* 0.068 £ 015 0.064 £ 0.011
BUN (mg/dp) 1251 +£1.99 13.49 =240 12.01 £2.60 13014253 1295+ 230 1802+ 214 1504221
Creatinine (mg/dt) 0458 £0,033 04510032 0442+0.037 04390021 04234+0.037 0.566 £ 0.046 0.518 £0.018
Glucose (mg/di) 11985798 11876+ 1223 10853+12.36 10745+ 9.11* 112.35%10.37 12644 = 13.79 12348 £8.37
T-cholesterol (mg/dt) 48.11+953 46.61 =6.85 50.87 £ 8.80 47.65 £ 6.01 49.88 - 847 49072+ 567 4338x£9.M4
Triglyceride {mg/dI) 35411564 2905+ 7.92 3455+ 1445 277279 2342 £559 3836656 44.06+21.19
Na (mEq/l) 14616 21.08 146.03+£ 155 14629076 14526+ 1.37 144.75 =0.06* 144.12 =121 144.68 £0.88
K (mEq/1) 43656 £0.286 44320256 443320160 4.668=0251% 4.772 £0285% | 4604 £0.183 4432x0.167
Clt (mEq/1) 105824135 106,16+ 153 10600110 105.86+£0.70 104.690+1.02 10448 +1.14 10510 £ 0.73
Ca {mg/dl) 1043 +023 10.34 +0.23 10.28 +0.20 10.16 £ (.27 10.26 £0.22 966 +0.11 9721033
I-phosphate {mg/df) 8.21 +0.85 8.54 & 047 8.43 £ 0.65 8.54 £ 0.69 8.21+044 746 £ 0.54 7.68 +0.43

Each value shows mean + S.D.

Significantly different from control {*;p<<0.05, **:p<<0.01}.

Table4 Blood chemical examination of fernale rats in 28-day repeat dose oral toxicity test of 1, 2, 4-trimethylbenzene

Test period Termination of administration period Termination of recovery period
Dose (mg/kg) 0 30 160 300 1000 0 1000
Number of males 10 10 10 10 19 5 5
GOT (TU/1) 66.22 £ 1448 67.93£9.11 61.33+643 6008+832 6133827 5274 +4.26 4770 £4.77
GPT (1U/D 17714287 1815+176 17441219 17871232 219 41.88% 1978 £3.03 1696 £ 1.04
ALP {IU/D) 10137 £ 1249 9741+ 1226 98.22+1508 94682076 1146711938 7148 £ 1221 71.78+11.18
y-GTP (IU/D) 0.00 =0.00 0.00 = 0.00 (.00 £ 0.00 0.00 = 0,00 0,00 0,00 0.00 £ 0.00 0.00 0,00
T-protein (g/dh) 555 023 544 £ 0,33 5,52 +0.40 5.25x 0.29 548 =043 534 +0.27 544 £0.34
Albumin {(g/dI) 33490197 3.236£0.296 3.358+0327 3.181x0260 3.395+0.311 3.380 £0.257 3.176 =0.125
Protein fraction (%)
Albumin 6031 =1.94 5045 =231 60.76 +2.36 60,95 1 2.24 51.94 +1.79 57824138 534841159
a,-globulin 16.30 + 1.43 16.47 £ 1.60 16.86 £ 1.43 15.61 + 1,56 13.91 £ 1.85%* 1966 + 109  19.76 £1.39
ay-globutin 463+054 522 +0.79 4.66 £ 0.58 540+ 0.79 5804 1,13* 406 + 0.26 3.86 =0.57
a-globulin 5,24 +0.63 4.95 4 0.62 43010.82 4300 4.2]1 + 043 5.40 = 0.47 512 2 0.57
Bglobulin 1005 +£0.76 10.73 £ 0.83 961 £0.82 10.53 £ 0.97 10.80 £ 0.66 9.78 £ 0.93 9.80 £ 0.61
y-giobulin 3411087 318+ 071 3.31 +0.47 311095 334 £0.59 3.28 £ 0.53 2984054
A/G ratio 1.524 +£ 0,115 1474 £0.148 1557 £0.153 1540+ 0.143 1.633£0.123 1372 £ 0111 1410 £0.093
T-bilirubir (mg/di) 0075+ 0017 0069+0016 0.064:0014 0058+ 0.008  0.049 + 0.007** 0.080 = 0.020 0,076 £0.005
BUN (mg/d!} 14.83 £2.05 14.21 £ 1.24 13.71 + 253 1385+ 282 13.15::248 1642 £1.05 18.32 £0.95*
Creatinine {mg/d!} 0488 +£0.034 04870030 0487+0.016 0492x0.020 04750033 0,532 £ 0.020 0.512 4:0.022
Glucose (mg/di) 13027 £15.68 12577 £ 1084 12521+9.79 12096+ 11.34 136.80+13.35 130.76 = 850 130.50 = 9.64
T-cholesterol (mg/dt) 51.80 £ 9.00 58591247 5434310.88 66.84 + 12.67F 7594 4= 9.50%* 55.82+ 12.86 64.24 £7.93
Triglyceride {mg/df) 2425+ 890 20.99 - 6.18 23.57+£11.94 19434 7.80 21.53 £ 4,00 2546 +596 2612+ 502
Na (mEq/t) 144.01 £1.56 14411 +0.39 144.15+1.36 14331 £132 14304 = 141 14356 +£0.42 143.282+1.19
K (mEq/l) 43380403 434940217 4241 £0.087 424240273 4.328%(.239 3616 £0.092 3.570+0.223
Cl (mEq/) 10667 +168 10704+ 116 10574 £1.23 10580+0.86 105.62+1.48 [06.50 £0.92 10562 + 1.52
Ca {mg/di} 984 +0.33 9.81 =0.19 10.60 £0.29 9904+0.24 9.90 +0.31 1046 £ 0.18 1034 =021
I-phosphate (mg/df) 6402095 6.55 £ Q.75 6.81 =0.80 6,67+ 0.51 6.61 £0.56 5.20 4 0.64 586 £0.29

Fach value shows mean £ S.D.

Significantly different from control {(*:p<0.05, **:p<0.01).
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Table 5  Absolute and relative organ weights of male rats in 28-day repeat dose oral toxicity test of 1, 2, 4-

trimethylbenzene
Test petiod Termination of administration period Termination of recovery period
Dase (mg/kg) 0 30 100 300 1000 0 1000
Number of males 10 10 10 10 16 5 5
Body weight {g) 323.0+255 32494405 3205+162 3208+185 28024 22.2* 3858340 3370k 14.6*
Brain {g) 1816 0,069 101510061 18310056 19120074 1.891+0065 19220025 1.846 X 0050
(g%) 05950036 059710074 05880023 05980043 0.65610,044* 0.504 £ 0,046 0.580 % 0.040*
Thymus {g) 0546 0,084 04860058 04760098 0.516+0.093 04841+0.125 0.550 = 0.107 0.418 = 0.083
. {g%) 0.169+0.023 0153£0.023 0.147+0028 0.162+0026 0.167£0.037 0.142 £0.023 0.126 & 0.027
Heart {g) 112140124 1.186+0122 1.172+0.083 11500089 1.056:0.146 1.226 £0.049 1.196 = 0.087
(2%) 0348+ 0.032 03660025 03650018 0357 £0.027 0.364 £0.027 0.318+£0.024 0358 £0.038
Liver {g) 9440+ 1.025 9567+ 1529 G578+0.777 9.842 £0.681 10.571 £0.803 10.370 +1.251  9.808 = 1.120
(g% 291820144 29837041 2586%0.126 3.066£0.048 3658::0132% | 26860175 2.902% (235
Spleen (g) 0614 £0.078 05920099 05710049 0626+0.110 0.506+0.091* 0650 0.066 (.644 % 0.030
(g% 0.1890+0.020 01840026 01790014 01960037 0.1721+0.021 0170 £0,000 0.190 £ 0.012*
Kidneys (g) 2301 +0181 237410264 24140075 2590+0.137 2.638+0.255* 2646 0,091 2594 =(0.228
(g%) 0.742 % 0,047 073210057 0.753:£0.041 0.809::0.040* 0.915%0.064* [ 069040060 0.772 £0.075
Adrenals (mg) 5196 £9.95 5620+4.11 49814552 5030597  50.81 £833 5444 £ 589 47.5814.96
(mg%) 1609+283 1750234 15654+ 147 1580+251  17.65+3.19 14182168 14.14%171
Testes (g} 30510144 3004 X 0217 30370146 30060195 30360193 3074017 3198 £0.156
(g%) 0948+ 0065 09530138 09480038 09383+0.071 10550085 0.802 £0.08% (.952 £ 0.090%
Epididymides (g) 0.736 = 0.050 0.743+0.043 075720070 07560038 0.745+0.041 1.034 £0.061 0.974 = 0.047
(g%) 02310025 023140028 02370018 02360013 0.250+0,017* (.264 £ 0.030 0.290 £0.020

Each value shows mean £ S.D.

Significantly different from control (*:p<0.05, **:p<0.01),

Table6  Absolute and relative organ weights of female rats in 28-day repeat dose oral toxicity test of 1, 2, 4-

trimethylbenzene
Test period Termination of administration period Termination of recovery period
Dose (mg/kg) 0 30 100 300 1000 0 1000
Mumber of femnales 10 10 10 10 10 5 5
Bady weight (g) 216.2 189 2177134 217.8:+14.0 2115+ 159 2024 122 2392+ 119 2262+88
Brain (g) 1.792 £0.068 18140086 17860.060 1.790+£0.049 1.818 %0051 1.834 £0.029 1.826 +0.039
fg%) 0.83¢ +-0.072 0.8351+0.046 0823 0,052 0.85F £0057 0.901 & 0.058* 0.768 +=0.051 0.806 + 0.041
Thymus {g) (1526 0,007 0539+0.107 05470074 05100086 0.475x0.066 0476 £0.021 0456 = 0.028
(%) 0243 +0.037 0246+0.042 02520039 0.240+0.031 0.23640.038 0.200 £0.010 0.202 £0.015
Heart {g) 08230101 0794 +0.053 0826::0080 0.772+0.063 0.782 = 0,082 0870+ 0.034 08760113
(g%) 0,383 +0.068 03650029 03800024 0366+0.020 0387+0.031 0.364 £0.021 0.388 + 0,052
Liver (g) 64870726 653910452 67630571 7.3670463* 9.0I19+0931** | 690810221 6.608+0.315
(g%) 2997 £0.178 300420110 3.10510.161 3.491 +0.222** 4,448 +(.259** 289210114 2918 +0.042
Spieen {g) 0480 £ 0049 05080073 04700063 0489:£0.067 0.416+0.035 0.522 =0.101 0476 % 0.038
{g%) 0.224 0023 0233+£0032 02170027 0.232+0.027 0.207 :0.015 0.220 0049 0.212+0.013
Kidneys {g) 1.667 0122 1621 +0.114 16690168 1.606=0.000 1.722+0.188 1.712 £ 0080 1.682 +=0.120
{g%) 0774 £0.055 07450052 07670050 0763=0.043 0849 +0,055% | 0716 :=0.048 0.742 £ 0.030
Adrenals {mg) 6441 £4.74 59.57 +3.46 63.28 +5.85 58.56 £ 7.72 66.97 £ 8.01 6842 £0.86 69.40+3.87
(mg%) 29.91 247 2743+ 1.84 20,15+£3.25 2791 +472 33.10+3.31 28504:3.00 3062 +£3.10
Ovaries (mg) 85.84 10,71 8646 £ 9.81 87.671+ 1141 836511393 78.76+13.51 90,98 = 11.48 87.881+10.85
(mg%:} 3684 £4.74 39.69 £ 3.45 40.32 £ 5.06 30.61 £ 6.46 38.89 £ 6.07 3814560 38841433
Each value shows mean + S.D. ]
Significantly different from control (*:p<0.05, **:p<0.01).
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Table 7 Histopathological examination of male rats in 28-day repeat dose oral toxicity test of 1, 2, 4-
trimethylbenzene
Test period Termination of administration period Termination of recovery period
Dose (mg/kg) 1] 30 100 300 1000 1] 1000
Number of males 10 10 10 10 10 5 5
Finding Grade |- £ + 2434+ - £ + 2+83+H- = + 24+3+]|- £ + 2+ 3H[- = + 2+ 3+H[- £ + 243+ - =+ 243+
Liver
Vacuolar degenerationof 1 0 4 4 1§0 3 6 I 0f1 § 1 0j4 5 1 0099 1 0 0 ¢4 1 0 0 0|2 3 0 0 C
periportal hepatocytes "
Cell infiltration 0Wo00O0O0C|100 0900|991 00O0[W0OD0QC0OIWOC0CGO0Q|I500 0{5 0 0 0
Degeneration and necrosis{10 0 0 ¢{100 0 0 0|9 10 o000 0 0 Q)60 0 0 05 0O ¢l5 0 0 00
of hepatocytes
Focal necrosis 0000010000 0]100.0 060 9 0000 O 0 O[5S GO0 041000
Kidney
Hyaline droplet degeneration {8 2 0 03 7000370 253000 2710MM320090|/50020°0
Basophilic change of ¢ 00 0100 0 Q[ o0 ¢ 0000000 00 05000 0]4 000
urinary fubules :

Grade of histopathological finding; - No abnormality detected, £ Slight, -+:Mild, 2+ :Moderate, 3+ Marked.
No remarkable changes were recognized in heart, spleen and adrenal of control group and 1000 mg/kg group.

Significantly different from control (*:p<0.05, **:p<0.01).

Table8 Histopathological examination of female rats in 28-day repeat dose oral toxicity test of 1,2,4-

trimethylbenzene
Test peﬁod Terminaticn of administration period Terrination of recovery peried
Dose (mg/kg) 0 30 100 300 1000 0 1000
Number of males 10 10 10 10 10 5 5
Finding Grade |- * + 2+ 3F]- £ + 2+3+H - = + 2+3+- £ + 243+ - £ + 243+ - £ + Z+3+H - £ + 243+
Liver
Vacuolar degenerationof {0 6 3 1 0{1 4 5 0 01 8 1 ¢ 0|0 100 0 0|3 7 0 001 4002032000
periportal hepatocytes . .
Celi infiltration 000 0O0(I0CCOGCMOOOTOO[D1 OCO[WOODO0OOCOG|S 000050000
Kidney
Basophilic change of 00000 / / / 1000|5000 0(50000¢0
urinary tubules

Grade of histopathological finding; - No abnormality detected, £ Slight, +:Mild, 2+:Moderate, 3+ Marked.
" No remarkable changes were recognized in heart, spieen and adrenal of control group and 1000 mg/kg group.

/:Not examined,
Significantly different from control "(*:p<0.05).

H NI, EHERLAYEET—EFROERTIX
Bwda, S LAEBRENETHALNTH- 7. 1000
mg/kg OB T, NBH#ELETWThoREES
EBFREIRON LD o1,

10. RIBFRMFARE (Table 7, 8)

WEHER TR, FRIZBWTPREEO R
OZEREEDHETEHERETOH, 30 mg/kgRETL0H,
100 mg/kg BT OB, 300 mg/kgfFT66, 1000 mg/kg
BTz bh, HS5E4H 2 5 18V HIRFA LR
AL, FOBELT,o. ok, FEEEL b
T100 mg/kgl LB THEZVWED LN, £/, HE
MAEELREI NS, SOELIE, MTEMERETIL0

mg/kg FETEEREENRDL LR, B, Fofis, BT
BIo@O IR, WML BERI(BETHN,
Lo SEICERTELAE{E T Rd o 2. BEICBWT,
RS DR TSI IEERE 26, 30 meg/ke B

7L, 100 me/kgBECTH, 300 mg/kgBETRH, 1000

mg/kg BT 10 Bliza bz, E7:, 300 me/kgl Lo
HCTREEEFRO LN, HEHEEEb#ERsnL K
WS OTEEEEL, T 1000 mg/kgBETIHIZ
Huis, FOfIE, HEEDL L U000 mg/kgBED
Vi R, BEE S TR IEREA SN d o
7o,

EEEARE TR, FEICBYW THIREEO
DR HTHECIE T BREE C 1, 1000 mg/kg#ETIF

R

iZaH b, Zodbis, BETIEHRET4F, 1000
mg/kgBET2BNCA LR, &b, Fofbiz, BREE

#, 30 mg/kgBToHl, 100 mg/kgRETOF, 300
mg/kg HET10H, 1000 mg/kgBETTHICA LR, 1000

.
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H1000 mg/kg HOHETIFIZALRLDETH o 7.
BRICBVT, RATOWHFRERSBROMET2H
AL, RAE OFEREEEIE, 1000 mg/kg B
DEET LRI G,

B

1,24- M) AF N FriilES v FI230, 100,
300 X 71000 mg/kg iS5 = CTLA 1M, 28 AMKE
BORSL, FoSicowvwTieiL:. —posimic
2T, WHEOmEME L&A

B, WIROBICORERL b ok, —KET
i, MEHEE 300 mg/kg L O 5 TR S ERICH D
Ao, ZOMER, SREORGERS T HEEZIC
BOENTWEIEDS, 1,24-FVAFLRYELD
B LY EL TSP ELLND,

RE, B E S 1000 ma/lkg O3%5- T HEBRITE] AT A
b, COBEOENRFOSRELTRHOORA, U
L, 1000 mg/kg DS CHEHERICEETIALNE
oz, HEAKERE, BETIE300 mg/kgd EOET, i
TIE1000 me/kg @IS CHmd A& L, ZOELEZE
AR b R L TR b,

PREEZETLL, MM L © 1000 mg/ke Dix 5 THEAKRED
BN REOBESALNLY, Thonf{kizE
EHBAE TR ICEEE L.

M RA T, 5 SR THRIZ1000 mg/kgBED
HTAES/TEyBOEE, HTOLNMIORE BE
BRI TR I213 1000 mg/kg BE ol THEE(LEA F o >
BT 7 2F Y BEBOEGEFA LR, UL, Theo
i, WFR i BHeb0THh ), LEATEH M
MOELTHBEEEZ NS, LidoT, 1,24- FY
AF NN D1000 mg/kg £ LTH, M
BEOSERICEEEIRIZE 2w EHFL /S,

M AEfLEREIIB VT, ETIRIFSHBERTEC
300 mg/kg L EDFETT A7 3 8, A/GEBLUKD
Sl o707 EOKHE, 1000 mg/keBETHREY
PEYBLUFNaDEELRBENAL L, BETIE, #
SHMETHIC00 me/g Bl LnFCRavAFO—n
DEE, 1000 mg/kgBETCPTHE L Fay 707 ED
B, a- FR TV VE, o ST PEBLUBEY
Ve OEERASNL. LEL, Zho®ZEkidvy
NLEMTHY, BHOIZIZEERS v FOEFET—
DEHEACKETH S Z L0 G, HHENEREILVE
iy L7z,

HIR i, ML b 1000 meg/kg 215 LTS 1,24 b
YAFNRYEIIE BEBEALNE Do

BEEEIIODVWT, BETE300 mg/kg L LORBETCH
WOMGEREOSME, 1000 mg/kg B THEOHMESR
DEELEMEROREER, BHOEN EENEES
HHs, BT, 300 mg/kg B EOBECHFR O MR -
RMEROEE, 1000 me/ke B THEROAYERDE
fEL R EROSHERAGI AL N, &8, BULFED
BTHH1l4-PoFrErofERsiisnwed,

RS I CEREEOBMARE SN TCNEY. L
2T, 124- P Y R FAANRIFAFSICL ) IFES L O
TREZICHENFELLAELEZONL. 2B, HETHE
LA IS REOESHHE RERRE TRICEE
&L

WEMARFHBRETIE, RSUMETRICETEREIC
RHEOWTHREEF AR 208k, 52O
HTLELITEESNARTH B, KFHBTILIEE
P ek MIRFIEH7300 meg/kg L Lo FETHMML,
BELHEBEINLTWL I bbb, BLEHMBTIMe,
DEBTFRITLIOLELILNS, LrL, COBEiE
NHEOLOTH 7.

BRI T, 35 EAmMET BRI A T MR B B o AT Al
DEREENA SN, $FICHIERES L 030 mg/keg BT
S BgEShL, OB, o-ri 1 vERERS
LEBEIt L ALRTVBHETHY, 100 me/kglh
LEOBEOE L1000 meg/ke O TEMTH - HHEEE
FHETHEH, BUEMICIBECEVWELEELLR
5. b, BEHABENRELIBCT, HREEOHEM
EMELAREBOR e oDk, B 6 UNCEE L
FWETOFRDI L, EEEMTEY B TEIERLR L
ok FELIONS.

BEDZ EdG, 1,24- MY AF AR EVITFRS
FUBRICEEE RIS I LATRIE SR, BB, HT
{3300 me/kg B L O S CHEE, FkEOED, BREE
EOEMBLUERICRMATEOWMTFHEME, 1000
mg/kg DI G CHREEMOWS, REOWEME & 5
WE S g, METE300 mg/kg DS CHES L
UHFEEZ o8, 1000 me/kg D5 CAEEMSI
&, kRO, REOMKES X FHREZOMNS
ALl Edh, HRBEMFTIIBIFL124- ) A
FANRCEOBAMBEERDOESIC L 5 HEERNE
HERIIBERY 3100 mg/kg/day X L LN A,
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1,24- P ) AF AR B OHEE WV AEREREREFER

Reverse Mutation Test of 1,2,4-Trimethylbenzene on Bacteria

BRI EESEATFEN-RE LT, 1,24- b
YAFARVE/IZOWT, BBV LERRRETR
REL 7L - PEICLDERL, BEOEEZRL

WMEHE LT, Salmonella typhimurium TA100,
TA1535, TA98, TA1537 B L UF Escherichia coli WP2
uvrAO SEREE BV, SO mixiERINE L UNERO &4
T7L—bECLY, BERENEL50~5000 ug/ 7
L—bDABTIT-oE 25, SO mixfERMNERS &
U°SO mix EMEE I BWT, TRTOREE TV
EEES LN, F/4, TALS35OS9 mix R
& TAIB37 59 mixiInEEacid, ARE CTHHEMED
LWREFAHBILEL o100, FRBOoHE=r
TH7, Lido T, RESTIHS9 mixiiisegs
TAI00, TA1535, TA98 35 & TS TAIS37137.81 ~ 250 pg/ 7
L—F, WP2 uvrAiL156~500 ug/ 71— b DERT,
59 mix NGRS TAIS37L7.81 ~ 250 ug/ 7L — b,
TAL00, TA1535% & FWP2 uvrAid 15.6 ~ 500 pg/ 71
— I, TA98IZ31.3~ 1000 o/ 7L — FDEHETHES
FELTEmRL .

FO/ER, S9 mix#EHEMFE T, TAL00, TAL535,
TA98 B L UFTAIB37T T 125 pg/ 7L — FRLE, WP2
uvrA T, 250 pg/ 7 — FBLLE, SO mixiRIIRER T,
TALIST T4 125 ug/ Vv — P B E, TAIDOB L UF
TALB35 T2 250 ug/ 7L — AL, TAOSE L OFWP2
uvrATIE, 500 pg/ 7L — PR EORETIESENED
v, BIREEoo=-—Fud, 2EOKRHEE S, B
WEREEHIEOWT, WThoHSi 8w THEmis
HohlholZtib, 1,24 M) AFARIEIL,
BB RACBWTERESEEE Lo v (EHY) &3
BEE.

Fik

& & &) - .

Salmonelia typhimurium TA100

Salmonella typhimurium TAL535

Escherichia coli WP2 uvrA

Salmonelia typhimurium TA98

Salmonella typhimurium TA1537

S. typhimurium @ AE# L 1975E 1031 HK T A1)

AERE, BV TN ZTREOB N AmesE L A5
TR YA

E. coli WP2 uvrA B2 1 1979485 B 9 B i A3 B {EEH
EHOEBELEL, 55 E %I

REFT-S0OCUTCHEEFL-bOEHY, #E
WELT, =a— kY2 h702ANo. 2(0xoid) % A
N LERAREICRE L CER > —EBEEL, 37T
TIOBMAERE DEELLbOTREER L L.

(FERE) ‘

1,24- b 1 A F LA ¥ 2 (CAS No. 95-63-6) 4, 4F
120200 EEBEHEETH S, RBIC K, HESHT
=8 (ovy FEE H5-CH-11, #EEF98.75% (Rl
TH)] %, AR ETERS SRS IR, EEE
FTERESRRELT, HHELA

124- FYAFNNRIEE, VAFWANMEFDF
(DMSO) EREF LW 25, DMSO50, 10%
2225 mg/miis A B &) IR L2, FSHTALL
3w L2THRL, SRS HW .

HEEOBEIIEIL-T, 124 I AF ARy ErD
DMSOBHPTOEEURBRB LUTSEUERBLE
L7 BEESBRICBWTIE, KIBE(78.1 ug/mi) iF
Wik, ARBICHAM LD T, BiEE (600
mg/ml) B, REEEFRBTHRELA-bOON
T, ERERAHETT REGLTHANL 202, A
AR R B A BIBREDTEHERIZ, FRERLTH
fE(OBME) DM LT, 14 BLPW2%TH o
7=, ¥i-,

) 1299.8% TH - 7.

(BEfExdER4n &)
mwt%ﬁﬁﬁ%ﬁbxo%wmﬁuu?wtbbf
h5.
AF2 o 2-(2-7 Y NY3-(5-=ba-2-F7URYT 4
YT 3R (L BP3L5E0R)
SA I TVFPUTA (FOyeAhsE TH0R)
9AN T 9T 37 YUYy (Sigma Chem. Co.)
20A 1 2-T 2T Y My (HORkETEM)
AF2, 2AA X DMSO{FIFME T 260) s LAd @
T-20CTHBEFL, ARFREELL. 9AADMSO
L, SAEMACERL, EPhlH BRI W,

(I & £ U'SO mix DFERE]
1Y by TTFH-—
TROKEEA) BLFEB) 2 FER10 1 0EETHR
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R EE (78.1 pg/mi) ¥EHKIL91.6 %, EigfE (10.0 mg/mi.




HFLi
{(A) 737 + 7 H —(Difco) 0.6%
b0 [ R N 0.5%
B*L-vAFT 0.0 mM
D-¥4# > 0.5 mM

*WP2 uvrA FICIE, 05 mML- MY 7 b7 7 ki
xR,

2) LERH
RBEHlL, Bt B®BRERE v, 4B,
i1 0 0ARETRAOLBETHS.

T /R VL - TR 02g
7 X 8 - 1A 2g
) ERREZHT) L 10g
JrfE—7 e A 192¢g
AERbF R A 0.66 ¢
o R 20g
737 b 7 & —(Difco) 15g

FOMMO Y Y- 1IHH-030mirim L TEHDT
Ha,

3) 59 mix
ImlHr FEDHES % &
Sg** ’ 0.1 mi
R Al e 8 umol
Bid) o4 33 pmol
T —R-6-1) EER 5 pmol
NADH 4 panol
NADPH 4 pmol

R L) SRR (pH 74) 100 pmol
# 7B Sprague-Dawley REEZ v & 72/ N0
VY — (PRI B LUS, 6~ /73 F (BRI
ARG CREHE L THRRLASIT AV,

(HEmAE)

Fl— MEIZE YD, SO mixESMRAS S X U8 59 mix
MR E T o AL

ANRERE I by T A —2 mi, HRERY B0,
mi, ') ¥ EHEE0.5 mi(S9 mix FRAFERIZ BV TIES9
mix 0.5 ml), MEHEO]L ml % iRE L0 b EMEhT
WECHELCED A, F7, HBEEE L CHRYEER
Wo{th N IZDMSO, Fi-id#EBoBr Ry gk
FRAVE., SRTEEIEOBENEBEOZEB L FH
Bt & Table PIilm L4z, B#EIX37CTARMEATY,
ELAERzuon—HEEELL., REAEOFEIIOW
Tk, BIRYHEWETEEERET T, EREFOOHIE
AREE D & HIWF L 72,

AW ERIAEFERRIIBWTE, BEBLIURE
ERHBECIIINT o, AR VWTHIRT2EL
2. oF 8, ARBICBWTHNNBELSIUEREERCD
x, st o2y, FhFhoRIEE L BEREL R
i, BEHERRLIL, AEBREIE-HBEl>nT
2EERKL, HFEOBRUEOEELITo .

[FEEH)
HUWibHBOBEREO Y B, 1EULLOREHDSY
mix FEiFNS 5 1S9 mixiRMBHEIC BT, Y

CEEETATRLUBYAERI D= - HOYIHED,

BESROZAICET2E bicEmL, o, 20
BN HHEDS 5 WA ESREESHO S BE T,
LM BMBRARBRRACBVWIERRSES AT 2 (8
H)EHETHEILE L

BRBIUER

(BERTEHR)

50~ 5000 g/ 7L — b OE@ETAEEFHIE LT, B
BEEmRLALECS, SO mix#ERINGE T, TALOD,
TA9S 5 & UFTA1537 X 150 pg/ 7L — FELL, TA1535
L UWP2 uvrdi3500 pg/ 7L — FRLEDBETHE
HHFEO LR, £/, SO mixiEINEE TILTALOD;
TA1535, WP2 uvrA B X UFTA153743 500 pg/ 7L — R L
F, TA98(x1500 ug/ 7L — MU LD AECTHE ST
O,

(AaEtEs)

WRErFhLFhTable 1, 212/ L0L7A L24- b U AF
ARy E DL, TALS35D SO mix EFRnEER k-
TA1537 7SO mix FITREETIX, ARB I IZBVWTIHE
WO WREVIARBEIEL b oizizd, FRECR
TARERAEX L bIC20 ug/ L — PITIFRZ E L
L7z, LizdioT, XKRBTOHEIE, 59 mixEFEmM
BEECIEATALN0, TAIS3S, TA9RE L UFTAIG37ILT.81 ~
260 pg/ 7 l— b, WP2 uvrAid 156 ~500 pug/ 7L — b
DHHFT, SO mixiRMHEETIATALIS3T7IL7.81 ~250
pg/ T — b, TALOO, TAIS3S B L UFWP2 uvrAtd 15.6
~500 pg/ 7L — b, TA98IE31.3~1000 pg/ 7L —+
DEATRE 2 LTHREERLL., FOEE, 2
HOREED VT, HAVASEEOHREROSS mix &
RIS L RMAR BT, BT EEn 2FL
LERAERTOS—HOBMEIBD b hd 1.

B EOHEFIIETE, 1,24- MY AFLNSE L,
HO-HBRIIBWTERERESF L v b o (BHE)
LHELL.
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Table L. Mutagenicity of 1,2.4-trimethylbenzene™ in reverse mutation test (T} on bacteria
With (+)or | Test substance Number of revertants (number of colonies/plate, Mean + 5.D.)
without (-) dose Base-pair substitution type Frameshift type
SO mix (pez/plate) TALCD TA1535 WP2 uvrA TA9S TALS37
0 136 138 1652 5 14 14 19 32 26 18 34 24 5 5 9
(142 87| { Uz 52 { 26+ 6.5) { 25 8.1) { 6t 23)
7.81 133 121 127 6 12 12 ND 15 26 29 7 1 4
(127 6.0) { 10 3.5) { 233 7.4)] { 7+ 35
15.6 132 126 123 12 7 8 12 30 158 23 27 18 13 6 3
{127+ 4.6) { 9 264) { 19% 9.6) [ 23 4.0) { 7+ 51)
313 131 142 134 20 15 9 21 16 16 25 25 31 6 3 6
{136+ 5.7) { 15 5.5) (18 2.9 { 27+ 35) ( 5% 17
SOmix 62.5 121 97 115 9 14 8 19 18 22 25 23 24 16 5 9
(111:£12.5) { 10+ 3.2) { 20% 2.1) { 24+ 1.OY { 10x 58)
(=) 125 102%  91* 106* T*OO8% 18¥| 23 17 24 22 20¢ 17 5* g+ 12*
R {100+ 7.8} ( 11+ 5.9) { 21+ 38) { 20 25) ( 8+ 38
250 86* 86* 79%| I2* 6% 14%| 14* 20* 24*% 30 20 11* 6* 6% b5*
{ 34+ 4.0} ( 11x 4.2) { 192 50) { 20t 9.5) { 6x 0.6
500 24* 20 15*
( 20+ 45)
0 117 130 139 14 4 16 2% 21 2% 36 20 41 19 18 32
{120£11.1} ( 15 1.2) { 24% 2.6) { 35& 6.0) { 23+ 7.8)
781 ND ND ND ND 14 21 17
{ 17+ 35)
156 136 155 147 19 23 22 15 26 33 ND 22 18 M
{146+ 9.5) (21 2.1) ( 25 9.1} { 18+ 4.0)
313 136 154 145 15 12 9 25 23 26 45 43 40 17 15 13
{145+ 9.0; ( 12+ 3.0 ( 25+ 1.5) ( 43 2.5) { 15+ 2.0)
© 89mix 62.5 130 146 168 12 18 2 23 24 23 3% 23 43 15 20 18
{148+19.1) ( 17+ 4.2) { 23 06) { 3510.6) { 18 25)
{+) 125 141 112 109 10 13 9 2 29 25 33 25 37 4% 10*  17*
{121+17.7) {11+ 2. { 26+ 23) ( 32+ 5.8) ( 14+ 3.5)
250 91* 116* 121%¢ 13* 11* 11*| 24 26 19 42 24 3 12+ 11*  o*
(109+16.1) ( 12+ 1.2) { 23+ 3.6) ( 32+ 9.1} { 11 15)
. 500 105¢  9p% 104%] g% v g¥| 25%  I5*  12%| 25* 33F 20%
(100 7.8) { 3+ 1.2) { 17+ 6.8) { 26+ 6.6}
1000 20 19 15%
( 18+ 26)
Positive Chemical AF2 SA AF2 AFR2 9AA
control  |Dose(ug/plate) 0.01 05 0.01 0.1 80
59 mix{-) Mumber of T O67% 696 | 142 17y 162 § 135 112 123 | 796 803 831 | 742 764 624
colonies/plate (715::48.8) (1581:14.8) (1234:11.5) (797437.9) (720£75.3)
Positive | Chemical 288 28A 288 284 2AA
control  |Dose{pg/plate) 1 2 iy 0.5 2
S9mix{+) | Numberof [1417 1332 1306 | 333 332 325 |1435 1465 1409 | 389 369 355 | 222 I98 195
colonies/plate {1352+58.1) (330 4.4) (1436+-28.0) (371£17.1) (20514.8)

AF2:2-(2-FuryD) -3- (5-nitro-2-furyl) acrylamide, SA: Scdium azide, 9AA9-Aminoacridine, 2AA : 2-Aminoanthracene
*: Inhibition was observed against growth of the hacteria. )

** Purity was 98.75% and impurity was unknown.

ND:Not done
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Table 2. Mutagenicity of 1,2,4-trimethylbenzene™* in reverse mutation test{II) on bacteria
With (+) or | Test substance Number of revertants (number of colonies plate, Mean = 8.D.)
without {-} dose Base-pair substitution type Frameshift type
59 mix (ug/plate) TALO0 TA1535 WP2 uvrA TA98 TAL537
0 115 106 120 6 15 12 2 26 36 32 23 21 7 3 [
{114+ 7.1) ( 14+ 21) ( 294 86.1) ( 25+ 5.9} ( 74 1.9)
7.81 106 128 105 13 g8 1 ND 2 2 21 5 6 7
{113£13.3) ( 11 2.5) { 23+ 2.1) { 6 10
156 93 113 117 13 1 11 25 17 17 19 23 29 9 3 13
{(108+12.9) ( 13= 15 { 20£ 46) { 24+ 50) { 8+ 50
313 101 107 97 16 22 15 26 27 27 22 23 26 3 9 7
(102+ 5.0) { 18 338) { 27+ 0.6) ( 24+ 2.1) { 6+.31)
S9mix 62.5 125 106 109 iz 10 12 20 14 20 26 26 22 7 7 6
(113+10.2) { 11+ 12) { 18+ 35) ( 25¢ 2.3) { 7+ 06}
(-) 125 05* 108% g4* 5% 13* 12%| 17 22 25 16* 16 16* o 4%  a*
( 9612.0) ( 10+ 4.4) { 21+ 4.0) ( 16+ 0.0) ( 5t 1.0}
250 55* B2* g@2* 6* 6% 8 17 16* 19%| 1™ 7™ W 0* 6% 3*
( 66+14.0) ( 7+ 12} { 174+ 1.5) ( 13+ 5.1) { 3+ 3.0}
500 13* 14* 14*
{ 14% 06)
0 129 117 119 16 11 10 3% 26 27 3 31 35 15 7 15
(122+ 64) { 12+ 3.2) {31+ 7.2) ( 34% 3.1) ( 12+ 4.6)
7.81 ND ND ND ND 18 20 18
( 19+ 1.2)
15.6 111 88 i1l 10 7 1 31 30 29 ND 8 19 19
(104+12.7) ( ot 2.1) { 30+ 1.0) { 19+ 0.6)
313 109 118 105 6 9 11 32 25 5 23 34 31 16 15 18
{111+ 6.7} ( 9t 2.5) { 37+15.1) (291 5.7) { 16+ 1.5)
S9mix 62.5 102 106 120 13 10 16 23 30 3¢ 27 25 29 21 14 18
{109+ 9.5) ( 13 3.0 { 28+ 4.0) ( 27+ 2.00 ( 18+ 3.5}
(-+) 125 117 95 107 8§ M4 10 22 30 21 3B 31 25 9 20 24
{107+ 10.5) ( 11% 3.1 { 24t 4.9) { 30+ 5.0 { 18+ 7.8)
250 88* 103* 81*[ 10 10 16 23 26 18 32 33 25 13* 21* 21*
{ 91+11.2) { 124+ 3.5) { 22+ 4.0) ( 30x 44) ( 18+ 4.6}
500 05* 108* 8b*| 12* 15* 1% 22 19* 22* 21* 18* 32*
{97£ 9.7 ( 14+ 21) {21+ 17 ( 24+ 74)
1000 20 20F  14*
( 18+ 3.5)
Positive Chemical AF2 SA AF2 AF2 9AA
control  |Dose{pg/plate) 0.01 0.5 0.01 0.1 80
SO mix(-} | Number of 754 769 582 | 158 173 156 | 188 185 105 { 825 866 908 |1052 1228 1133
colonies/plate (702+103.9) (162+ 9.3) (159+47.1} {866+41.5) (1138%88.1)
Positive Chemical 2840 2AA 2AA 2AA 2AA
control  [Dose(ug/plate) 1 2 10 05 2
SOmix(+) | Numberof |1100 1146 1128 | 315 282 311 |1364 1438 1356 | 298 300 295 | 299 266 221
. colonies/plate " (1125%23.2) (306-£12.3) (1386+45.2) (208t 2.5) (262+39.2)

AF2:2-(2-Furyl)-3- (5-nitro-2-furyl) acrylamide, SA: Sedium azide, 9AA9-Aminoacridine, 2AA 1 2-Aminoanthracene
*:Inhibition was observed against growth of the bacteria.
**: Purity was 98.75% and impurity was unknown,

ND:Not done




Mk

1} D. M. Maron, B. N. Ames, Mutat. Res., 113, 173

2)

{1983).

M, H. L. Green, “Handbook of Mutagenicity Test
Procedures,” eds. by B. ]. Kilbey, M. Legator, W.
Nichols, C. Ramel, Elsevier, Amsterdam, New York,
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In Vitro Chromosomal Aberration Test of |
1,2,4-Trimethylbenzene on Cultured Chinese Hamster Cells

L)

Bt S e e n R R I EERESEEO—RE
LT, 1,24- M) AF LAY ¥ ORI EITTE
MRS E L T 2100, FyA=—X - NAR
¥ — 3% (CHL/IU) # Bvw TRRBRENEAERER
B E LA

LI (48BERT ) 1BV TH, 50%2BL TR
LEEERIEE, T4bb0.08 mg/mlDEELEREL
BB E Lo, $7:, HEENED (GRS mix T
FTELUIEFEETICEVTIR2RENE0%2H & 208
ZALWHIMTEE, v4H5501 mg/mis £ U703
mg/mi D% RENIEREL L. ERREB LU
SERFEREDSY mix FET TR, HEAMEED1/28
FTAeThERgRE, RBEELLTRELL. &8
REFEAIE 0 S mix JEFEE T T, BEIPHIREBRTH 7
T DRIV ERPEREP oA EDE, FELHEEE
LEDLY2, U/M4ABLT/SO4RERZHELL. BS
RO /2 E T T EyHREE R bR
S ENG, RAESHTHE, BELBEEDL1/2(0.15
mg/ml), /48 LU01/3030MERE > HEGE L L.
R T, SO mixIEFTE TSI 24BEMB LU
ABRME AR, ERMLE TS mixFET S L
UFIETEE T CORRRILIE (18RRI E{ERERT ) 12, EX %
fEBIL, MET AL L D EBREFTHRELRITL
AR
CHL/TU NS % 24 BEEHALTE L 22 WP R RIREE
BOTH, REFOHFARECEREABOFRER
Boshhbh o, —7F, 4SHEERREL - GiEE
#(0.08 mg/ml) Tix, MEHEHO Lo +5 LM%
FWCE Lo loht, TOMOMERTIE, REEolE
HEEE S ERERREFEE N e d o/, EREMET
&, FEFEET COoRFRTME L L ERER{0.15 mg/ml) 2
BT, HiREEROLDOToRHEREESNTE 2o
1o, FOMOMBETE, EeE0EBERECHRE
flaoHEEERUESO oL ok, T4, SOmixE
ETTE, WIFROMBEIZBWTY, fafoiER
R OFRIEHEEO R ko 7.
DlogRin, 124- ) A FLR2¥ L, LR
OFBERT CRERRELFR LV EHER L.

FHik
1. {SAL {8
Ja—F Yy —237 7 (JCRB) 2 H AF {19884 2
B, AFE: 84, BELRA) LAFr A =—X -

NARAY —~WEOCHL/IUML %, BEmEt 1040
MTHRERI B,

2. BEERORAR ‘
R, SRRE(FCS @ Biocell) # 10% %ML
FoAd — 7V MEM( B /K BESEMH) BEEw £ H v,

3. BEEH

2X10ME O CHL/TUM =, BERS miz ANRLT
4 v 2 ({86 em, Corning) ¢23&&, 37CHCO, 1 » &
2= & — (5% CO,) NTHE L7z, EEMETHE, @
RfEiE3 B H ICHEBME L INA, 24ARFMES X O 48BERL
LA, E7, EREELETE, HREBEIHEIZSY
MIxFETB L VEFET ToRBMLEL, LBRTE

FEE RN & 517 ISR L.

4. FHEEHE
" 1L,24- MY AF LNy E 2 (BES C TMB, CAS No. :

95636, Ty MED  HS-CH-11, B TIEmms,

0D HALFTER SR o, EREWERET, Kt
LC#E, mm-43.9C, #R1694T, EAE0S KPa
(20C), #FHCH,;, HF=12020, #EE8.75% (T
ML) OB TH S, '
BB EREORERCE T ARG S Lo
HY, BB (DMSQO) T, 781 ugfmi~60.0 mg/mi
RERHETIHMETE CTH - 1.

5. HHEEOFAM
WEHEORML, A0S YT, B
DMSO{RMFEMEE T H0R) + By Ao, BiEz BHiliEE
LTEELAEL, 2w TEIELEECIERGNL TR
EORE OB R A (BB U . WA R ARSI
B, $RToORBRICBSOTEEED0% v/ XA L
ANZIA 7. R AERERBRICA V- SR EHEEEO
mER, FEHEAANFEP TCOESEESRNED
900~ 110%) DETH -7, LBREORRKICOVT
MERELfThE o :



Q. THGAE RS A AR b O B ML R I VPR TE

P ARERBICAV A RBR EOMMBRE T IET
Bz, HEMEOMBEMIIRIITEEEAL. B
ERt O CHL/TUMIBZ (x5 2 IREHEI(EA L, BEHT
TR BEIEST (Monocellater™, 1) 2 oVAFAET H00)
PHCWCEEONBEERENI L, MR ELEROEE
BRI 2 MENEo kT L - THEEE L.

FOFER, BEMEIZBIT S 50% O RIEHIHERE & 8
SR A ARRE (60% DI REIIEIRE) %, 60%1H
BEHEIHIREE T RSO 2BEIVEHRL-EZ A, 0.08
mg/rl Tdhof. —F, EREEAEOS mixFETE
;U##ET%wi-%ﬂ%ﬂOlmymuaxvos
mg/mlTH -7 {Fig. 1).

L} w~B== ftrogted for 48 h without S mix
100 —i-— treated for 8 h with 59 mix
J s treated for 6 b without §9 mix

Cell growth {% of control}
2
—_—

4?

¥ d Y g
0.00 0.20 0.40 0.80 0.80 1.00 1.20

Concentration {mag/ml)

Fig. 1 Growth inhibition of CHL/IU cells treated with
1,2, 4-trimethylbenzene

7. EERBEODEE

MBS RO R L Y, REARERBRTHY
LB EOERERT, EiHRME TIZ0.08 mg/mi,
HEFMMIES) mixFET B I UETET T, 2he
N0.1 mg/mi B & U703 mg/mi & L7z, EHEMEE LU
WML O S mix FAET T, RSUEEBEN1/28
LA F TN TRPgE, RBREE LCRELL. B
BREAEOSO mixdfEET TR, i%h#ﬂ%ﬂﬁt%ﬁf DT
—FONGYRPERER LIS, RELEBREE
FOLU2, VABXUTVYSO4NBE % %Lt.%%ﬂ

HIREOD L/ 2IRET, vTIlMllggdssziosons

Zedh, BREBESTTIE, BEABBEO1/2(015
mg/mi), l\/4:i‘s LU /8 @3B SR L L7
BENBYE L LTRAVAY T w4 ¥ CMC, B
BREIEM) BL Y Ok 77 3 F(CPA, Sigma
Chemical Co.) ¥, 7EETAK(HAEFEREETSE) CHERL
THRELL, FNPFhEBERETHERET I I LML
NTVHRE @M L.

8. HEiRERERE

BERTOSHNIC, It i FERRBEERY
Olug/mlice B & 3 ITEERICIRA 72, BEEERD
R BHELK > TT o7, A5 1 FERIET v
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2D GARFESLL 7. {RE L AR R 3% ¥ A WG
Tt L7,

9. Hafhath

BB LAATA FERDHI L, 12074 v ahh
Behi-ResA54FF, 450FEBESFLELMN
MRS EVEI AT — F{ELAEWRETHRL
oo BEdEoSdT, AREREARESES, WMILEWE
B (MMS) A& o L 3 EBIRES T, i
HEIH 5 VTR ER XY v, Ui, TELED
Ay g EEEER (polyploid) DFEIZ DV
THELL, I-r#BEEFc>uwTIZ 120048, £
R0 T 1R800 a3 S - HHR = a3t L 7.

10. EREPE
EEMERN R, BB L OB IEEE & wERD AL
oW T OSTERE, BEL-ERYE, BERT0R
B, EEEHEoMIc oV TESL, ERBoOETE
FRRMICEAL .
BREAEELETTIHBORBEEI VT, Yo
FEEXBHFLLT, BEOERT—F LB E0EE
MT74 vy~ OHEBERREY(SEELERLT
familywise D EEREL 5% & L) ok, FEER
EEREHLE. $h, T4y v - OERHRETHE
## P LR gEItlR, AERFERICELT2Y S
LT — 37y YOEAMRE (p<0.05) BT o 7. &
EIJt LTEHE2ROBRETED CEEENTD LN
ErEEE L ERdRETEFEENTD O LE WY
EIEEERE L L. BEMRED, HEREIIonT
i 100ARH, RIS W T 40048 i 0 354
B ER O o e EEE L.

BREIUES

B L D REESITOBRE Table 112 L 7.
124- b0 AF NN vV 2N T 240G EEEAE L7
VDTN OB BT, REEAOEERE LM

MROBRERGRO GG, o, —7F, BRHEE

EALEE L 7B R (0.08 meg/mi) TiX, MfiEiEan
B4 A BT ST E L h o, FORDMEE
T, PEFOEEETPHEREAROERERIZED
Lhih ot

SERE ML X B B EESTORES Table 2127 L
2 L2A- P AFAARYE S ENAL TS mixIEFEET
T OB L 2 SRR (0,15 mg/mi) (0B TiZ, #
REVD O+ 2MEEESWHTE o idé, 20
b MBETIE, RBEOHERTPEEEMBOSEE
AR D N h o/, F7, S mixTFE FTH,
WFNOMIBEIZEWT S, RAaf0fsRe Ly
Wl DBRIEREAED N Do,

FEoT, 124- MY AFLRyEXE, LRORES
HTC, RERENOCHL/IUML I BB E2EHL
RnE L.
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Tablel  Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with 1,2 4-trimethylbenzene
{TMB}* without 59 mix"
Concen- Timeof  No.of No. of structural aberrations No. of cells

Group  tration  exposure cells Others? with aberrations  Polyploid" Trend test®

{mg/mi) (h) analysed gap cth cte cshb cse mul® total TAG (%) TA (%) (%) SA NA

Controt 200 1 ¢ 0 0 0 0 1 0 L{05 01(00) 025

Solvent" 0 24 200 1 0 0 ¢ 0 ¢ 1 0 1(05 000 0.50

TMB 0.020 24 200 60 o 0 0 0 9 ¢ 0 6o 0 (00 0.13

TMB 0.040 24 200 0 t 0 o 0 0 1 0 1(05 1(05 0.00 NT NT

T™MB 0.080 24 187 ¢c L 1 0 0 0 2 0 2(Ln 2z (L1 0.00%

MC 0.00005 24 200 6 34 7% 6 1 0 123 1 74 (37.0) 71 (35.5) 0.00

Solvent? 0 48 200 ¢ 0 ¢ 4 ¢ ¢ ¢ 0 00 (o 0.00

TMB 0.020 48 T 200 5 1 0 0 0 0 & 0 6 (300 105 0.13

TMB 0.040 48 200 2 1L 0 0 0 0 3 0 2(1.0 1{05) 0.13 NT NT

TMB 0.080 48 68 o 0 0 ¢ 0 ¢ 0 0 0(00) o {00 0.0077

MC 0.00005 48 200 7 25 % 1 & 0 1317 4 76 (38.0) 72 (36.0) 0.00

" Abbreviationsgap  chromatid gap and chromosome gap,cth | chromatid break,cte ‘chromatid exchange,csb | chromdsome break, cse
:chromosome exchange {dicentric and ring etc.), mul : multiple aberrations, TAG : total no. of cells with aberrations, TA:total no. of cells
with aberrations except gap, SA:structural aberration, NA: numerical aberration, MC: mitomycin C, NT :not tested, T Toxic; this group was
excluded from judgement in case of less than one hundred cells for structural aberration analysed or less than four hundred cells for polyploid
cells analysed. 1) Dimethyl sulfoxide was used as solvent. 2} More than ten aberrations in a cell were scored as 10.  3) Others, such as
attenuation and premature chromosome condensation, were exciuded from the no. of structural aberrations. 4) Eight hundred cells were
analysed in each group. 5) Cochran + Armitage’s trend test was done at p<0.05 when the incidence of TAG and polyploid in the treatment
groups was significantly different from historical solvent control at p<{0.05 by Fisher’s exact test. 6) Seven hundred and eleven cells were
znalysed. 7) One hundred and twelve cells were analysed.  *:Purity was 98.75%.

Table2  Chromosorae analysis of Chinese hamster cells (CHL/IU} treated with1,24-trimethylbenzene (TMB)* with
and without S8 mix :
Concent- 59 Timeof No.of No. of structural aberrations No. of cells

Group ration mix exposure cells Others®___with aberrations Polyploid? Trend test®

(mg/mi) (h)  analysed gap ctb cte csb ese mui® total TAG (%) TA (%) (%) SA NA

Control 200 ¢ 1 0 0 0 0 1 0 1 (05 1(05) 0.00

Selvent 0 - 6-(18) 200 0 1 0 0 2 0 3 0 3(18 3(18 013

TMB 0.033 - (13 200 1 1 0 9 0 0 2 0 210 1(05 033

TMB 0075 - 6-(18) 200 o ¢ 0 0 1 0 1 0 1005 1(05) 0.13 NT NT

TMB 0.15 - 6-(18) 5T 90 0 0 0 0 0 90 0 0000 0 (00). 00007

CPA 0.005 - 6018 200 1 1 0 0 1 0 3 0 3(15 2(10 0.13

Solvent® 0 + 608 200 3 z 0 0 1 O 6 0 6 (30 3(15 0.00

TMB 0025 +  6-(18) 200 36 0 0 0 0 3 0 3(15 000 0.50

‘TMB 0.050 + 6-(18) 200 5 1 1 0 ¢ 0 7 0 6 (30 2.0 0.13 NT NT

TMB Q.10 +  6-(18) 196 2 3 0 0 0 0 5 2 4020 2 (10 0.387

CPA 0.005 +  6-(18 200 S 40 127 7 4 10 197 1 96 (48.0) 91 (455) 0.25

Abbreviations gap:chromatid gap and chromosome gap, ctb:chromatid break, ctechromatid exchange, cshchromosome break,
cse:chromosome exchange (dicentric and ring ete.), mul:multiple aberrations, TAG: total no. of cells with aberrations, TAtotal no. of cells
with aberrations excent gap, SAstructural ahetration, NA:rumerical aberration, CPAZcyclophosphamide, NT Inot tested, T Toxic this
group was excluded from judgement in case of less than one hundred cells for structural aberration analysed or less than four hundred cells
for polyploid cells analysed. 1) Dimethyl sulfoxide was used as solvent. 2) More than ten aberrations in a cell were scored as 10.  3)
Others, such as attenuation and premature chromosome condensation, were excluded from the no. of structural aberrations. 4} Eight
hundred cells were analysed in each group.  5) Cochran + Armitage’s trend test was done at p<0.05 when the incidence of TAG and
polyploid in the treatment groups was significantly different from historical solvent control at p<0.05 by Fisher’s exac test  7) Seven

hundred and eighty eight celis were analysed.  *.Purity was 98.75%.
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AL-FF A (G-tert-TFV-m-Z LV —N)YDF v b %
A5 28 B B SRR 1 S

Twenty-eight-day Repeat Dose Oral Toxicity Test of
4,4'-Thiobis (6-tert-butyl-m-cresol) in Rats

E2

IR b3 OEMFEMO—RE LT, 44-FFEX
(6-tert-7F N -m-2 LS —RYDOE% 7 5T TAK
WEHE), 15, 60, B3 T250 meg/kg®SDHRT v MIZ28
B fsREECRS L, O0HEEE®RIFT LA 0, 608 &
7250 mg/kg BRIz ow T, B4 HEOETEE T &
§ AN

WEBRYERS CERT LI - HREOT I ALRT,
HE~NOEEL LN DT,

BHE T, HSHABOEHIC BN 2KL 250
mg/ kg BEDRERE T A Lo hs, ﬁft;%@f&iﬂaﬁ‘%
o bEoTHEREL/A, 60 mg/keFENHOEME LA
BEEE2LL LA > CHEB LA, REETIE, pHORT
#560 mg/kg BEOME & 250 me/kg DM, RESS
LU b RO 608 £ 15250 me/kg B0k,
MAEFRE T, IMEEOEMAT250 mg/lkg BEOIME#E
(2, SEEIFPIRIEEOBMB XY o ERILEO R
H250 me/kg BEREL, MFE{LEFEMRE TR, EBREY &
DIEIMH60 me/kg bl EORSEHOMIZ, oL AFD
— L OEIEAT250 me/ke BOMBZ, Y YBEBSLIURE
FEFEOHM L (EEOET H7250 mg/kg ML & 5
7=,

TREBEAREE T, 250 mg/kg FEDOMEME TR ER 1
m, BERSLNEEONE E FBOHRE AL, 4
BaEEmyici, FRCAEROHIFEROREA - mgics
1 BB E OB AI250 mg/ke FEOMMEIIL, BB L
BTN L2 ANAE D 2R 1E 60 me/kg ML L DI ETED
ML, T4, FEHEEOMELREAT60 me/keg bl B
BEEOME, SEHEROMBRERNT60 mg/kglll

DOEGHEOMEICH DI S5, BHERY ¥ & T,

EEBREHEICBT A “tingible body macrophage” #7250
mg/kgBEOMIZE L Ab i, BEFIISNTE, @
BT L A E OBl E L.

HMEOERIG, ERBEEGTIIBITE44-FFER
(6-tert-FF N -m-7 L/ — ) QERZEE ML 415
mg/kg/day L # A b7z,

&

1. HEE S L CHERORAR
BEWE4A-F YA (B-tert-7F N -m-7 LT — V)
t, FEIBR54, AE160~165C, KIIAE, Tt

FrBLETFAY ) —AETEDABERELEERTH S,
ARECIE O v PEFLOT01(ER{LETHRMR), ME
8% LA LD S DERVI. B, RS THEOKRSHER
WECOVTHITEIT- LER, FRPRTEEETS
ST L AR S

BEEEIS m/kghBERB L), S%T7FET T
LKETC RS LT03, 128 & 055% (w/v) SR8 & #
ML 01 ~5%{w/v) BB, EETIAMBIY
BWE(HAT) - BEF(BET T AM) CSHE I TEET
Bof:lids, RAUEES 2L CRARL, 18
ST/ EY T AMICHE L THEE 4T IEEL
oo F4, BSEBANBLCESRTHEO2E, #5512
FATAESEERICOVTEAERTHE LER, T
Wb REIREE T —Tho 7.

2. {EREMNS & URERG

5BEEOCri:CD(SD) ASPFifilEZ » F = AL F v —
WA - YN LA L, MEFCHBRERE - Bl
E LR, GEEmIRE TGRS LR,
Mo MRS 420 % B TS, 6BETREICML. %5
RIEP OGEHEIL, &T193~222 g (FI5{E | 208.0
g), MET148~171 g(FHf ; 1574g) THo7z,

Eis, BATLROGECESHTRYMLL, &5
THEEFINTHSE LA LS, arPa—¥%2HWT
SB[

EiMplE, IRAE23 3T, HrHERES0420%, M@K
1B %70 11~ 136, RS0 12MEOETET, &
BRUBr — JIZ1RFoUE L, BRI (R
CRF-1, # Vx> & W EEETHEM) B LUk (GkE
A) R HBCERS ¢HE L

3. BREEHLUERERE
AEES IS L L TFHABERSE 10, 5, 60, 2508
LTF1000 me/kg) DEE, 1000 me/ke BT EH BT
L, 250 mg/kgHETIIGOTB L U'GPTD L&, MmiE
ENIET, EEoinEas s, —F, 60
mg/kg L FORSERTEEEAON o/, Th
BRGNS, AR TIE250, 6035 & U°15 mg/kg D3
HErgEl, CHdBELFMACEHMETERLA
51, WEBE, 608 L U250 meg/kegBECIIEIERE Y R
i SR ThoBESImE L.
WERHEORSERIES mi/kghBEE L, EERE VS
FEHAVTIB 1 ES B MEREDES L. SR
BEE(E%T I ET TAKER) v ABIES L &
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HEE L.
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4. HEEE

1) —fFIREEDERE

FESHEhRER 2B E, FEHMPEEE IWER
gZ17.

2) #E
BEHEL L EEHEEEL,
ZiiE L.

B2EOHEETHE

- 3) HEEEAE
© REVEBLUEEARNERL, B2RIOEE TERE
Bz@izELi.

4)  MEFARE

BE5HEE L CEEHEETORO o BI I REY
Fofe, B 6—TRH16EM) et E T
— FOVERERT CRIE L, FEAEIRA: & Hi&EEN (EDTA-
ZR) #inz oMy v iclii 2 EB L, AR (ER
RITTEILEHEE), AFEF RV CB(I 7 A bAEYS
¥ L), ~w b7 )y MECEEHREMREBB LT
AR B b M), THRMRERE (EEIERE R
HiE), EFHALZFLEeEEE(~ES/ B 2B R
MEkMD 6 HE), FHRLKNEZEE(~Eral
YBBELFAT LYy FMEFSER), m/AEE(E
SRR E), ANBRE(EEENERE
B)W by -—AHSHBMKT S5 1 ¥ —
T890, PR, MARMERSR (Brecherik) B X U'AIL
IE 7% (May-Giemsa $5f85:) @2 LAz, £/, 3.8%
LB B A A AR ICEREL L A ILHE % 7O
FHE(3000 rpm, 109W) L, EbnidifEERve S
0oy CBEE S PEEEES PO E TS AP
Bl (Bl Es oy bk, MiESEESBRIESE, ACL-
100, Instrumentation Laboratory) s L.

5) M#AEELFIRE

MR O 7o OFRL & Bl ERER A S 3F 0
L, 583000 rpm, 109 X b iz-MiF
# v T AIP(Bessey-Lowryik), ol A5yo—N
(CEH-COD-POD#), b1 71+ F A F(GK-GPO-POD
#), VU YIEE (PLD-ChOD-POD#E), U2 (T
VEY LY i), i (Hexokinase-G6PD ), RESE
# (Urease-GLDH ), # L 7F= v (Jaffelk), + MY
i, AYTABLITEE( F VEREEE), A
Ly L (OCPCHE), EHEY v () 77 M), BEN
- " Biuret#:), TIN7 I (BCGE) B L UA/GHE#HE
CHEBLETATIVR6HEE) 2B LA, F4, ~
XY P EMALFRFICHERML, #0528 (3000 rpm, 10
TEYcIEs R mMEEHYTGOT, GPT,
LDH(UV-rate#), y-GTP(y- # V¥ 3 V-3-H MEF ¥ 4-
Zhao7=0) FER)BXChE(DTNB &) (ML Ewvih
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% H BN HT2EE Monarch, Instrumentation Laboratory)
#iflE L. ’

6) RBE

BHRTHHRED RS S48 (RELEORSH®)
o, BEREOBYIEES2EICRELTo 7. RED
%S — VICEBCIE L, BE - BEREKTTY
BEREY, RVWTHHESR - AlRBATTEDHRD20
ERREIFERLA. BELARYIO4IBEMETHWT
pH, BAE, 7 hrk, 7F9HE, #n, YOLEy,
oYy -5 (L URIFLETTARE#, MmEE

o —HEE), GE(WIRES) BLOHE (BR) 2RELL.

T, FORBICH LN 20KMIKE BV THREEIRE,
7Y IBRE, W7y ) EHEL, AEEAREBLT
0RERE,SIBDOREZR LA, 6100, /T8
—JINELIKET, fEA,LDOIBEOEKE THEK
ErHA-THE LA,

7) BB LUBREEE

LR ERE S X M E A EEREO D ORME
MBS, ARBYEOFELHEHE 18, ER,
Mg s L EL &S 0RE - Moo THREN
KREOEETEHELL. BT, BTIRTHELSRH
Wi, REEEHES) FEELE. £/, HEE
DHEEBIVHEGEE,LLFEIN gL/ ) O EE
TEHLE.

B, HEle, LB, W(REZLZEL), FE, BE,
e, BIE, #EE,

8) RIEMEMEFEE

EHWIIOoOWTIFICRTERE - flcElL, Y
VEHREH 0% AT YHEUEL, REBLUN—F—
BES% NI LT LT - 25% A< Vi) CH
ELA 3602, *HIEELAEE - fiiconTotg
T EE L. WERTENEEY TR, Co9b
HERELEAEHULELLETORE - Afiiow
T, i, dBIEAESREEBYERSICLLER
AED NI (B~ ), KB (EH~-ES),
IFlgE L R v o TERELDA L L,
AT RFYY T VU (HE) Rm e L CERL
fo. EEBECIL, #EMEHRS Lo biEbhi b
ROBE, IS LUIBEIEY v gcow TRz
WE L.

Bx, FRE, AFmiEt, BAEk, L, JEY
M{REX= &)%Y & &#, B +2#&E* =k
* g, BN, #EEY BB, EEBGITR &
THR), ATME*, R, TEfk*, PRR(EEAMEEE
t)*, B, MR+, BEE*, WBEEEY »ocEsr, SE
VoY oREEE R, B, MR, ME LAY, BE,
BUSLAR*, BEEL*, FE*, BE*, M, EE, [k,
— ¥ -8, BRUBHMUAE - KRE)*, Kb, WIR
RIEELRA*
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5. #EEHARAT

EHREHEOI L, BHELLILRELDWTET
Bartlett #iZ &L ) EHOSBOBH—EORE£1T 5 /2.
FOFER, TERAH—OBE I ImRERIC L 591
T EfTY, BERIIFEEFEObML 251,
Dunnett i (S EOFEAFTE L wE &) 413 Scheffé it
(BEROFHFRLLLE) AW THERLEREE
L DB EDREET -7, THFY—-TEVWEE
t21d, Kruskal-Wallis D ERIEE T 1TV, FETHILL
Dunnett Bl (FHOFHIE L & &) F713Scheffe Bl
(BHOBAEFELZ2LE)EAWTHBRLEREE
E DTN DZORELIT - 72, WEEVTRS T
T, HEKEEISBLTI% L LW

R _
1. —fRiREs .
ALY, WTFROEDIZLBEIIALRE )

2 7.

2. 1&E(Fig.1)
1) E54E

M E b0, BISEOEEIIGERELEECERL
FAR

2} E{EEE
MEREE b2, BESHEOEEIMEELERIEZL
7z,

600 -‘

500 1

Body Weight (g)

100

3. s

1) &S

HETid, 250 mg/kgBETHE4AH ICHBERELIEEICT
Biof, L L, 2OBIEERELSLLEE - THf#L,
HEEZLAbNL. T/, 60 ma/keBETLREELES
LEE-THEZL, AEELAON. HTHE, 250
mg/keHTIRS4BIIHBEAFEZTCTH-4. Lil,
FOEIIATEERE L MR ICHER L.

2) [EELAR
L b0, BESEORMS T REEL IS
L.

4. HAESAEE (Table 1)
1) BEETE

HeTld, 250 me/keBECTI/MEBOFE MDA S
iz, iz, YebtorEVEREoEERERI60
mg/kg BT A H Rt RIS L 22 20Tk i b
ofz. HETH, 250 mg/ke B CIUMER S & P ZEEUT
Bk EOFELEINE ) BRI OF T LR
SE (AR

2) BEEETE

MeHE & %12, 250 mg/ke BECI/NEE O H B 4 BI0H°
H T, :

5. IMi#%E(LRIRTE (Table 2)
1) BEETHE

HeTlt, 250 mg/kgR T T L AT O VO E R
padtA sz, METIH, 60 mg/ke Il EORSFE TR

e
g

—_— O mgkg
—#%—  15mphkg
-—FI—— &0 mgkg
—_—— 250 mg/kg

0 T T
1 8 15

T T T

T
29 1 7 14 {day)

I Administration
period

| f———— Recovery period ——1

Fig. 1 Body weight changes of rats treated orally with 4,4™-thiobis (6-tert-butyi-m-<resol)in the twenty-eight-day

repeated dose toxicity test
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Tablel Hematology of rats treated orally with 4,4'-thiobis (6-tertbutyl-m-cresol) in the twenty-eight-day repeated
dose toxicity test
28 days dosing groups (mg/kg) 14 days recovery groups (mg/kg)
ftem 0 15 60 250 0 60 250
Male
No. of animals 6 6 6 6 6 G [
RBC (X 10¢/mm®*) 800 + 38 701 + 28 790 + 38 793 + 27 806 £ 21 812 + 28 801 *+ 15
Hb {g/1) 16.0 £ 04 169 £ 04 156 * 04 159 + 0.7 158 = 04 159 £ 03 154 + 0.4
Ht (%) a8 + 2 48 + 1 47 + 2 48 + 2 47 = 1 47 £ 1 46 = 1
MCV (1) 598 + 19 604 = 06 59.8 + 2.1 60,0 = 0.9 581 = 10 58.1 £ 24 576 + 25
MCH {(pg} 200 = 0.7 20.1 = 05 198 = 0.7 200 + 0.3 19.6 = 02 196 + 0.8 193 *+ 0.8
MCHC (%) 335 + 04 332 =06 332 £ 04 333 £ 04 338 = 04 338 & 04 334 £ 03
Reticulocyte (%) 203 22 =3 21 £3 22 £ 6 ] 215 20+ 4 23+ 4
Platelet (X 10Y/mm?) 1180 £ 7.3 . 1222 £+ 81 1165 & 119 1350 & 9.2 1074 £ 36 1093 £ 74 1188 & 9.2¢
WBC (X 10¢/mm3)} 95 + 34 105 + 39 96 & 28 97 + 37 92 + 18 99+ 24 97+ 8
Differential leukocyte '
counts (%)
Lymph 84,5 + 55 883 £ 41 811 + 22 878 + 36 79.0 = 92 84.0 % 4.8 803 = 89
Stab 01 % 0.2 0.1+ 02 0.2 £ 03 03 £ 03 02 03 01 £ 02 0.0 =00
Seg 148 + 56 107 = 47 178 £ 19 115 + 3.4 18.7 = 86 149 + 43 187 = 0.0
Eosino 04 + 0.6 09 £ 08 08 £ 1.0 03 = 04 09 £ 04 06 = 05 0.7 = 06
Baso 00 £ 00 0.0 + 00 0.0 = 0.0 0.0 £ 00 00 = 00 00 = 0.0 0.0 = 00
Mono 0.2 += 0.3 01+ 02 0.1 £ 02 0.3 + 03 0.3 = 04 04 £ 04 0.3 = 04
Others 00 £ 0.0 00+ 00 00 £ 00 00 = 00 0.0 =00 0.0 &+ 0.0 0.0 £ 00
PT (Sec.) 128 + 11 118 + 0.8 114 =05 136 £ 1.3 123 £ 15 125 £+ 1.1 12.1 = 0.8
APTT (Sec.) 194 + 1.8 180 = 1.2 173 + 14 213 £ 1.8 188 + 24 190 + 14 189 + 18
Feinale
No. of animals 6 6 6 6 6 6 6
RBC { % 10//mm?) 793 £ 35 760 = 36 T4 £ 26 758 + 49 812 * 46 810 + 27 808 £+ 19
Hb (g/1) 155 = 05 161 =06 153 + 04 158 + 0.8 156 = 0.3 158 £ 05 155 + 0.2
Ht (%) 45 & 2 45 = 2 43 + 1 44 + 2 46 £ 1 47 £ 2 46 % 1
MCV (;8) 592 + 1.4 598 = 1.2 59.5 £ 1.2 585 £ 1.0 56.8 = 2.3 573 £ 05 57.1 £ 08
MCH (pg) 206 £ 0.6 212 £ 05 212 £ 05 208 £ 04 18.2 + 0.9 194 £ 0.2 192 + 04
MCHC (%) 348 £ 098 354 + 04 356 = 04 355 £ 0.2 33.9 & 04 339 £ 04 336 £ 03
Reticulocyte (%) 22+ 4 17%=5 19+ 3 19+ 4 202 23+ 5 22+ 5
Platelet (X 10"/mm®) 1146 += &7 1206 = 116 1162 £ 63 1366 £ 9.2* 113.3 % 10.8 1124 + 83 1280 =+ 7.2%
WBC (X 10#/mm?) 66 + 10 7% 18 8 & 23 93 + 37 84 = 32 100 4 23 80+ 26
Differential leukocyte
counts (%)
Lymph 86.0 £ 3.1 843 & 3.2 83.2 £ 68 730 £ 9.0** 79.2 £ 90 886 + 22 854 = 8.0
Stab 0.0 + 0.0 0.2 =03 0.2 £ 03 03 =04 02 + 03 0.3 + 04 03 £03
Seg 13.2 &£ 32 141 + 24 154 = 6.3 244 + 7.7 19.6 + 88 99 + 1.7 13379
Eosino 0.7 + 03 12 = 0.9 1.2 4 0.7 19+ 13 0.8 4 06 1.0 + 0.8 08 £ 05
Baso_ 00 = 0.0 0.0 + 00 00 =00 00 = 00 0.0 4= 0.0 0.0 £ 00 0.0 £ 00
Mono 0.2 £ 03 03 03 0.1 =02 03 = 04 0.3 = 03 0.2 +£03 03 £ 03
Others 00 £ 0.0 0.0 £ 6.0 30 =00 00 £ 0.0 0.0 + 0.0 0.0 £ 00 00 £ 00
PT (Sec.} 106 £05 1095+£03 10507 100+£03 107 £ 05 05+£06 108 £ 03
APTT (Sec.) 14.0 £ 0.9 13.7 & 65 1431 + 14 143 £ 1.6 166 = 14 163 = 1.9 164 + 1.2
" Values are expressed as Mean + 5.D.
Significant difference from control group; *:P<0.05 *P<0.01
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Table2  Blood chemistry of rats treated orally with 4,4-thiobis (6-tert-butyl-m-cresol} in the twenty-eight-day
repeated dose toxicity test

" 28 days dosing groups (mg/kg) 14 days recovery groups {mg/kg)
em
0 15 60 250 0 60 250

Male
No. of animals 6 6 6 6 6 6 6
GOT (1u/1) 54 £ & 57 + 10 535 60 = 5 56 £ 11 57 £ 16 6l + 17
GPT (1U/D) 36 6 3 +4 3B 5 36 +9 4] + 4 368 3+5
LBH (1U/1) 26 £ 5 25+ 3 24 =6 27+ 8 3+9 25 £ 6 28 + 12
AlP (3U/D) 1289 + 61 287 + 38 312 £ 65 326 *+ &8 232 = 67 247 £ 56 244 = 25
y-GTP (IU/1) 15 % (.7 14 £ 05 15+ 0.3 1.5 £ 04 1.7 0.2 1.7 £ 03 18 + 02
ChE {1U/t) 672 = 39 707 + 92 690 + 74 787 + 95 693 + 89 802 + 229 650 & 52
TP {g/dt) 6.0 + 0.2 60 + 0.2 58 £ 0z 57 + 03 6.3 + 0.1 6.2 + 0.2 62 + 0.2
Albumin {g/d!) 35 = 0.1 34 01 34 + 01 33 +£01 34 =01 34 + 02 34 £ 01
A/G (%) 139 £ 012 132 £ 008 141 = 009 141 £ 0.13 119 £ 008 124 £013 122 £ 010
T. cho (mg/dl) 59 = 13 62 + 12 62 &+ 15 8l + 9* 66 = 15 65 + 14 67 + 14
TG (mg/di) 74 £ 23 94 + 20 97 + 22 77 = 33 113 + 36 110 £ 4 88 + 38
PL (mg/dl) 113 + 22 114 & 15 122 + 22 132 £ 11 : 125 * 21 125 £ 26 123 + 18
T. bilirubin (mg/di) 011 £001 011 001 012 +£002 016 £ 007 13 £002 013 002 012 £9001
Glucose (mg/dl) 119 + 22 118 = 8 124 + 10 106 + 11 139 + 15 127 £ 11 122 4= 4*
BUN {mg/di) 12 £ 1 12x1 13+ 2 13x1 14 + 2 13+1 16 &£ 2
Creatinine (mg/dl) 057 £ 003 058 x£003 053 002 056 %003 056 = 005 060 &= 005 0.62 = 0.06
Na {mEq/l) 142 + 1 142 & 1 42 + 1 142 £ 1 145 £ 1 145 £ 1 145 = 1
K {mEq/1} 48 = 04 46 = 0.3 44 + 03 46 £ 02 48 + 0.3 47 + 0.3 4.7 £ 0.3
Cl (mEq/l} 110 £ 1 110 £ 1 110 £ 1 10 =1 111 £ 1 112 £ 1 111 = 2
Ca (mg/di} 93 + 0.2 92 £ 02 92+ 03 93 £ 03 80+ 02 89 £ Q.1 90 £ 02
P {mg/dD) 92 + 05 9.2 4+ 05 9.2 £ 05 9.8 £ 0.2 78 £ 05 7.8 + 04 84 = 04

Female
No. of animals 6 6 6 6 6 6 6
GOT (1U/1) 63 £ 10 59 + 8 64 + 4 57 £ 8 64 £ 5 69 + 7 66 £+ 11
GPT {1U/1) 36+ 7 333 35 £ 3 37+£9 34 %5 3B +8 31 +£4
LDH (Tus} 24 £ 17 20+ 6 227 266 23+ 96 4 x5 27T+ 10
AP (TU/1) 182 + 34 185 + 26 198 £ 71 186 + 25 142 = 36 147 + 32 131 £+ 30
y-GTE (IU/1} 17 £ 07 1.9 £ 0.7 16 + 04 14 + 08 1.8 = 04 18 £ 06 13 £ 06
ChE (1U/1) 2610 + 663 2268 & 685 1857 + 508 1832 x 592 2410 * 703 2665 £ 927 2275 X 473
TP (g/di) 64 £ 05 62 £ 0.3 6.1 %03 65 = 04 6.7 = 0.2 71 +04 69 £ 0.3
Albumin (g/dI} 37 0.2 37 £02 3502 37T £ 03 3.6 =02 37 +£01 3702
A/G (%) 136 = .10 148 +£ 010 135 + 0.10 130 £ 0.08 118 = 009 112 =010 112 + 0.08
T. cho (mg/dt) 70+ 14 68 £ 8 % £ 16 101 & 15% 62 % 12 88 & 18* 63+ 15
TG (mg/dl) 32 £ 4 37 +0 Bx5 54 + 28 39 = 10 42 + 7 36 £ 14
PL (mg/d?) 133 = 24 134 + 15 161 + 30 192 & 39** 138 &= 23 178 + 20* 136 + 30
T. bilirubin (mg/d}) 011 £001 012 £ 001 C11 =001 048 £ 038 013+ 002 013 +002 014 +0.02
Glucose (mg/di) 107 £ 12 14 + ¢ 107 £ 9 83 L 16™ 108 + 14 120 = 18 105 + 8
BUN {mg/db) 14 2 15+ 1 13£1 17 £ 3* 15+ 2 14 =2 15 + 2
Creatinine (mg/d?) 060 = 006 060 & 006 058 £ 004 063 & 0.05 058 £ 004 06 £ 008 060 = 005
Ma {mEq/1} 141 £ 1 ML+ 1 40 += 1 40 + 2 142 =1 142 £ @ 2 £ 1
K (mEq/?) 48 = 04 51 =02 50 &+ 0.2 52 £ 06 51 £ 03 51 +403 52+ 03
Cl (mEq/1) 112 £ 2 111 = 1 112 £ 2 114 =+ 2 114 £ 1 114 £ 1 14 =1
Ca (mg/dD) 90 £ Q.1 9l +02 89 + 02 82 £ 04 9.2 + 03 92 + 02 81+ 02
P (mg/dl) 82 £ 07 86 £ 06 92 £ 05* 92 £ 0.8* 82 + 03 79 &+ 0.7 83 £ 1.0

Values are expressed as Mean + S.D.
Significant difference from control group; *:P<0.05 **:P<0.01



)y OEEREIND A LTS, 250 me/kgFETHR O
VAFOE—=, )V yIRABLUVRFEZFOFEREME
MAEEOEELRETHEA LN,

2) ERRTHE

T, MBEOFEERZETH200 mg/kgBETAH LN

BECIE, BaLRFO—NEY ¥EEOHFZ L BINN
680 mg/kgHETAHALNAY, HEBICHEELATLTRR
iR

6. R (Table 3)
1) B5%E48

T, 250 me/ke B R pH OIETHEM & RitiED
oV YEEOBEIMERSAL . T, 60 mg/ke
M EotS B TRpEMETER, REH, 7 b 4B
L URILESR D) CEEEOBIMAR YA LR,

2) m{EE2E
HETH, 250 mg/keg B RBEOBEIERAA BRI,
Tk, 250 mg/keBECRpH R TAMEDA S,

7. RBEESE(Tabled)
1) ST EsHSRE

FET, HEEORFE LB 250 mg/kgBOMH
(MNP (VAR

2) [E{EEE T IFEIRE

LT, ﬁﬁﬁg@ﬁﬁtﬁMﬁﬁm%fﬁﬁL&6
A

iz, RO ER O T EINAMED 60 mg/kg
(AN, FAEEREME L AL TiE R d o /.

8. H&FTR (Table 5)
1) BESETRREARE

EIEDIEIRA 250 me/kg FEO HES B & B4 B, NBE
BEDRLEAT250 mg/kg FEOMEMEE 4B H S, fhic
R ERS LA LELONAEIZAGR 2P
7.

2) [EHEEE T RESIRE
 BBMERSCLDEEIOhLEERO N,
7=,

9. REEBHIFARE (Table 6)
1) BEE TR

WER S K B EE L SN ARILI NG, Kig,
it K UERIE ) o vEiis A b i,

B © HRED T BRE L @A 250 ma/kg i HE
1B & MEIPNZ A Lz, AR, BHEOLOE S
OFRE LTRESHh, AREEOCELS 2 W EHER
RS BN o,

BB RN EEMRO Z{EE» BE R &ML
60 mg/kgBEOHEIF L #E 14, 250 me/kgBEOMESS
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Bz stk i, BECBTLII{(BENIBER
HIRRE T AT60 me/kg BEOMESH & i 15, 250 mg/kghE
OWEMER 3B A B dt, I BB ZR{LE R
TG MREELRYERE LT LB TR
haof,

BB B Rl T <$§E&%Eﬁa{t7&i60 mg/kg
BEOMEMEE 16, 250 me/kegFEnBEIFIEME2HIIZA LR
7o, Fi:, BEICB AT EERMARREIED 60
B LU meg/kgBHTFNEFRIB LU2HICAL R,

BEERIIBITA D <$§F‘&%Iﬂﬁﬂbtﬁ7ﬁ‘250 mg/kg

HOMES 1P A LN,

IR . DERLEFNEO ZBEZR A0
mg/ kg FEOMEHEL SFIIA DR,

MBREE Y >8R RAERIC BT, MREDEE
i< 07 7— “tingible body macrophage” D
WA, WEBECHEIF(T CEE), 15 meg/kgBE-CltlE
BB TCERE), 60 mg/kgfETHIF L2

-ﬁwaﬂ%r<ﬁ§)u&6ﬂtmuﬁL,%Omym

BTERT2E ORI CBE, B2 158 E) &
THH (4 FIAT { EREE, 5%5115!]7?%?}&_&5#1, 250
mg/kg O CREA R LEP o 72,

LREUA- o Bid BRI & 2 OIFEEEEIR A H v
THLEAEPTR & HbF L7,

2) AR T SR
B BB T RED S BE R BT, 250
mg/kg BEOWERER 2B b IL7.

B8 . I EE#goRLEED b kdhoiz, B,

B B B 2 R A & AT 7 MR R AT e BE T
HE20, 60 me/keZECHE2E &L, 250 me/ke B
THESH BB A S Rk

BIBE  BAMEIC 545 O S BREE 4 MIFLIR I A60 me/ke
BEOWELS], 250 mg/kg OB LBIC A &7,

B8 FRORKEED b o, 2l &
B N EE A B O MR 161, 250 mg/ kgl
DHELENz & BT,

ik, 2B, HBEXCBEEY B
FREABOLRE Ao 7.

TR

HEET AL TRTIEALGRLT, /-, —RRES
FUHREC LB ERSC LA {RED O, o
7=,

BEE G, 250 me/kg B O REHE T 5144 B IR
LEIRLU D, BTREOBERBELLPEE- . 60
mg/kgFTHROAEFEIIHBEZ L LA -2,
NoORSFEOFEY, WMEELIEIIZEECR- L
B, HEERRBETLTWALDOEEZ LR, Eho
BT AEENFDERLEEI RS,

RIBE Cid, 60 mg/kgh LORESHETRpIDIET,
REEBLUY b oM EE LTHCA LR
R, MEEEEREICBWT, HTRESERELE




4,4'-F # E Z (B-tert- ﬁ‘aﬁw -m-T L~ I)

Table3  Urinalysis of rats treated orally with 4,4"-thiobis (6-tert-butyl-m-cresol) in the twenty-eight-day repeated
dose toxicity test

. 28 days dosing groups (mg/kg) 14 days recovery groups {mg/kg)
tem 0 15 60 250 0 60 250
Male ]
No. of animals 6 : 8 6 6 6 6 6
Volume (mi) 99 + 36 93 + 53 129 + 54 135 £ 50 104 = 33 92 + 65 89 £ A4
Specific gravity 1.072 &+ 0.012 1073 + 0.018 1.063 + 0.015 1.058 * 0.011 1.079 + 0.019 1.074 + 0.017 1078 + 0.019
Water intake {m!) 40 = 8 41 + 6 45 + 4 51 £ 12 4 £ 5 4] + 8 42 + 4
pH 7.5 0 0 0 1 0 0 0
8 0 0 0 2 0 0 0
8.5 1 4 2 1 G 0 1
9 5 2 4 2 6 6 5
Protein - 1 1 0 1 0 1 0
-/+ 4 3 3 1 3 0 2
1+ 1 1 2 3 3 5 1
2+ 0 1 1 1 0 0 3
Ketons - 6 5 5 6 6 5 4
-/+, 0 1 1 0 0 1 1
1+ 0 0 0 0 ¢ 0 1
Glucgse - 6 6 6 6 6 6 6
Occult blood - 4 5 5 5 3 4 6
-+ 1 1 0 0 1 1 Q
1+ 1 b V] 0 1 1 o]
2+ 0 0 1 0 1 0 0
3+ ¢] 0 0 1 0 0 0
Bilirubin - 6 ] ] 6 6 6 6
Urohilinogen —-/+ 6 6 6 6 6 6 4
1+ 0 0 0 o) 0 0 2
Color Yellow 6 6 [ 5 ] 6 6
Dark vellow 0 0 0 1 0 0 0
RBC - 6 6 8 5 & 6 6
-+ 0 ¢ 0 0 0 0 0
1+ 0 ¢ 0 ¢ 0 0 0
2+ 0 0 0 1 0 0 0
WBC - 6 6 6 6 6 6 6
SEC - ] o 0 0 0 0 0
=i+ B 6 B 6 % 6 ]
3+ 0 0 0 ¢} 0 0 0
SREC - 6 6 6 6 6 6 6
Cast - 6 6 6 6 6 6 6
PS - 6 4 5 3 3 4 4
-+ ¢ 2 1 2 3 2 2
1+ 0 0 0 i 0 0 0
Co - 6 L] 6 6 4] © 1]

Values of volume, specific gravity and water intake are expressed as Mean & S.D., other values are expressed as No. of animals



Tabl

e3 {(Continued)

Item

28 days dosing groups {mg/kg}

14 days recovery groups {mg/kg)

0 15 60 250 0 60 250
Female
No. of animals 6 6 ] 6 6 6 6
Volume (mi) 8.4+3.0 0.2 = 7.1 48 + 24 56 £ 3.7 6.1 £ 32 7.2 * 36 6.6 & 4.1
Specific gravity 1.070 + 0.018 1.060 + 0.016 1.079 + 0.018 1.0566 + 0.025 1,068 + 0.013 1.066 = 0.018 1072 £ 0.023
Water intake (mi) /7 41 + 8 39 £25 41 + 12 30 %7 31+8 42 = 12
pH 55 0 0 0 1 0 0 0
6 0 1 0 1 0 0 0
6.5 0 0 3 1 0 o} 1
7 0 . 1 1 0 0 0 1
7.5 1 0 0 2 1 0 1
8 2 2 1 0 0 1 1
8.5 2 2 0 1 3 2 2
9 1 0 1- ¢ 2 E: 0
Protein - 5 4 2 1 3 0 1
-/+ 1 1 0 0 1 4 3
1+ 0 1 2 4 1 0 2
2+ 0 0 2 1 1 2 0
Ketons - G 5 3 2 o 6 5
~/+ ¢] 1 2 3 1 0 1
, i+ 0 0 1 1 0 0 0
Glucose - 6 6 & 6 6 6 6
Occult blood - 5 5 6 4 6 6 6
-+ 0 0 ¢ 1 0 0 0
1+ 1 1 0 0 0 0 0
2+ 0 0 ¢ 0 0 0 0
3+ 0 0 0 1 0 0 0
Bilirubin - 6 6 6 6 6 6 6
Urobilinogen -/ 6 6 6 6 5 6 6
1+ 0 0 0 0 1 0 0
Color Yellow 6 6 6 4 6 6 6
Dark yellow 0 ) 0 2 0 0 0
RBC - 6 6 6 6 6 [ 6
WBC - 6 6 6 6 ] 6 6
SEC - 0 0 0 0 0 0 0
-/t 6 6 6 6 6 6 6
SREC - 6 6 5 6 6 6 6
-/+ 0 0 1 0 0 0 0
Cast - 6 6 6 6 ] 6 6
PS - 6 5 4 3 1 3 1
-+ 0 1 2 3 H] 3 4
1+ 0 0 0 0 0 0 1
Co - 6 6 6 6 6 6 6

Values of volume, specific gravity and water intake are expressed as Mean+S.D,, other values are expressed as No. of animals
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Table 4 Absolute and relative organ weights of rats treated orally with 4,4'-thiobis (6-tert-butyl-m-cresol}in the
twenty-eight-day repeated dose toxicity test

I 28 days dosing groups {mg/kg) 14 days recovery groups (mg/kg)
o 0 15 60 250 0 60 250
Male
No. of animals 6 : 6 6 6 6 6 6
Body weight (g) 375+ 18 401 +26 41542 37818 475+ 35 447 140 455 £17
Absolute organ weight .
Brain (g) 201:£007 204£005 203005 200003 210004 211012 2124005
Thymus (mg) 535+ 74 647 £ 105 553 £ 77 464 + 76 468 £ 78 475 £ 136 489 £ 52
Heart (g) 1274000 1324011 132009 1312020 1434009  141£011 144 £007
Lung (g) 1204003  133+012 1394011  1.35+007 1474009 146011 150009
Liver (g) 1165+1.08 12632130 1307194 13781164 1463+159 " 1343126 14.67:085
Spleen (g) 069007 072012 070£011 0.73+£0.04 080+£013 073£015 074+012
Kidneys (g} 287022 286£025 3.02x027 298+£027 324020 300026  3.25+0.18
Adrenals {mg} 60+8 67 111 636 61%9 64+7 66+5 65+ 10
Testes {g) 315+019 335+£018 327020 820028 3361024 347061 3224011
Relative organ weight
Brain (%) 0.54 £ 0.03 0.51 £0.03 049+005 053+£0.02 0.44 £0.03 047 £005 047 0,02
Thymus (%) 143+ 19 162 + 26 134 £ 19 123 £20 %9+ 19 107 £ 29 108 %11
Heart (%) 034 £0.02 0.33+002 0.32+003 0.35 £ 0.05 030+ 001 032+ 001*  0.32 £0.01*
Lung (%} 035£002 033001 033x002 0362001 031001 033002 033£001
Liver {9} 3102004 335+013 33144022 3641033 307£006 3024031 323+015
Spleen (%) 0.J8£0.02 018002 0172003 0.19+002 0174002 016+002 0.16%002
Kidneys (%) 0772003 074005 073003 079007 069004 0691008 072004
Adrenals (%} 16:+2 17+3 15+2 162 14+2 1542 43
Testes (%} 0.84+005 084+£006 080£0]13 087£0.09 071008 078014  0.71 £ 005
Female
No. of animals 6 6 6 6 6 6. 6
Body weight (g) 228+12 24315 227+8 220412 249 +29 264 £ 28 238 =17
Absolute organ weight
Brain (g) 1.84 +0.06 1.86 £ 0.05 184 +0.07 1.86 006 1.860.04 199015 1.38+0.08
Thymus {mg). 420 £ 108 447 £ 68 434 = 87 460 1 97 34150 384 + 57 339+ 85
Heart (g) 0.85:£008 0841005 083004 0782004 086009 094+0I1" 0.84 =004
Lung (g) 09005 107010  1.06+008 1044007 1084008 111009 105010
Liver {g) 6751076 686+034 687+058 7.65%0.86 6.84:+093 749108 700065
Spleen (g) 051006 049£003 0471004 0503005 051£007 052£008 050004
Kidneys (g) L72+021 186001 184+013 174014 181014 1874022 174 L0106
Adrenals (mg) 72+8 75£8 76E10 745 0 +6 ((ES 78+ 10
Ovaries {mg) 81.3+£98 96.6:-149 980155 9741102 883130 92499 96.0 £ 12.5
Relative organ weight
Brain (%) 0.81 0,04 0.77 £ 0.4 0.81 £ 0.4 (.85 £ 0.04 0.75 £ 0.08 0.76 £ 0.09 0.80 £ 0.07
Thymus (%) 184 £42 185+ 33 192 441 210 + 49 138+ 18 U722 142434
Heart (%) 037003 035002 037002 036001 035£003 036002 036001
Lung (%} QA+ 002 044003 . 047004 0474004 043£003 0422002 044002
Liver (%} 2064026 283202 3022018 346 020" 275013 283x013 294012
Spleen (%) 023£004 020002 0212001 023003 02120038 020£003 021001
Kidreys (%) 076 £007 077+005 081004 079005 073£005 071001 074+006
Adrenals (%} 32+3 31+4 33+5 443 2843 29+3 33+5
Ovaries {%) 35.7+4.3 400 £6.2 43376 43447 360168 35114 404 £ 46

Values are expressed as Mean + 5.D.
Significant difference from control group; *!P<0.05 **:P<001



Table5 Summary of gross findings of rats treated orally with 4,4'-thiobis (6-tert-butyl-m-cresol) in the twenty-eight-

day repeated dose toxicity test

28 days dosing groups (mg/kg)

14 days recovery groups (mg/kg}

Item
Organ Findings 0 15 60 250 0 60 250
Male
No. of animals necropsied 6 6 6 6 6 6 6
Small intestine
Thickening of wall 0 0 0 4 0 0 0
Large intestine
Dilatation of cecum 0 0 0 5 0 0 0
Testes
Enlargement (unilateral} 0 0 0 0 0 1 0
Epididymis
Yeliow nodule (unilateral) 0 0 0 0 0 0 1
Female
No. of animals necropsied 6 6 G 8 6 6 6
Thyroid
Enlargemant (hilateral) 0 1 Q 0 Q ] ]
Small intestine
Thickening of wall 0 0 0 4 0 0 0
Large intestine
Dilatation of cecum 0 0 0] 4 g 0 0
YroEmasbhio bhs, READEMMSEEE 7560 meg/kg PLEDIRSEEICAGH, KBICWT2EE
WMEOEFRICHTSEELELGNLAS, B CILHER MATRIR Sz, L, BRI EERAROEL TR E
ZMEMERDL SN Ad o, T/, 250 mg/keBrOME R ABEMEATIEELESTL—FKET, AEOD
DHFEEIEET LT WD Edtn, Ry b o EodEn BEHIEE LA TR oo, BREEY Y ETI’, BE
i, MIEOETIINEY, THALF—FE LTOELSE ZABIZBIT S “tingible body macrophage” #7250
A AL biEEE NS, meg/keBEl SR &L abhni. ToEid, Y >
MEERETE, MAMUEOBM, U SEREEOR  SECHE, BEE Db ¥ SBETHED bk
A & FER PR EOHINA250 mg/kegBOEL LT Sl Edh, BEEELMELLFRTHD, ) o
A e 260 mg/kgHEOMICBITA Y VBB X FEEICHT HEENREATERVWEEZ RS, &
USEETFROER L, SMEREE £ OFWTLERS B, HERTESRMDS B, 250 mg/kg B DMEHES 1
Kooz L, V) NBREUINBIETESHEOH20%E, T3 B, EREEOMIREL & b NP REAFIEH D %
RIS R TEHECH 160% W TH A2 b {, Fho, ZTOBOHWTRETREMICBEIRLZ D
b, ARRIIBYAOMBTELECELE, FEET L, WERYWEKE L OMERE W EHET S
REROEFHLEINMCER L, KEBHEEToMIzEE & METH, 250 meg/keBECEEVHM L, AMBFNC
DEEEHITREENS. WAERCF AR ORAERD b, Mk EE
MEA{LFEE T, RS/ s, RESEERL ETIE, GOTRGPTOLREZ UIMBEREE R THA
) o OBEEDIEID, BIVATFOI—N L) VIRE EHohidhos7Z o dt, HEOMEETRIE, A
DEMAT250 melkg B A b i, BERH~OEE LR BEROFELTRRT 250" LfEFE S D.
LR (AN ' OEFCBVTH, HRMERS CHETLEELS
JREBEAEETIE, /NG, KB, BB Y3 is Lot NHELEDI B, 250 mg/kgBHEORpHOET, REY
FPRE 2 b A Stz AT, WRMY 2B D REE 2T DU, MBS L UEB B L EREDE
250 mg/kgBHICA S, MBEHITE, BB THREED BREZER(OFREIZED LT, MAMEtnEbeEz
B ATA B, BEIZB~S7 <, 60 me/kg Bl o Lt '
BEFTHAEEMRERORTITRIE I N5, NFICBIT
BREEMEAL, WL - WIEEDIE T IS0 T 2584 PLEOmMC, 44554 € X (6-tert-7F -7 L/
DEERREEZGNS. $i, RBTH, RAERSNLS iz Ty PC2BBMEERSLER EaBbse0
B ORI 250 me/keBEiZA o, HBFZEERES mg/kg BLEDHSEOKBIZ, X 512250 me/kg BT
L RS TR B e o> 2k s L UTRRRE AR R AGB L UTFEIC A O, REBMEOELENSHRE R
236
340




4.4'-FF ¥ Z(6-tert-TF I -m-2 L — )

Table6  Summary of histopathological findings of rats treated orally with 4,4'-thiobis (6-fert-butyl-m-cresol) in the
twenty-eight-day repeated dose toxicity fest

. 28 days dosing groups (mg/kg) 14 days recovery groups (mg/kg)
em
¢ 15 60 250 0 60 250
123pP 123P 123FP 123P 123P 123P 123P
Male
No. of animals necropsied 6 6 6 6 ' 6 6 6
Tteum (6) {6} (6) (6) (6) {6) {6)
hyperplasia/ villus co0Qo 0000 . 0000 1000 0000 0000 1100
Cecum &) (6) (6) (6} CY] (&) (6)
vacuolization/cytoplasmic/
zhsorptive epithelial cell 000G L0000 3000 4100 00060 Qc00 G000
eelludar infiltration/mucosa 0000 0ooo 41040 2100 1100 2000 2100
Colon (6) - (6) (6) " (6) (0 {0) (0
vacuelization/cytoplasmic/ .
absorptive epithelial cell 0000 6000 1000 1000 ---- - --=-
Rectum (&) (6) (&) (6) (6) (6) (6)
cellular infiltration/mucosa 000 0000 0000 1000 0000 o000 L1000
Liver (6) (6} (6} (6) (6 (® (6)
hypertrophy/hepatocyte/
centrilobular 0o00¢0 ococg 0000 50090 0000 - 000¢C
altered hepatccellular foci 0001 0000 0Q00Q 0000 0000 - == 6000
microgranuiocma 0000 0000 000°0 0000 19000 - 1000
Mesenteric lymph node (6) 6 )] (8 (0) 0 {0)
tingible body macrophage/
paracortical/increased 1000 1000 1000 1100 -- - - ---- ----
Kidney (6 () (0} {6) ()] ()] ()]
basophilic change/proximal tubule/
focal 0000 - -—-- 1000 - ---- -—
Prostate (6) (1) O (6} (0 ® (0
inflammatien 1600 - - - - - - 0000 - e - I
Femxale
No. of animals necropsied . b [ 6 6 6 6 6
fleumn (6) (6) (6 (6) {6) (6} (6)
hyperplasia/villus 0000 0000 0000 3000 0000 0000 2000
Cecum (6) (6) (6) (6) (6) (6) (6)
vacuolization/cytopiasmic/
absorptive epithelial cell 0000 g0090 1000 3200 0000 0000 00040
cellular infiltration/mucosa 0000 0000 1000 2100 2000 1000 2200
Colon 6) {8} (6) (6) {0) (1)) (0)
vacuolization/cytoplasmic/
absorptive epithelial cell 00090 0000 1000 2000 --- - - - - -—-
cellular infiltration/muccsa 0000 0000 1000 2000 --—- -—-=- ----
Rectum (6) (67 1G)] {6} {6) (6) &)
cellular infiltration/mucosa 0000 g000 0000 1000 0000 1000 0000
Liver (6} (6) {6) 6) (6) (o (8)
hypertrophy/hepatocyte/
centrilobular 0000 coo00 0000 5000 0000 -<-- 0000
microgranuloma 0000 coo00 1000 0000 1000 - - - 0000
Thyroid {Parathyroid) &) (n {0 (6 (1)) (@ ()
hyperplasia/follicle cell/diffuse 000 0 0100 - 0000 --=-- ---- ----
Mesenteric lymph node (6) (6) (6) (6} (o (0} (0}
tingible body macrophage/
paracortical/increased 0000 1000 2000 4100 - - .-

1:Slight 2:Mild 3:Moderate P:Present(grading of severity was fiot done, such as case in the neoplastic lesion}
Murnbers in parenthesis indicate Mo. of animals examined microscopically at this site.



BRI EEZ ONS, —F, 15 mg/kgBECIE
BB LN Edol, INLEOERNS, RRBEGT
ICBIT44-F A E R Gtert-7FW-m-7 L/ —N)®
WEE IR & b 15 mg/ke/day L EBA BN,

ik
1) S.C.Gad and C. 8. Well, “Principles and Methods of
Toxicology,” 2, ed. by A. Wallace Haves, Raven
Press, Ltd., New York, 1939, pp. 435-483.

2) 1. R Glaister, “BMHEFOERE,” WEEAER,
V7 M A T2 R, TR, 1992, pp.85-93.
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