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‘ Abstract

Twelve residual pesticides which is applied mainly on the fruits and vegetables cultivation were tested
for mutagenic activity using Salmonella typhimurium. The results were as follows.

1) The pesticides tested — Thalonil, Monopho, Tedion, Danoton, Ometon, Prosing, EPN, Phentoate,
Parathion, Sappiran and Captan—, except Dicofol, showed mutagenic activity. Especially, the pesticides
which activated with S—9 mixture gave strong mutagenic activity.

2) With Salmonella typhimurium TA100, the pesticides Monopho, Parathion and Sappiran showed
mutagenic activity at 0.5 ug/plate; Ometon, 0.01 ul/plate; Thalonil, 0.20 ugfplate; Prosing, 0.20 ul/plate;
Tedion, Danoton and Phentoate, 1.0 ul/plate; and Captan, 1.0 pg/plate.
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3) With Salmonella typhimurium TA98, the pesticide Sappiran showed mutagenic activity at 0.02
ug/plate; Thalonil, 0.05 ug/plate; EPN, 0.05 ul/plate; Phentoate, 0.10 ulfplate; Danoton, 0.50 ul/plate;
Prosing, 0.50 ug/plate; and Tedion and Monopho, 1.0 ul/plate.

4) With Salmonella typhimurium TA1535, The pesticides Captan and Danoton showed mutagenic

activity at 0.10 ug/plate and 0.20 ug/plate, respectively.

5) With Salmonella typhimurium TA1538, The pestides Phentoate showed mutagenic activity at
0.05 ul/plate; Monopho, 0.10 ul/plate; Thalonil, 0.20 ug/plate; and Tedion and EPN, 1.0 ul/plate.
6) The pesticides which commonly showed high mutagenic activity were Thalonil, Phentoate, Para-

thion and Sappiran. The pesticides Ometon and EPN showed mutagenic activity at only TA100 and TA98,

respectively.
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Table 1. The contents of pesticide
residues in fruits and
Vegetables (ppm)

Pesticide - corps

Cirtus Apple
Thalonil 1.905(1.¢) 0.189(1.0)
EPN 0.025(0.1>  0.034(0.1)
Phantoate  0.028(0.2) 0.008(0.2)
Parathion  0.063(0.3) ND* (0.3)
Monopho 0.221(0.2) NA**
Tedion 0.203(2.0) NA
Danoton 0.133(1,0) Na
Ometon 0.253(2,00 NA
Prosting 0.212(2,0) NA
Dicofol 0.078(1.0) 0.097(1.0)
Sappiran 0.049(0.8) 0,026(0.8)
Captan 0.060(5.0) 0.238(5.0)

* ND ,Not detected; == NA Not
analysed;( ), Tolerance, EromKim
et al,(1985): Baik et al(1985) ;
Kwon et al,(1985);Lee & Lee(1984).
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KRBRE i BAANAH oM HAle BRE
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ARAAE HAANZ EHE FERS7I ol
2%t (McCann et al,, 1975a,b), X3t
ekt HilEHe H microsome &4
(liver micromosomal enzyme) & pEBH
S Aol ta EERQ RRBEFE
HEol HA Edte LAYHEE ERBES
BYWER @R T JoBR HIANFE
H gLEFAQA S-9& EASA ol=
#F ot (Aames et al,, 1973 ; Garner et
1., 1972 ; Slater &, 1971; Malling,
1971). O M in vitro A My o2},
in vivo BB WELEWS] L@AdMed K
et FO 4oz, oW FiEHK HHECl
EfRel BikE F EHLE RABRE
doZ F AsA ol i WEEH REE B
B 4 AA =HAd (Ames et al., 1975)

Table 2. The contents of pesticide residues in fruits and vegetables

Pesticide

Corps EPN PAP Parathion
cucumber 0.012(0.1)* 0.024(0.1) 0.028(0.7)
Unripe red peper 0.033(0) 0.006(0) ND**(0.7)
carrot 0.005(0.1) 0.006(0) 0.042(0.7)
Onion 0.007(0.1) 0.004(0) ND (0.7)
Radish Korean 0.005(0) 0.010(0.1) ND (0.7)
Cabbage Korean 0.007(0.1) 0.010(0.2) ND (0.7)
Spinach 0.029(0) (0) ND (0.7)
Tomato ND (0.2) 0.007(0.2) ND (0.3)
Peach 0.298(0.1) 0.012(0.2) 0.063(0.3)
Pear 0.006(0.1) 0.025(0.1) 0.036(0.5)
Crape 0.007(0.1) 0.063(0.1) 0.015(0.5)
* ( ), Tolerance; ** ND, Not detected,

From Rhn et al, (1985) Baik et al. (1985) ;Kwon et al.(1984);Kwon et al.

(1983) :Kim et al. (1985)
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:fii?i Table 4. The group of classification and
amounts of pesticides per plate

1.5 ;i3 Amount
B Group Pesticide pexr
ol fFAS BEI 19 (LBELS plate
Table 37 Zov ENIRAE WFHRRS Thalonil (p§)7)
o ERE ol T MANE HHE popoprt (#8) 1 0.05,0.20,
2 47| Ze wet T oz Uvm Ta- 1 Danoton  (uf) -‘;-(2)0’0-50’
ble 4 9 o] plate™ ££ Al 7}A ometon  (pg) |
R N Prosing (pd)-
BEZ 3N FRsIA
EPN (p)
Phentoate g
2. & 7 #k.— N ] 2 Parathion Ezél; 0.01,0.02,
%@ e EUokKE Dr. Ames 2 FH bicotol  (wg) [0-05:0,50,
Bt S Sgimonella typhimurium LT—2 8 Sappiran (p$) 1.0
histidine auxotrophi 29 4714 Captan (n8)-
#HEol T * amount of pesticides per plate
: . was followed in residues and to-
(1) TA 1535 s  Salmonella lerance level,
o * Dilute with dimethyl sulfoxide
typhimurium LT—2 9] histidine auxo- (DMSO) .

Table 3. Chemical name of pesticides

Common name

Chemical name

Thalonil
EPN
PAP

Parathion
Monopho
Tedion

Danoton

Ometon

Prosing

Sappiran
Dicofol

Captan

Tetrachloroisophthalonitrile

0-Ethyl-0- (4-nitrophenyl)Phenyl phosphonothioate
0,0—Dimethyl—S—(—ethoxycarbOnylbenzy)-phosphorodith~
loate

0,0-Diethyl-0-4-nitrophenyl phosphothioate
o,O-Diethyl-o-(2—methylcarbamoyl-1—methylphospate
4-Chlorophenyl-2,4,5,trichorophenyl sulfonate
2-(1-Methyl-2-propyl)-4,6-dinitrophenyl isopropyl
carbanate

Dimethyl~S- (N-methylcarbamoylmethyl)phosphorothate
Cyano(s—phenoxyphenyl)methyl—4—phosphore—(1—methyle—
thyl)benzeneacetate

4-Chlorophenyl-4-Chlorobenzene sulfonate
2,2,2—Tricloro—1,1-bis—(4—chlorophenyl)—ethanol
N-Trichloromethylthio-1,2 3, 6~tetrahydrophalimide
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(1) Histidine 3 biotin EX##:

Histidine® biotin ERMEL Fig.
13} zrol [E%E st h

(2) Deep rough(rfa)

Deep rough(rfa)Be Fig.2 o} 7to] [
=2

(3) uvrB

wor BE Fig.3 7 ol REs

(4) R-factor

R — factor= Fig.4 9 #of REst
Aok

sk

%€

Spizizen’s medium Minimal plate

|
0.1lmM L-histidine and !
0.5mM biotin

0.1ml

Growth No yrowth
(positive) (negative)

Fig 1. Histidine and biotin requinement
test procedures of strains

Table 5. Gemotype of the TA strains used for mutagenesis testing

Introduced Additional Histidine mutation

R-factor mutation in in strain

pKM 101 LPS Repair HisG 46 HisD 3052
- + hisG46 hisD3052
- rfa /\ uvrB TA 1535 TA 1538
+ rfa A uvrB TA 100 TA 98

Abbreation:LPS, Lipopolysaccharide.

All strains were originally derivated from Salmonella typhimurum LT-2 .
Wildtype genes are indicated by +. The deletion (A) through wsrB also
includes the nitrite reductase and biotion(sio)gene. The rfe mutation el-
eminate the polysaccharide side chine of the LPS that coats the bacterial

surface,
From Ames et al. (1973)
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Add 0.1ml of a fresh overnight cul-
ture to a tube containing 2ml
of melten top agar held at 45T

Mix with vortex mixer for 3 sec,
at low speed.

Pour on a nutrient agar plate,

Tilt and rotate the plate to dist-
ribute the top agar evenly, Pla-
ced it on a level surface and
allow several minutes for the
agar to become firm,

—10p¢ of 1u¢/ml solution of
crystal violet to the center
of sterile paper disc,

Transfer one disc to each of the
seeded plates using sterile
forceps.

\
Press the disc lightly with the
forceps to embed it slightlyin
the overlay 6 taking care not
to move it laterally.

Invert the plate and incubate for
12hrs. at 37c. (A clear zone of
inhibition appear around the
disc indicating the presence
of the rfe¢ mutation which pe-
rmits large molecule such as
crystal violet to enter and
kill the bacteria).

Fig 2. rfa Mutation test procedure of
strains,

Nutrient agar

Place a piece of cardboard over
the uncovered plate so that
half on each bacterial streak
is covered

Irradiate the plate with a 15W
germicidel lamp at a distance
of 33 cm

Non-R-factor
(for 6 sec.)
_

R-Factor
(for 8 sec)

Incubate-the irradiated plates ag
37c for [2-24 hrs,

Fig 3. uvr mutation test procedures of
strains

Streak the cultures across the su-
rface of an ampicillin plate
for confirming the histidine
requirement

Incubate for 12-24 hrs.at 37C

|
H

R-factor

]
Non-R-factor

No growth along
the control str-
eak

growth along
the streak

The absence of zones of inhibition
around the disc indicate res-
istance to ampicillin

Ffg.4, R-factor test procedures of
strains

4., (EFEH 2 S— 9 Mixture2 %Y

(1) #5i R/

* My Y e Maron I Ames
(1983) 2} FHel wet thaa gol  Hmist
=2

(2) S — 9 Mixture %

BSTR Rl M 1987 4E 2 A 4 LS rat
g Ag3taA HaE AF 2009 WHele) ma
le rat & EfFsle] =4 5 HAl 500mg kg
¢] Phenobarbital & 1[@ E7h FAMSH
o Fig.5,67 o] FHE A TH
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Recipes for stock solution and medium

1. Vogel-Bonner Medium E(50x)
Use:Minimal agar

Ingredient Per plate
Warm distilled H,0(45C) 670ml.
Magnesium sulfate (MgSO,-7H,) 109
Citric acid monohydrate 1009
Potassium phosphate, dibasic(anhydrous)(K,HPO,) 5009
Sodium ammonium phosphate(NaHNH; PO, .7H,0) 1759

2. 0.5mM histidine/biotin solution
Use:Mutagenicity assay(add loml to 100ml of top agar)

Ingredient Per 250ml
D-Biotin(F .W.247.3) 30.9mg
L-Histidine .HC1(F W.191.7) 24.0mg
Distilled H,O0 250ml

3. Top agar
Use:Mutagenicity assay

Ingredient Pet liter
Agar 69
Sodium chloride(NacCl) 59
Distilled H,O 1000ml

4 ., Minimal glucose plates
Use:Mutagenicity assay

Ingredient Per liter
Agar 159
Distilled H,O 930ml
50X VB salts 20ml
40 % Glucose 50ml

5. Nutrient agar plates
Use:]1, Tests for genotypes
(1) crystal violet sensitivity(rfa)
(2) UV sensitivity(uvrB)
2. Tests for viability of bacteria
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Ingredient Per liter
Difco bacto nutrient broth 89
NaCl 59
Agar 159
Distilled H,O 1000ml

6. Crystal violet solution(0.1%)
Use:Tests for crystal violet sensitivity(to confirm rfe mutation)

Ingredient Per liter
Crystal violet 0.1g
Distilled H,O 100ml

7. Histidine/biotin plates
Use:Master plates for non-R-factor strains
Tests for histidine requirements

Ingredient Per liter
Agar 159
Distilled H,O 914ml
50X VB salts 20ml
40% Glucose 50ml
Sterile histidine HCI H,0 10ml
(29 per 400ml H,O0)
Sterile 0.5 mM biotin 6ml

8. IM Glucose-6-phosphate
Use:S-9 mix for mutagenicity assay

Ingredient Per 10ml
Glucose-6-phosphate(G-6-P) 2.829
Sterile distilled H,0 10ml

9. S-9 Mix(Rat liver microsomal enzymes -+ cofactors)

Use:Mutagenicity assay

Ingredient Per 50ml
Standard High

Rat liver S-9(phenobarbital-induced) 2.0 ml(4%) 5.0m1(10 %)

MgCl,-KCl salts 1.0 ml 5.0 ml

IM Glucose-6-phosphate 0.25ml 0.25ml

0.1M NADP 2.0 ml 2.0 ml

0 .2M phosphate buffer, pH 7.4 25.0 ml 25,0 ml

Sterile distilled H,O0 19.75ml 16 .75ml
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10. Ampicillin solution(8mg/ml)

Use:Tests of ampicillin resistance

Master plates for R-factor strains

Ingredient Per liter
Ampicillin trihydrate 0.89
Sodium hydroxide(n.02N) 100ml
11, Salt solution(].65M KC1+0.4M MgCl,)

Use:S-9 mix for mutagenicity assay)
Ingredient Per 500ml
Potassium chloride(KCl) 61.59
Magnesium chloride(MgCl, -6H,0) 40.79

to final volume of 500ml

12, 0.2M Sodium phosphate bufer k6 pH7.4

Use:5-9 mix for mutagenicity assay.

Ingredient Per 500ml

0.2M sodium dihydrogen phosphate(NaH,PO, -H,0) 60ml
(13.89/500ml)

0.2M disodium hydrogen phosphate(Na,HPO,) 440ml

(14.29/500ml)

13. 1M NADP solution(Nicotine Adenine Dinucleotide Phosphate)

Use:S-9 mix for mutagenicity assay

Ingredient
NADP(F .W.765.4)
Sterile distilled H,0

Per 5ml

383mg
5ml

Kill the animal by cervical
j dislocation

Place it on its back on an autopsy
board

Secure the feet with pins

Swab the skin wusing sterile poin-
ted scissors or scalpel

Fold back the skin flaps and pin
, then to the autopsy board to
avoid getting fur into the

abdominal cavity
Swab the muscle layer with ethanol

Ccut through this layer with a fre-
sh pair of sterile scissors or
scapel, taking care not to cut
into the esophagus or intestines
as the will result in contamina-
tion of the liver homogenate

Excise the livers

Fig 6. Removal procedures of liver
from rats,
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Prepare stock solution of (.1M
NADP and 1M glucose-6-Phosp-
hate with steile water in ste-
rile tube(store at — 20TC)

Autoclave the stock salt solution
(0.4M MgCl, 1.65M KCI) and ph-
osphate buffer (0.2M,pH7.4)

store in the refrigerator
Freshly prepare S-9 mix each day

Keep on ice several hours befor
use

Fig.6. Preparation procedures of S-9

mix

Table 6. Chemical name of standard
mutagens, and solvents used

Common Chemical

Name Name solvent

MNNG N-Methyl-N- H,O
nitro-N-nitr-
osoguanidine

AAF 2-Acetyla- DMSO*
minofluorence

ornidazole g- Chlorome- DMSO

thyl)-2-methyl-
5-nitroimida-
zole-]-ethanol

* DMSO, Dimethyl sulfoxide

5. RAVE FHME MEHE

RABE FRE BES AmesT (1975)
o kel wel TA 1535, TA1538, TA9S %
Tal00 o Ml el EHkE Sk Fig.
73 e Hroz AlYsa Table 6
of Vel {L&S positive controlzm
EA s Th

Add histidine and biotin to the
top agar

Distribute 2ml of top agar into
capped culture tubes held at
45T in a heating block

le—0.1ml of the tester strains
le—0.1ml or less of the testerchem
ical

lke—0.5ml of S-9

Mix the test compound by vortexing
the soft agar 3 sec. at the
assay

Pour onto a minimal glucose agar plate

Quickly tilt and rotate the uncov-
ered plate

Within an hour the should be inve-
rted and placed in a dark, ven-
ted, 37 C incubator

After 48 hr., count the revertant
colonies on the control plate
and on the test plates

Fig 7. The mutagenicity test procedure

M. & A BE

1. ZE{tEehe RBWR FHK
MNNG ,Ornidazole % AAF= GRS
BEME (5, BRABRE) 2 doid
W olE {LAYE AR FHME KE
EEAEHZ 28 FAH R A
(Ames et al., 1973 b ; Byeon, et al;
1976 a,b; McCann et al.;1975a,b; Bye-
on & Lee, 1979; Yu et al. 1986; McGr
egor, 1978). ol & f{tAWEL ol BE
el S — 9¥RIN of ol wet kel o
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M) 27 W& olE (&%
BEESH S - 9EINA o] wel REES B
el fislel gmRIIded, o2 #ERe
Fig.8,9 ¥ 103 zth

MNNG= TA 1003 TA1535¢] thsl =
S EHEE BYx, o7 S-9& &
g A9l o & BREEE HAh °le
MNNG 7} BAE M RRBREIH TAL00
7 TA 15359 &2 EHES HIH S McCa-
nn g (1976b)2l #Heet 4R A ok
MNNG #EEgol] WE REE: S-9° &K
s A ke A9 MNNGERE 2 pf/pla-

TAI535.5.g

Number of revertant per plate

‘2@—_’4 o, TAl00

sol{ & TOeeaioo
TA1538-5-9

+ TA98-8-9 T
40[‘: Al1535

; TA 98

V- = B A

017248 ' 5 LLEEREER 5

ot 2 5 10

~ ug MNNG per plate

Fig 8. Dose-response of MNNG on TA
strains with and without micro-
somal enzyme activation,

te o]A] TA100 & revertant colony £
F7F 11622 7MY 2 REEE e
AL 10pd/plate A= 84 At} (Fig.8)
I ol&te] pEdME 64 ~80 etk of
£ YuS (1984) ] el A MNNG 1048/
plate FAl TA100°1A 4,000709] re-
vertant colony, 2ug/plateci 18701
olgte #ERTE e W Folth =F
TA1535 o] M = Ames 5 (1973), Byeon 3}
Lee(1979) o] ER#AERET 2& REES
BAvh, BEBEHMEKS TAIS I TALS38
AAM & AR FRIEES YA FUE

6000}—
5000} TA10Q-§-9
4000}
=t TA1535:5-9
S 3000t
g
. 2000
§ @~ ‘,—'Ql
s 1000} OX \
> , \
Q ’ [
~ , \
- 800+ e \
° '/ TA 98:S-9 Y
@ i ‘ TA 531
E 600 8 .
2 1” ’D\\
400_ /' , a \
’ // A‘~_ N ‘\
A o TA98 TR \
2000 /" o/ . qais38-5-9
o _:-._‘A, TA|€33 \ \‘b

o 25 50 75 100
ug Ornidazole per plate
Fig 9. Dose-response of Ornidazole on

TA strains with and without mia-
rosomal enzyme activation,
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H], o]+ McCann % (1975) 3 Yu¥ (1984)
o] @t F Al At

OridazoleX A TA100 3} TA1535 |
A EES JEde BEERNE RRABRE
o]t} (Byeon et al., 1976b). & &l
Me s-9¢& éﬁﬂuﬂ° 7% TA100 T TA
1563504 &2 HEMS BHon] HEBE
HBAFEEK TAIS 3 TALS38 A& R
EE7 A9 gAY vl By =S
(1976 b)e} RS A2 A 3= BEFE
B (Fig.9) 22y S ~9S Hms 3

6000}

5000} TA 98-S-9

4000}

TA 100-5-9

TAI1538-S-9

TA 1535-S-9

Number of revertant per plate

TAI538 TAIQ0

o JE }
sooI oo gt
0 25 50 75 100

ug AAF per plate

Fig 10, Dose-response of AAF on TA
strains with and without micr-
osomal enzyme activation,

-

O

159 #RANE EAEMAIGE W&
BY = watd, & ERAMS
14 e REES Hol: RS AYTh

AP = HEBEE BRERF oS TA
3} TA1538 oA oI § RES Hol:= HE
o|t} (Ames et al., 1973 a ; McGregor,
1978). & #EoIHE S-9¢& WHmsA
9ke A$, TAL00 ot TAIS3RIME A
o] ¥EMS JeElA esto}, 'TAR 4w
380 2] revertantg W o™ S -9 ¥R
1\101]‘:— TA1535 & A|9) & =& FHikel Wil

S REES Bt (Fig.10). &, S-9
—;— wmd A9 TR TA100°ﬂ'\1
p§/plate HMA £4% 6,500 2,700
2 Yelgks TA1538 2 50 ud/plate Fpn
A M=o oz 1,500709 revertant
colony& YER| T (Fig.10).

ol 23 FERE Ames F (1973 b) o}
(1975b) 9] #ERe} X3t A
£ gloy TA100T TAIS38lA RRES
ekl ths "ol e g2 #HRE Rolu
dch,

[o]
o
3%

nkr ‘“‘°

fr

McCann$%

2. REH BRPO B RAPR
R

@® Thalonil: S—9& FiN3MA %S 4
$ TA100 1M & 0.5 pd/plate FinAl 7}
A =t (524), TAIG35 M & 22 EE
A 480)Ath oY S—-9& HMASA
Qo= TA98, TAl00 % TAI538 M & %4
% 1,237(0.0548),710(0.2p4) 2 1,233
(0.2p9)0.2 =gort TA15389M & S-
S mmstAl @g AR ¥e REEES
B} (Table 7). oldzde FERZ Hop
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Thalonil & H w3 ¥ ERVBAMKS A
Yo glen BEBHRERCYS BEBHEC
sttt n A zhE o

@ Monopho: 5-9 & HEMEA &AL A
4, TAl535¢l4 plate™ 0.2pf WHRMA
90, 1.0 uf #HIIA 34 2 HERA ¥HH S-9
< KM & B¢, TAY, TAI00 R TA
1538 ol A &4 1,737(1.0p4),1,260(0.05
pe) 2 1,783(0.1p4) 02 EA Yo
v TALS38 oA & e RES 2olA &%
t}.(Table 8)

o] g2l #5RelAx Manopho & H7|A %5
< Ad Woldloz AGEH"  AAF FF
E2 EHAANAS A HEERD BREE
< Addn Mz,

® Tedion: S—9& Hm3kA && A$
TA98, TA100, TA1535, TA1538 2} U gkel

N £4% 49(0.2p¢/plate) ,31(0.2 uf),
295(1.0p4) 2 66(0.1p4) o & ¥imzy ¥
o BpES 22 v, S-9& AMAS A
%, TA98 ¥} TAL00 olA &% 2,000(0.5
p8),9,900(1.0 p£) 0.2 433 FAXoUTA

15359 TA15380lA & Hlma w@kch
(Table 9)  ol4te]l #HRlA Tedion &
S—9 o2 EMMAAMNAE W Plasmid pKM
101-& BAT @M & BRES 2
=tz gaE,

@ Danoton: $-9 JE¥inA], TAI00 =
TA1535 oAl £ 4 436(0.5u¢/plate)s} 148
(0.2p2£)2 VEbdont ojejel BmEAME
719 REEES HolA gtk whA s -9
ZnAl TA100 6lM plate™d 0.5p42] fk
&%) sl 2,000, 100 pgolA 4,810 o2
YeEdou HAth gEEelM = Rl gAY

Table 7. Dose-response of Thalonil on TV strains wity and without microsomal enzyme
activation(number of rever tant per plate.)

Amount Strain
plate S—-9
TA 98 TA 1538 TA 100 TA 1535
0.05 48 + 1,237 53 261 0
' - 0 0 241 18
+ 1,017 883 560 23
0.10p4
- 134 0 292 20
+ 897 1,233 710 15
0.20u9
- 111 0 306 38
0.50 9 + 653 0 610 0
) - 19 0 524 48
1.0 49 -+ 117 0 361 0
‘ - 7 0 39 11

Spontaneous revertants were subtracted.
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Table 8. Dose-response of Monopho on TA strains with and without microsomal enzyme
activation{number of revertant per plate)

Amount/ s g Strain
plate : TA 98 TA 1538 TA 100 TA 1535
-+ 687 523 1,260 0
0.05
- 0 0 36 21
+ 737 1,783 560 0
0.10 pé
- 0 0 163 22
+ 1,077 733 411 0
0.20 wg
- 0 9 536 34
+ 1,187 586 311 0
0.50 pg
= 0 11 562 90
+ 1,737 481 210
1.0 pt
- 0 32 5

Spontaneous revertants were subtracted

Table 9. Dose-response of Tedion on TA strains with and without microsomal enzyme
activation(number of rever tant per plate).

Amount/ s—o Strain
plate TA 98 TA 1538 TA 100 TA 1535
0.50 ug + 677 0 610 0
- 0 32 0 7
0.10 ug + 1,493 7 710 0
- 17 66 0 7
0.20 3 + 1,800 23 910 7
- 49 0 31 20
+ 2,000 41 4,900 18
0.50 p3 - 38 0 26 22
+ 4,937 483 9,900 12
1.0 n8 - 0 0 0 259

Spontaneous revertants were subtracted.
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wiotoh (Table 10) wlalx] Danotong S-
9o FHMEMAANELE 9 plasmid pKMIolL
& WA @M = HRES ZE A
o2 #HaFEh

® Ometon: S-9& ¥KsA ke AL
TA100 oA A RRES Holx ¢o uy
S—9& wmMAE 49, TAI0A 490
(1.opé/plate) o2 7} =& EMS B
R, TABOIAME 0.5p4(128) oA FEMS
BRou 7ete] FolAM ofF de EMS
Uepd ot (Table 11), meld Ometone ¢
N3 @5 AYUE Holgdoz oy S—
902 EHEAHANE A dle Fa ssmes

AdE &+ Ak,

5-9& HmstA k% A9
plate T 0.10 pf(109)4 EH S BA o
U 718 gkl e we EmHS By

@ Prosing :

v, S—-9& RmE B§, TA9gE TA
10 1A &4 0.5 pg(670), 0.2p9(283),
Al EES 2oy, TA15359F TA1538
M &kl A9 gt (Table 12). w}
2t Prosing & MWtz og #RfE UL
= € & UAAgTh

@ EPN:S-92 imska &% 4% =»
= EHAM ol A9 gl HAE
2EFEA S -9& Hmste EMEAES
o TA98 At REMEMS leEluigich
(Table 13) wetr] EPNS 4ERfES] o
efstttn WEL} Fxo)FAwo)l o A
€ A AEZF E3da Az,

® Phentoate : S—9-& WHKmadlA gk
= A9 s TAL0E HT BE kel
M OENES JERA g9t S-9o0m E
A RS wls, TA9S, TAI538 2 TAL00

Table 10. Dose-response of Danoton on TA strains with and without microsomal enzyme
activation(number of rever tant per plate).

Amount/ 5o Strain
plate TA 98 TA 1538 TA 100 TA 1535
+ 1,437 0 261 0
0.05 pug 3 0 . 0 1
+ 1,500 14 410 0
0-10 18 - 0 0 0 27
+ 1,700 0 500 0
0.20 44
- 0 7 0 148
+ 2,000 0 900 0
0.50 u4
- 0 6 436 12
+ 1,230 0 4,910 42
1.0 p8
- 0 0 0 4

Spontaneous revertants were subtracted.
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Table 11, Dose-response of Ometon on TA strans with and wihout microsomal enzyme
activation{unmber of revertant per plate).

Amount/ s_9 Strain
plate ) TA 98 TA 1538 TA 100 TA 1535
+ 5 0 1,023 33
0.05 pf
- 0 0 36 34
+ 91 31 4,890 16
0.10 p¢
- 0 1 59 36
+ 112 38 1,910 14
0.20 p¢
- 0 3 78 16
+ 128 25 1,660 8
0.50 uf
- 0 13 103 10
+ 77 21 490 0
1.0 pb
- 0 0 47 7

Spontaneous revertants were subtracted.

Table 12, Dose-response of Prosing on TA strains with and without microsomal enzyme
activation(number of revertant per plate),

Amount/ s_o Strain
plate TA 98 TA 1538 TA 100 TA 1535
+ 7 0 63 0
0.05 pg
- 0 1 18 13
T 10 31 118 0
0.10 pg
- 1 0 109 35
+ 424 38 283 11
0.20 pd
- 0 0 107 15
+ 670 25 180 17
0.50 pd
- 0 0 102 15
+ 20 21 131 32
1.0 ¢&
- 0 0 63 28

Spontaneous revertants were subtracted.
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Table 13. Dose-response of EPN on TA sirains with and without microsomal enzyme
activation(number of revertant per plate).

Amount/ S—9 Stain
plate TA 95 TA 1538 TA 100 TA 1535
+ 168 0 12 4
0.01 £ 3 0 0 0 3
+ 423 49 30 22
0.02 uf 3 0 0 0 .
+ 440 69 32 20
0.05 ut - 0 0 0 18
+ 90 99 0 19
0.10 ¢4 B 0 0 o .
+ 83 180 12 11
0.1 pf _ 0 0 0 1

Spontaneous revertants were subtracted,

Table 14, Dose-response of Phentoate on TA strains with ant without microsoma |

enzyme activation(number of revertant per plate).

Amount/ S—g Strain
plate TA 98 TA 1538 TA 100 TA 1535
+ 16 7 56 31
0.01 p£
- 0 0 0 0
+ 175 122 82 27
0.02 ut
- 0 0 5 1
+ 199 142 90 25
0.05 pf
- 0 0 26 0
+ 540 137 150 15
0.10 ue
- 0 0 32 8
+ 210 100 494 6
1.0 nl
- 0 0 152 97

Spontaneous revertants were subtracted.
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A i EHS By oy (Table 14), %
RBRFBEES HE £ v o A2
go Aoz Hoo

(® Parathion : S—9& ¥WnstA] &t

73% RE %ﬁwﬂﬁ B UEA o
%o} & A A, TAIANA
L EHS E“—b 1] (0.01 p§/platecir
820, 0.50 pd/plate ol A 910), ol 24 Tt}
A TFxolFA BRARMES ztevin A A
(Table 15).

@ Dicofol : S—902 HEMEAANAL
A% Aol REpEME (0.05u9/plate ¥R NAI
126) & H¥-S ¥ Table |6olX Hiwlet
Zo] 2RBEe] EE EHlA 5370 o3}
o] AMFAEAH A7t ELytcl (Table
1p¢9/plate o] 3}
RBRBREC] Ple AER

rE- 32 o

16). o] 28 Dicofol &
o] BEAAM =

@ Sappiran : S —9& HiNdA &%
< AS, EE %ﬁi"ﬂ’ﬂ EHg HolA &

gtovt, S—9& AHmil e A5, TA o
e H 5o ?ﬁﬁ% Heln, TAL1004 &
2l v Em4e Yehigld (Table 17).

o]24 Sappirang @7|X #4 WolFHTh
Tzo)5A WHolsel %3 Aoz TukEith

@ Captan : TA100  TA15350014 2ZE
HFEAE Blow o gEmppErol 1 fnol ot
2t BREE7L Zsste 2% 2o v
TA98 #} TA1538 A& Aol Mol X
o]z ¢kgkr} (Table 18).

ol K B /XS Adun A
7rs} o] McCann 5 (1975b)2) Rl & ¢
%) &t ot

Table 15. Dose-response of Parathion on TA strains with and wi thout microsomal
enzyme activation(number of revertant per plate).

Amount/ s _g Strain
plate TA 98 TA 1538 TA 100 TA 1535
+ 820 0 4 0
0.01 14
- 0 0 2 9
+ 290 0 130 23
0.02 ¢&
- 0 0 5 10
+ 14 24
0.05 u8 910 0 5
- 0 0 16 10
+
0.10 pg 0 0 22 27
- 0 0 52 12
+ 7 80
0.1 p& 0 0
- 0 0 13 22

Spontaneous revertants wear subtracted.
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Table 16, Dose-response of Dicofol on TA strains with and without microsomal enzyme
activation (unmber of revertant per plate),

Amount/ s _ 9 Strain
plate TA 98 TA 1538 TA 100 TA 1535
+ 7 49 4 24
0.01 u& B 0 0 5 0
+ 19 0 22 17
0.02 8 - 0 0 5 0
+ 10 0 26 14
0.05 #d 0 0 16 0
+ 12 0 53 13
0.-10 n8 - 0 0 52 0
+ 6 0 5 12
1.0 nd - 0 13 0

Spontaneous revertants were subtracted.

Table 17. Dose-response of Sappiran on TA straint with and wi thout microsom | enzyme
activation(unmber of revertant per plate).

Amount / s—_g Strain
plate TA 98 TA 1538 TA 100 TA 1535
o TR
0.02 49 + 1,210 15 195 *21
- 0 0 87 10
0.05 pg + 840 48 295 18
- 0 0 94 17
0.10 pg + 790 0 118 15
- 0 0 94 39
1.0 p9 + g 0 24 19
- 0 10 96 6

Spontaneous revertants were subtracted.
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Table 18. Dose-response of Captan on TA strains with and wi thout microsomal enzyme
activation(number of revertant per plate).

Amount/ S_g Strain

plate TA 98 TA 1538 TA 100 TA 1535
+ 2 0 4 2

0.01 pg
- 0 0 52 0
0.02 ug + 11 0 250 6
e - 0 0 61 0
+ 22 16 490 7

0.05 ug
— 0 2 202 148
-+ 21 34 540 17

0.10 p&
— 8 8 0 180
: + 86 0 2,700 168

1.0 p&
- 0 9 0 0

Spontaneous revertants were subtracted.

= #

Saimonella typhimurium S ©]-838l= Ames
Fik (1973) ol whe} BEE Aol ol A}
€5 1249 g% dote] RRABR F
BHS BEY BRE A oS3 2
=2

1) BEd 2 12fd o ERER
FREe Dicofol & A|o§ 11M9] £
oA ettt &3 HZF EFFEEG-I
mixture) 2 JEMIEAIR S o BT KRB
£ FRES B2ATH

2) ERBR FRHES TOSH Zol H5H
g F AU

D & FEE RAHA 128 giEe] %
PR EREMS Salmonella typhimurium TA

100 lA] EPN#} Dicofol g AHl&3 10#
ol mamolA mEMHS Jdehlgen &3
S—9 mixture 2 JEM L AR S APl
wmE RENS Rt & g% M
& RE4S JeEd 2385 BEE B2,
Thalonil & 0,2p¢/plate(710), Monopho
£ 0.05p4¢/plate(1,260), Tedion-2 1.0
p¢/plate(9,900), Danoton& 1.0us/
plate(4,910), Ometon& 0,10p¢/plate
(4,980),prosing-& 0,20u4/plate(283),
Phentoate &= 1,0p4/plate(494), Para-
thione 0,05p¢/plate(145), Sappiran
& 0.05p4/plate(295) ¢ Captan-g&
1,014/plate(2,700) ] At

@ Saimonella typhimurium TAIS ol A
L Dicofol # Captang A3 105E<]

ol

o
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BN REMNS RAT. &£ g% J1F
T2 RENS JEhd RE5 BES 2Y,
Thalonil-& 0,05p4¢/plate(1,237),
Monopho = 1,0p¢/plate(l,737),Tedion
2 1.0p¢/plate(4,937) Danoton& 0.5
pé/plate(2,000), Ometon& 0,10p¢ /
plate(112), Prosing2 0,50pu9/plate
(670), EPN-2 0,05u¢/plate(440),
Phentoate = 0.01x¢/plate(540), Par-
athion& 0,054¢/plate(910) ¥ Sapp-
irang 0,02p4¢/plate(1,210) oIl o},
TA 1535
TA1538 A= TAL100 7} TAY8 ol vl oj
Adoz e REHS JEMIAEY, Ta
1635914 &= Canotono] 0, 2u¢/plate
(148), Tediono] 1, 0p¢/plate(295) =
0.1x4/plate(170) o1 =, TA
1538 o4& Thalonil 0,244 /plate
(1,233), Monopho 7} 0,1p¢/plate
(1,783), Tediono] 1,0u¢/plate(483),
EPNo] 1,0px¢/plate(180) 2 Phentoate
7} 0,054 /plate(142) o1 ch.

3) Salmonella typhimurium TAI00 ¥} TA
98°lM HiEMoR FS RENS Hol:
%S Thalonil, Monopho, Tedion,

® Salmonella typhimurium

Captan o]

Danoton, Prosing, Phentoate,K Para-
thion 9 Sappirano}gjt} Ometon &
TAJ00, EPN2 TA98 Mut E#S BT}

4) Dicofol & A9F 11#e ol
REE 85t REE 2 A2 Al
she e REHEE ME) o ww
H gtog oo dadE e W
sojok dttm Azt o
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