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Mutagenicity Tests on Organic Chemical Contaminants in City Water and Related Compounds

II. Chromosome Aberration Tests in Cultured Mammalian Cells

Toshio Soruni, Makoto HavasHi, Atsuko MATsUOKA, Minoru Sawapa,

Midori HatAanaxa and Motoi ISHIDATE, Jr.

The clastogenic potential of organic chemical contaminants in city water and related compounds was
examined using Chinese hamster cells (CHL) in culture.  Out of 25 chemicals tested without a metabolic
activation systern, two chemicals, acrylonitrile and acrylamide, significantly induced chromosome aber-

By the metabolic activation system, 27 chemicals were tested, and 5 of them, anthracene, pyrene,
Two chemi-

‘14'7‘-[!?"'7""‘”"“ Py N

N S

o
in oo

rations.
acetophenone, biphenyl and 1,2-dichloroethane:, were positive only in the presence of S9 mix.
cals, acrylonitrile and acrylamide, were also positive both with and without 89 mix. One chemical, benz-
Other chemicals showed no significant increase in

aldehyde, was positive only in the abscnce of S9 mix.
In summary, out of 32

the incidence of chromosome aberrations when used with and without 89 mix.
chemicals examined with or without the metabolic activation system, 8 chemicals were positive in the pre-
sence andfor absence of 89 mix.

(Received May 31, 1985)
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Table 2. Chromosome aberration tests in cultured Chinese hamster cells {Direct mecthod) (1982)

1t cellst  Judge
Total

cse

_Freauepcy (%) ¢ r
ctg cib cte csb

¢4

fose Treatment Polyploid

(mg/mt) time (h)

Solvent

Compound
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Table 3.

(continued)

Compound Sotvent Dose Treatment Polyploid Freguency (X) of aberrant cellst Judge
Cog/al) time () (D ctg ctb cte c¢sb cse total
Di(2-ethylhexyi)- OMSD 0 24 0.0 1.0 0.0 0.0 0.0 0.0 1.0
phthalate 0.0625 24 1.0 0.0 0.0 0.0 0.0 0.0 0.0 -
0.125 24 2.0 0.0 0.0 0.0 0.6 0.0 0.0 -
0.25 24 0.0 9.0 0.0 0.0 0.0 0.0 0.0 -
0 48 1.0 1.0 0.0 0.0 0.0 0.0 [.0
0.0625 48 2.0 0.0 0.0 D.0O 0.0 0.0 0.0 -
0.125 a3 0.0 1.0 0.0 0.0 0.0 0.0 1.0 -
0.25 418 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
$,TOX,NM. See the foot-notes in Table 1.
TR BEPRBIT OV TITL, REGES ¢+, 7 (cg), RTRLAMN, —SI OiERERULBERBATSH-

Hule 5y thEMR (ctb), Hufh gy (ke (cte), Hefafd Gk
(csb), R e (cse) i Y OMBRT Y 2@
WBBEYER L. 26K, WIFhroEERHEY
AL ES > REMROMBEMEE YRS L L3I, &
@O RME L L L. HMTIRE AR
BREL S ZRBYEE (-), SBULI0% K Y
BRBH (), 10U ERBB# (+) &L HEN
BRI > B, BEREYESL C, BE
EREBOE L.

] H

I HB%

RBEEA R T VCEEED £ % Table 13
IR, 19BIEEDIHE D ik (280 chlordane
DRYETET) D5, acrylonitrile 13 0.02 mg/ml
¢, acrylamide {3 0.15 mg/ml [ FCHBH L HEIN
7oy, o S Th LR TH - 7o (Table 1),
19824E Y 6 /IO Kk (3 8 trichlorobenzene o
BitfE, 280 menthol OREME ¥ &) oW T
BHETRH LD, WIhtBEORBRRILRbS T
fh (Table ), BEJMAAREYERTHHERL L
felev b L ¥ S hic, 1983EED BHEORE
(2 fa o dichloroethanc @ FM: 4 4 1) b HEEY TiL
Wt b B R R A R X 70 - 7o (Table 3).

2. RMEHELE

RAHEHEALE X Bf5R % Table 4~6 IR T. &
FAERD S ORKBEITIS %L L, S9mix OFK
W, FEMZ b b T AEREIL 6B L
18IEFEDRED 5%, a- 35 L ¢ y-chlordane 1%
ERDIPIL D > 21D EBRILT B2 b o ke, Acryloni-
trile Jo t ¢F acrylamide (TR BEE & A —S9 TH
BEOKRY R L, HERUENTH2EORE
DRBETHot. i, WERET 59 TLBHOK

 REERNERDBLEEOHLEL b

¢ (Table 4). —7, anthracene ¥ X ¥ pyrene i3
+S9 O OLBHEOFERELRL, Lab, MK
FERHRLBME SEAT D> LML, REOHBA
EIIARABERFEILOR T &, o
5 AT RBIEMALIC X > T REGREZ R
B iuie ot (Table 4).
RMFBEALETD SO OBRKEBEIS ZCLTHS
M, Theirr20% ¥ CHinxes s, 1, 1-dichlo-
rocthylene 2IREGBRHYFRTEI LS UHL
Acrylonitrile T{, BEOMBBRENZ D L o2,
trichloroethylene, tetrachlorocthylene, 1,1, I-trichlo-
roethane, carbon tetrachloride T3 59 %4 %% n
LCLRE B RROEBRED bRl - f 1 1=
dichloroethylene O Yues 6 REFHEIEED FERIZ DT
O RED FERI L

19825 B D 10RO B DS Ry Table 5 ©iR$
Benzaldehyde 13 —89 OB OKEREYRL, +59
TIREBEOBBCLEE Y, L bMEAKESHREL
SETFOBAY R L . —7, acctophenone % X
¥ biphenyl 3 +59 OB OLIBHOKEYRL,
ek,
benzy! cyanide 35 X U¥ naphthalene (I +59 DOz
BREBECRBI L EEE ol o5 &
HuTh b REERAFEREEIEDO A, -1
Table 6 1983EBEDKEREYTT. 8HME (280D
dichloroethane D REE A & 1) 05+ 1, 2-dichlo-
rocthane DL +S9 DO RAKREES
BARL, Lrb, BECKRFLTCREHEE, HmL
fo. =59 ORIRERETO X #)RE MR EIN
Licsy, BEMoRBIC s ¥ - o 1, 2-dichlore-
ethane O RMHECH 5 1, 1-dichloroethane (T3 &
BEYERE T, dRRBEL L2- X 0Hr-1
o 6 Bk TR LBEOR R YR
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Table 4. (continued)

Compound Solvenl S99  Dose Polyploid _ Frequency (¥) of a*chr_a ni ce)lst  Judge
(np/ml) (X ctg ctb  cte tolal
Acrylamide Satine - 0 3.0 2.0 1.0 1.0 0.0 0.0 3.0
- 0.13 0.0 1.0 4.0 0.0 0.0 0.0 4.0 -
- 0.25 1.0 2.0 2.0 0.0 0.0 0.0 3.0 -
- 0.5 1.0 13.0 18.0 9.0 0.0 0.0 28.0 +
- 1.0 0.0 47.0 70.0 46.0 0.0 1.0 95.0 +
+ Q 0.0 3.0 0.0 0.0 0.0 0.0 3.0
+ 0.13 i.0 2.0 0.0 1.0 0.0 0.0 3.0 -
+ 0.25 4.0 3.0 0.0 1.0 0.0 o0.0 4.0 -
+ 0.5 0.0 8.¢ 10.0 8.0 0.0 0.0 20.0 +
+ 1.0 0.0 38.6 70.0 47.0 4.0 0.0 100.0 +
Anthracene DMS0 - )] 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- Q.01 0.0 0.0 0.0 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 0.6 0.0 0.0 0.0 0.0 0.0 -
- 0.025 g.0 1.0 0.0 0.0 0.0 0.0 1.0 -
+ 0 1.0 0.0 0.0 o0.¢ 0.0 0.0 0.0
+ 0.0t 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 S
+ 0.02 1.0 4.0 7.0 9.0 0.0 0.0 14.0 +
Pyrene DMSO - 0 0.0 0.6 0.0 0.0 0.0 0.0 0.0
- 0.005 2.0 20 20 1.0 0.0 0.0 4.0 -
- 0.01 1.0 2.0 0.0 0.0 0.0 0.0 2.0 -
- 0.015 1.0 (.0 0.0 1.0 0.0 0.0 2.0 -
- 0.02 1.0 1.0 0.0 0.0 0.0 0.0 1.0 -
+ 0 {.0 0.0. 0.0 0.0 0.0 0.0 0.0
+ 0.005 1.0 1.0 2.0 1.0 0.0 0.0 3.0 —
+ 0.01 3.0 15.0 13.0 10.0 0.0 0.9 24.0 +
% See the foot-notes in Tabie i.
+ e WAL ENTL 3. L, AREE SV TIRE
A R RBET58EL H P, SHREACRHTILE
19814E R D1 BEF O Kk D 5 B acrylonitrile & acryl- Nh5s.
amide JEEE CHEOKRAB O R —F, - 1‘4MMmemcu*ﬂ%@ﬁ#®ﬁwﬁﬁm
AEXFHIZL S Ames BB T acrylonitrile 38 & (5% S9) TR TH- 128, S OEE S LT

BEEA LT - ol (159 ROZBROER\WE
ShTwa®. XWRO ERMEC L5 PR
RTY +89 TRME Lico e, FORBERDR
X —S3 DI LABECH -7 “hbOERIINE
WCORKRERER L SABDMII TORMBIERES
RETREORFBMETFORBN DD L iE 2
bhz. ok, BABDBIRKC X 2GS R
2B, SHRZRERRRIES\THEARRO DK
REAGEFRCBIEERI M REE R T2,
Anthracene & pyrenc it +89 DEIZO & Bt
KRB N7, Anthracene OYANK X 5 TRE
BRECI—RCREORBEABE IR TLE2, i
DEBIEHDER S 2R, YR pyrene TiRHEN
BECEENHEIR TV 2D, 1L, —fvei
REERCOFRCO2HLLTERE L oY

DLER I > THRAOUKREIERE L 12¥. ERir
BMAEWCT L HERFHSBR CLARBIEE(E LT
BHOBENBEIhTH h®, XL, BB
EERTOMHRPEIEXRABRTL +S% OBFIZE
EEHEZRTY HP. 221, = v AR B/MER
BRTHREDHRLIL-TH DY, AR TOERR
Freoun Tl ELIEHHCRNT X THs.
1982 DIRED—D>TH S biphenyl 13 44
I HRRERIAR S L OHATDISRMRIC X 2 e
GRERR (EEER CHIIBEHOBEENBLAL.
Fard=—XennrAg— R (Don) Lol
BEHEREE IUCHKRES AR (SCE) RBETLR
HoKBRIBEIRTED®, X4, V7 v .ena
# #— (BHKZD) it X s @l HERAR C LB D
HRTH-1V. —77, KRR TORBESEELL
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Chromosome aberration tests in cultured Chinesec hamster cells (Metabolic activation

method) (1982)

Table 5.
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Table 5. (continued)
Compound Solvent S9 Dose Polyploid PrgqugngLKZLof aberrant cetlst Judge
(og/m)) () ctg clb cte csb cse  total
Biphenyl DMSO - 0 0.0 ¢.0 0.6 0.0 0.0 0.0 0.0
- 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
- 0.015 0.0 1.0 0.0 0.6 0.0 0.0 1.0 -
- 0.02 1.0 0.0 0.0 0.6 0.0 0.0 0.0 -
+ 0 1.0 1.0 0.0 1.0 0.0 0.0 2.0
+ 0.0] 4.0 2.0 0.0 3.0 0.0 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 0.0 0.0 51.0 +
pibenzofuran DMSO - 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- 0.025 0.0 0.0 1.0 0.0 0.0 0.0 1.0 -
- 0.05 0.0 t.0 0.0 0.0 0.0 0.0 1.0
- 0-1 0.0 2.0 0.0 0.0 0.0 0.0 2.0 -
+ 0 1.0 1.0 0.0 1.0 0.0 0.0 2.0
+ 0.025 0.0 1.0 0.0 0.0 0.0 0.0 1.0 -
+ 0.05 1.0 0.0 0.0 1.0 0.0 0.0 1.0 -
+ 0.1 0.0 0.6 0.0 1.0 0.0 0.0 1.0 -
- Menthol DHSO - 0 0.0 1.0 0.0 0.0 0.0 0.0 1.0
0.1 0.0 0.0 0.6 0.0 0.0 0.0 4.0 -
- 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
+ 0 1.0 1.0 0.0 0.0 0.0 0.0 1.0
+ 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
+ 0.2 0.0 0.0 0.0 1.0 0.0 0.0 1.0 -
+ 0.3 0.0 0.0 0.0 1.0 0.0 0.0 1.0 -~

% See the foot-notes in Table (.

AREARERAE T S9mix HENT5EBLMT
BEGRBFRELSZDS h TH D, biphenyl DR
BEHOPIZPOEEREERDESFTIRTVSHD
EEZLRE.

19834FEE O 8 Mefhic DU T ORI T s R4k
REARBROERY, yArei WY M5 Ames |
ROKERLF—THot. 2% Y, 1, 2-dichloroetha-
ne DANRBIEME CHBEOK R LTL, iy
_XCBETH- 7.

Cis-1, 2-dichloroethylenc @ Saccharomyces cerevisiae
I AEREEAR HERR, BETERRERRE,
REFERAR) Tt SO oitE, ERETEAND
57, BREOKENHEI A T 5P, F1, dibu
tylphthalate @ 8. corevisiar & Y % TR FHEARY,
BRI X A ROLREARS L CEKRESH K
RAB'CORETH, BHEOKEFIRIR T b,
IhOOREREFRBRL KL TS,

Di (2~-ethyhexyl) phthalate j3. NTP (National Toxi-
cology Program) DSRRTREEN KIS hI'VH,
ERFEHARTE, 9 AL IBEBHARS TH
W&l stie SO RBRLTY, invie DFERJT
EABIEHIE K b 5 Ty 50, DiQ-cthythexyl)
phthalate Dk M4 CH 5 monocthylhexylphtha-

late i3, EWIHKRPOESETRYED SVH, REFER
HERBE L TRT L 5D 519, Di(2-cthylhexyl)
phthalate {3 S9mix ThAKZEIhILLP o8, K
HROBPEFRBRARTOEHERb L D L2
Lhb.

ZhE CHEEEDSVGRRMERLEO VT hF
KT, AEDOILAYIC O TREERES
St A RET LT 27003, 8o kA4 (acrylonitrile,
acrylamide, anthracene, acetophenone, pyrene, biphe-
nyl, 1, 2-dichloroethane, benzaldchyde) 3% S9 mix 3t
FETHHVRAERFTCHBEL no o, 19845 L
b3 X X ABAKBERCEHE &£ OBELEHIC
WTBRBXT->TH D, ThOLOERECOVTHE-
THHETHTETHS.

X Ak

1) Ishidate, M., Jr. and S. Odashima: Mutat. Res.,
48, 337 (1977)

2) WA BER, BEEF: REERFERER, S 4

(1984)
) RE B, AXESH A & BREERFH
gp: 6, 149 (1984)

4) JARC Monographs on the Evaluation of the Car-
cinogenic Risk of Chemicals to Humans, 19, 84
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Table 22.

Compound:
Reference
1,2,3-
1,2,4-TCB
1,3,5-TCB
(>99%)

Coté et al.
(1988)

Resultsd

no clinica.
high-dose 1
male contra
significant
10 or 1000 ;
exposed to

Toxicity of chlorobenzenes after long-term exposures

Species?

Sprague-Dawvley
rat
(weanling) ;

5 animals each
sex/group

bDoseb-c

o, 1, 10,
100, 1000
mg/ kg diet
mixed with
corn 0il in
the diet

13 WYY

L _gmarlcant

(males: O,
0.07-0.08,
0.78-0.81,
7.6-7.8,
78-82 mg/kg
per day:

females: O,
0.11-0.13,
1.3-1.5,
12-17,
101-146
ng/kg per
day)

Effect Levels®

1,2
7.7
1,2,
7.8
1,3

3,-TCB:

mg/kg per day:
4-TCB:

mg/ kg per day:;
,5-TCB:

r

7.6 mg/kg per

increase 1in _.,ouay welight ratios in males (NOAEL)
expoged to high dose of all 3 TCB3:; significant
increase in serum AH {males) and APDM (both sexes)
in animals exposed to 1000 mg 1,2,4-TCB/Kky:
"gualitatively sSimilar” changes, mild to moderate
(all TCB isomers) observed in the liver, thyroid,
and kidney, significant at high-dose levels only and
more severe in males; histopathological changes
include: liver: mild to moderate increase in
cytoplasmic volume and anisckaryosis of hepatocytes;
all isomers produced fatty infiltration-most severe
at 1000 mg 1,2,4-TCB/kg: thyroid: mild to moderate
changes (high-dose groups) including reduction in
follicular size, increased epithelial height and
reduced colloid density; kidney: moderate changes in
the convpluted tubules of males exposed to 1000 mg
1,3,5-TCB/kg
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