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F& Bl syso] 9)x %E bisphenol A ¥ phthalateso] st £ 3
He A =S

bisphenol A& fro}b-&3W /S HES 25 A% &7 AFEHI e
o, A &R Y ZEA, HFZ4L EE XAE AsEk AMEHI Ed, T
= EPA A<= AE2d3 bioassayollA A
(probable) EDCsZ & %332 ¢lth phthalatess 2E Zgt2Elo] HrlyHes 23
22 7= EPACl A= DEHP o disted= 3¢ EDCs 2 1A phthalates =
945 =(suspected) EDCsZ £7/F3F32 vl (FAA 20000 svH WWE A= o
2 AT ZIE vy OS2 bisphenol AE # ¥ (known) EDCs & /3l =
AAA] Fel 7t dastvar A skl ATHWWE 2000).

L &<t hisphenol A= AWk o 4hfA HAoM duinkie] d(part per

X
o
2
D3
ofo
o
e
lo
N
rir
Ho
18
rot

million, ]} ppm) FE FEelA HPLC WHom 24 a7k A==k 44
2 9®9) B bisphenol A el HEAAMAN HEG/ZTH G5
71%0] 25 ppmi a4 oM, webd HFEe B9 01 ppm FEF AF
dghom AAste] Agehs AThGFORR, 1999 REE, 1998). e} e
ARGt waste] JREH O ou) gl BAo] o] Fojx] fshel

w9 A(part per billion, ©]3 pph) HE ppt T FF9 =Ho] sl ok

O

—_

2

rd
=

#Aret dedo] v JtaARvtEIH Y -AFEA 7] (Gas  Chromatography -

Mass Selective Detector, ©]8F GC/MSD), A Z2v&E 73y -4 FEA 7] (Liquid

Chromatography-Mass Selective Detector, ©]sF LC/MSD)E o]-&3t FA53w 7]
g B oA AR gt

PEED '98" 3 = @7 dy-ele] Whin|

A, ppt£7= 9] hisphenol AS 243517 84 LC/MSD, GC/MSD 2319
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1. &#nA 2 s=23¥9 75

& A(Z22A4Dsd A 44, A4, 24, 945 T #Adste= % &
2ES A WEeE B or A H(gland), EEE(hormones), XA A F(target
cel) 5 37HA HZo2 Yozt diEv]d(Rowsi) o258 A4k s1eh4

Azl e vbA FAVE A o] e Fi AWE c@sty x40

Aa e, o]ge Z7] FAE 2EES EHshal v
21 A



Pml
y,,,,, Male Reproduckin
T&slu ""

Fig. 1 Some Important glands, organs, and tissues sending or

receiving hormonal messages in the human body (Colborn et al, 1996)

Fe), 2R sxe AL ¥ uldgd )& ASSHE-(Hypothalamus) 2=
A AFEY, ZE YEH ] HS AR fr|HoR ddro] dds o] g2
ok = 28l o] Aol WAl T EHEo| 7}

A= -8 well o] de st =W, o 7HA ARE EAAZ



2. EDCs® & 2 #Agds)

A WERA FelE doZd ¢ dva FAHE 2Re 4% AP EET

22(dE e, &4 2 AxA 9 R, #UIsEEF, 2489 dolsal

o

[>
fm
fri
2
5
=
«
g
5
=
Q
[i;]
@]
2
ol
1o
fol
[rif
i
Ho
>
i
fix

¥, A=dd EA4s= A=4d

HE, AEDNE 52 5 5 AUtk
WWF E=dl= 675 (F)9 sstEdo] Aol 31om, H= Illinois EPA=
73E(F), €8 FAPA(FHIGFATALAT DM A& =, ofokE,
A ERAVME 59 14285 (F)Y EA S EDCsZ #F353 At Table 1. & 1). 9]
bisphenol A<¢} phthalates= WWE, "= Illinois EPA % d& TAA HF
F3] 59 1o} m= Illinois EPA 9|4+ bisphenol A9} DEHP®| tistod=
& (probable), WA ZE#o]Efe tietol= o4 ¥ =(suspected) WEH] A
Hedm EFeta vk US EPAY ®#F7]EA & o 3 g (probable) h+H]

AZolEdz EF3e WFe AE 42 bicassayolA f5d E4& 9nsta, 9

)

>

1 5= (suspected) WP AIZANEAR ER/Hete HFEE AdAs FAT 5
8kl bioassay A f5® EAE Auduh(FAA, 2000). A WWE A=
o8 71A A4t A= HE S =2 bisphenol AE Hl= EPA #FEY A =21
Zel€(Known) EDCs®2 E#38kal ItHWWE, 2000).

Table 1. Known & Suspected Endocrine disrupting chemicals

WWE(67%) AE FTAAH142F)
A=A 65 T o) Ef 5 7tAaA 9F
DDT 5 &2k 4% Zehage EAde =2 175
el - Lﬁ = tol Al T ed=A 21F
H|AdE A FoFR 75%
zagolE 8F FE T TEE IF
2H 3 tholn, EgiH DES 5 el ~Ex4l 8%
iz 7 AE 8 AR 3%
TS THE 3F AEd EAS e dAERA AT 2R 6F
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Tlell A= 1998 5H29d AN FESt] WEHA Aol diHIeE
MFstel A Feet o Astel] ARATEE A4 - 2dekdlen,
EDCsoll digh &ol& ‘UEn A dlesd's Fd37l= 2435 EDCs= WWF
A dAT 67FE FAEER AAst] HuUiAbe B FALHE AR §)

ATHEHE 5, 1998).

A, el Az - ) " OARSAEZE §le 220l 16%F, ARSAMEIZE
Je =AL bIFoIMT AR A = 51F ()9 deEdT 422

et ddey, sordey, AddBdy ol o A=
%) 3

Table 2. EDCs not regulated in Korea and their annual usage

L | 3 & = AH&F(ED)
Penta -to Nonyl-Phenols & A 5,013
Bisphenol A LR Qﬂt}gz;‘jﬁﬂ, 71l 61,287
Di-ethylhexylphthalate(DEHP) St E A 7 92,986
Butylbenzylphthalate(BBP) St E A 7 1,832
Di—n-butylphthalate(DBP) Zg A€ AT 4495
Dicyclohexylphthalate(DCHP) FUAEH A 1
Polystyrene styrene di‘mers ZHAEAZYE 18,379
styrene trimers
Diethylhexyladipate(DEHA) St E A 7 1,372

Ab5) 2hd 5, 1998
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71 ==
ok AFE A2k o] W2 A AEe] JAERA FEANE A Fste] U8 A
5 el AFHAEASR A BEAS 215 2719 dFaA = EEe

Aztz 7HA o)de A5ES 9A HUh EDCse] A7 FEF] &gk =L 3}
g EAo weoly ffAlel AFs EPAR ol A7] gz #AS 2
skl 1994 EPAL tholSAalel &gk 74 AEoA 1 debgdin A4 2 %
g o i g FoE FAFEVIR AT EPAY AZ9E A5 @A g
ol Bl(Reiter) ¥rAk= EDCse Aot 23k @ &5 A8 #jd e wa Sa%
AA A 27 TAZ Holol dhrfar F43}%]

1995 49 EPA+= EDCs7F 17btolnp AeiAld] mA= 3 2 Haidd7t=
At Y2AFE JHHska o] gk Are] daAde st oo wet vl
3= 19969 8¢ AFEA X FHTFood Quality Protection Act)d S8 <bAd
H(Safety Drinking Water Act)-& 7§38t A EPAY EDCs® HAAAEHHE
19989 8¥7bA] sHtstel HMarskal, sl wbHe] whel 19999 8€EA] AAl A
e Arlste], 20000 8E7HA] HIUVE#E HalsteE A vl old we A
WA b #AetA, AAA, 79 A 2 A EA Sa thEsts 9o R A
A= EDCs 24 % AExE 993 (Endocrine Disruptor Screening  and
Testing Advisory Committee, ©]3} EDSTAC)-S 19963 10¥€ 169 FAste] &
gstar glom, Akste 470 AFH-E st A9-E FREAL vk = 4749

2% B2  The Principles Work Group, The Priority Setting Work

_12_



Group(PSWG), The Screening and Testing Work Group(STWG), The
Communications and Ourtreach Work Group(COWG) o2 A H e glom™, 1998
W 49 2 sk EDSTACY HiaiA] zQbol| ZAAE 2 AuAgS F2 7|&8h5

H] A 7o

A
-
i
iy
Y,
>
g
>
o
4
at

olt} Fig. 25 EDSTACO A Hasta gl 1)
el F=2 A Ao},

Endocrine Disruptor Screening Program Overview

Universe of Chemicals:
Est. 87,000

[ SORT S
i All Other

I Chemicals
E;ﬁ::fs Commercial Chemicals : ;
| (<10,000 lbs. Production| ¥
J HTPS
Categ ry\ . |
| v v
. Hold / Category 2: Category 3: Category 4
i Insufficient Data| |Need Tier 2 Adequate
|Bet Priorities for Test Data Data
| Tier 1 Screaning 1 T B
¥ ;
Tier 1 Screeing —# Tier 2 ¥ Hazard
Testing Assessment

Fig. 2 Detailed description of EDSTAC conceptual framework
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EPAS] A-F7iytolA &3kst EDCs doAge] e A4 A= (D) A=
a4 AT, 2 =FQ, 28 Q)=Fd 2o ¥A AT S A TR T
Aol vt o] A" T A4 2L oMEEH T AP nAE B
Aol M A DI A GAEE o] QA #g AFhA F WA 2A

FrEAlM = 19964 12¢€ o] o] Fe] #stats 200019 o] ey of

o]

Inventory)S FFsdxn W77t RE  F¥H3e4rd A (European  Chemical

o

F= 789 WE9 4 ¥ 3E 2 A S(European Endocrine Disruptors Research

ol

Industry Association)o] 9¥¥-1H22 vt B2 3d7ke] 7| 2d45 98 AR&3FaL

T AerA g @A FF 39t HA ARG A RS dAs s Ao o

OF G A WHS ALss AR B B YR TAY
F e 2/ AR oY oIk o] Aol YR FYATA W, Bhel, ¥

b e A, (2) AlWelA o) dE dodl= 719 i, 3) ol E
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3. bisphenol A¢} phthalatese] &4

WWE7F 738 EDCs% =ulell A AR&AEIZE = =22 51§0]aL, 9
bisphenol A} phthalatesE W] &3¢ 95 0] FAHTFA 2 dA HAz|HT AR &
glstEd Sty 53], 959 EDCs% bisphenol A&® T2 &R5SF 19 U
A, EZeprE fobg AW AFE S AR FE ALY 9o phthalates
= Holuk Brld F=2 AMEHE T fue] AAEy dHe Sl AR H
v}, L3k bisphenol AT 1998\ S AF-Z=ALA I}, A7 61287E0] AFREHSL 1o
™ phthalates® & 5F°] AF&50]=4l, °]F Di-ethylhexylphthalate(DEHP)
7} 92,986%, Di-n-butylphthalate(DBP)7} 4,495%¢|glth = o]5 EA L& =19
&I FElsk EDCsE #FHE A4S Ad9A4 S 319g v v& EDCsREu
TR AAA]A et o] Folx ok & &5HEA ot
840 =& hisphenol A%}

o
phthalates®] LdwtA 9l 54 2 5 thste] At ATHTF-=

flo ol

1

]
of

oaedE A8d 2 AEEE %

o O - [€)

2,3,4).
7}. bisphenol A
1) 7%
CH3 CH3
—< >— —< >—OH H0—< :}— —< :>— OH
CH3 Csz
<Bisphenol A, M.W 228> <Bisphenol B, M.W 242>

Fig. 3 Chemical structure of bisphenol A & bisphenol B
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bisphenol AE dubd o 2 oF 65%7} polycarhonate#l]| =9l AF&E W, <F 25%7}
Epoxy resin®] Ax9 952X A4bETE YA 10%+ tetrabisphenol A9t 72-&
w8 E resind AFEETL(WWE, 2000) welA bisphenol A 44 A &5

A gAY, B AE, fobs W § AE, gR9 §7124 EWA AEHD
glovl, 4EE A9 WY ;YA WFP, FEHY BY 58 BA = A48

, ¢

FEAE £A B 054 gor AR vk w3 HIE fam EA
ESAE A5 5 3t} Alkylphenol9] 7

A, AR A A5, Blo]2A AL

ok

A ZAH 7 A E bisphenol A diglycidylether methacrylate(bis—-GMA)E
base® st 2EA 50mgolA 712 1A1ZF T bis-GMAC F395o] A=
bisphenol A7} &5 231(90~931ug)(Olea N 5, 1996), 2 &ZxH9 lacquer
coating 2 ZF¥], hisphenol A7} £&FHJY. 7 HFornRyY HiEF, Ud=
bisphenol A2l i1 FEE 0ugkgoelAdtt. 8 o] & k)

0 2 HH 9 hisphenol A migration imit 7159 3mg/kgel Hlste] A F& F==
ojif & FImol A€ bisphenol A9 FaFel e M2 AFE HIFOR o] 7]

F5 AZAsoF drp= =Two] dar A= AAo|}(Brotons J. A 5, 1995).

=

4) HEH A R Sy

W% F344 2 SDe=ol bisphenol A 0, 1875, 37.5, 75, 150, 200mg/kg<
A5 B& W, 37.5mg/kg ode) FouoA T e AT B2 AAE

_16_



2ol YRt (Steinmetz R. %5, 1998), MCF-7 cell& o] &&M o 2EzA &
fA ] AeHEAAS FAE At bisphenol AE EAFAR 1 A5 F7}
stttk bisphenol A 2, 20pg/kgs vH9-229] 14l 11~17¢d FAPES o, A% 6

MEd w2 vk AR Tl S7kek i th(Nagel S. C. &, 1997).

1}, phthalate¥

1) 7%
R1 R2
o 1. DEP Ethyl Ethyl
2. DPP Phenyl Phenyl
ot 3.DIBP  i-Butyl i-Butyl
4. DBP Butyl Butyl
O\RZ 5. DAP Amyl Amyl
6. BBP Butyl Benzyl
0 7. DCP Cyclohexyl Cyclohexyl
8. DEHP Ethylhexyl Ethylhexyl
Fig. 4 Chemical structure of phthalates
2) &5

phthalatess F2 Eeb2€9] ZpaAR AgEw 1 9o FH5A B, i
&, A 9, AU AAA, HAA, Fepad AN S Y3, A2W, R, BFA

o AlE ARG £BA, PVC/IRPFA AE 5 B AEH T 9

A
)
i
oX
)
o
A
R

phthalates= A|-&Alo]7] W& w¥¥, v/, =25 =

_17_



o]Hol]-& PVC(polyvinyl
chloride) 7t A2 odA-HAdES AN WA A Axle 5L
phthalates®l] 2J3] 2= o= ogks X7t &% XA (EHE) o &9 E
< phthalate &% wet v=24 deivs Ao® ®Hisi Jth(Fredricsson B.
= 1993), =3 PVC 7=+ 27 = phthalate ester(PAE) TE% 0.02~
2mg/molaL, TPHEE oA Z"EHO|E tiAbzo] FosAl Frtsislont
2740y EE7IAY o2 #AAHA gFokti(Nielsen J. 5, 1985). A g o=
phthalates®] &% == 93 #4H3 71eF d4 &< (complications) S 7142
e Bzl gl

frol = of#Hol V) AMgstE AED v A (teethers)ol W =8 At

of
%
IS

Ao RHFE oAES o 1 A= A A phthalates?} AHEE + dvhs o

TRk ek Gk AR AE PVC A% 5 RN AsRE Be Eeiay

w30 phthalates o] =2 FEZ =2 Ydo] v} w3k A dAFES S}
7F 7t M o EefaE o] 8¢ St Y|Qleve Ak U

1996 @=ollA Hi® fob& ol it ZAbM = XA 165 EFo
A] phthalates”t A& on, A1 FE= 102 ppb(mg/ke) ©lSlth o] -5 Al
ZAe] Aalets wEdd Aol Hif 0.13 mg/kgHE/L 9 phthalatesE A F
st Aoz ALk EgE 1993 o] AAlH =9 ‘Total Diet Survey’ ol A+
7], A, A, % 2 FA4E EZFolA phthalates 7} 2AHJ =], o] 4
& B3t <9 phthalates €< A3 % (daily intake) H 0.8 mg/AHE/<
(0013 mg/kg A=/D)Z FAHAC}. phthalatest= 25 AFAS 21 947 W
ol Asky, A, FEE SolMR Al dEd=d e A=
35 mg/Lel DEHP7} &&Fd4 A&HAvk= 2urk lvh.(URLidineone.net,
2000)

Rl
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a4 H AN FHAAZMCE-7 celDE ol &dto] ZgaiFe drEZ &
SLEALS 53] @ o AERZ 48 Hou oAl &4
ZEE butyl benzyl phthalate(BBP) > dibutyl phthalate(DBP) > diisobutyl
phthalate(DIBP) > diisononyl phthalate(DINP)] <=o]lt}(Catharine A. H. 5,
1997). <7 Wistar Y= o-phthalic acid(PA), dimetyl phthalate(DMP),
di-n-butyl phthalate(DBP), di-iso-butyl phthalate(DIBP), di-n-octyl
phthalate(DOP), di-2-ethyl hexyl phthalate(DEHP)E Z}z} 29%% H713 AlgE
153t 4524 3A& i, DBP, DIBP, DEHP FoweA A&7t 9155 %5, DBP,
DIBP, DEHP= oAl A2 W9 testosteronee] F7Fst$iL, Zne] sx7F Aststad
(Oishi S. ¢ Hiraga K, 1980).
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Zlzstal vk 2 7091E

A SPEED '98" #47]< 2 98 vgt
dl, SPEED 98¢ A
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skl A A g

}+= SPEED ‘98

R A Al

EDCsell Tt
ol A A A

R
1

)
3l
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it

£
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4. EDCs

& o A
7}. SPEED 98 &-417]
1) SPEED ’98

w57

=
=

e}

T HEd AT

grg 7}

o]
Hr

At
e

rveel

100ppt(100 ng/L) %

shof =

of o
}32 Jth(Table 3). 28} Ul En)w @=L o]

o~
T

10ppt(10 ng/L), =

sel

of o

=
[e)

i

)
)

I
=2

s

[e]
5

2

=t %

g

7] A 1/10 %

bol =
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==
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Table 3. Target detection limits of EDCs in SPEED 98

ol
ol
o]
Hr

A4 % AEAE

(rg/ke)

20

(pg/L)

0.01
0.1

i
I

=y

—

oW

I
=
W

H

0.01
0.5
0.2

HE=FM2HEAPCP24-UE2EHE

X &g o] E5(DEHP,DBP)

20

10
10

o 2 E5 (718D

DEHA

i
H

0.01

0.5-50

0.01-0.05

0.1

5)

0.025
0.01

2

o~
T

34 10ppt
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= o

boh e, @4 48 B
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2 2 55te]

A= A

ol g8
ok o
1
¥ nnj;
o fo
rir
>
c
)
N
T &
T
a0 A
oo
o I
oo &l
o oy
TR olf
[e]
B8
- £
i
Oy
i i
o &
Obf' o2
% QO{|
2 b

2) EDCs ¥4 2] Category 3}

SPEED '98ll A Tt7dstal gl wiiinAl el=
79 category®E IR gon, AAE GAS MR E 1679 LaFoR
BEeo] gl 28l ZF categoryel] WE F8 U
A 2 477 & fAst AtH(Table 4, ¥% 5 6, 7). ek o]ggt
category®dll W& H 7 AESehgke AAl LA A = AEEr] oy 2Agkele
g 7 Qv dusid AEY matrixdl WE HHEA, AR
factor, &A1l A4 nA= e R A 2g A upe} EA 43l A
Zpol& Hvh SPEED 9844 = aids GC-MSHR GC-MS)=2 £ o] A
A 9= thol2a 9ol mirex, toxaphene, aldicarb @ kepone o] Tidled= m %

BAE 08 HA8 BAYel gloly ud A Aeslel gl
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Table 4. Analytical methods of EDCs by SPEED 98

H_ﬁ;ga‘t

iy Foo4EA ;%%; AzAAY EA47]7]
c . PCB lng/l.  LLE GC/MS
ategor
8O eorm m ppp Ing/l.  LLE GC/MS
Alkylphenol & 10ng/L* LLE/SPE GC/MS
Category 2 .
Bisphenol A, Chlorophenol® 10ng/l.  LLE/SPE GC/MS
Category 3 ZEo]|EFR 200ng/I. LLE GC/MS
Wk ek sl A (D)
Benzo(a)pyrene<] 10ng/I. LLE GC/MS
Category 4 LLE/Headspa
WS e DBCPS  10ng/L GC/MS
ce/P&T
Cat 5 10-50ng/
B s ok 2 (DTriazin A AZAS . "BLLE/SPE  GO/MS
& D 50ng/.  LLE GC/MS
FoFF(III) Benomyl 100ng/L. LLE GC/MS
FFFAV) Amitrol 1000ng/L SPE HPLC-Fl1
& FF(V) Methomyl 30ng/L. LLE HPLC
Category 6 TBT, TPT 1ng/I. LLE GC/MS
Estrogen (I) 2.8ng/I. SPE GC/MS
Category 7 Estrogen (II) ELISA

3) SPEED 9894 2] bisphenol A9l 21

wote] FAdska QT
FAANEY AAYHAAL A8 119 L-ascorbic acid 1lg& 7}8lar
A FFEZA A o] ARE FHAZIY, 2F FEHA Y AAXE Adsta v}

A F71E EdFo 575 AAS) 183, methyl acetate 4mlE £=3}31

1m

10m¢ & KD¥Z3d 23, 5533E hair dryers o2 7P A 71gsids Ax7t



¥0
o
ot

o]Fo] EF 9o oFF A% methyl acetate FWHe] ol

i

= =
E® FHet w594 It omE 93 S50 &35, 10mb KD& 53
ol FrFNUEFTS oF 7g ¥+
EE

F9Y 9 loadingdlal thA|
KD

op

718 4 3mzE AAHe & 0 95 FFRINYEF 99 loadingdtr). &
Syl wrepxl AL Gfo AaTtaE EolFo XA (Fig. 5).
1L KD — NS4
L-Ascorbic acd 1g !
IMKOH/BEOH 0.5 v
' E2S04 0.2 Horisil dean up
SPE v &/ Ether Hexare
Metyl acetste A IMKOH/EOH 5 an
v 70 /1l
N2 v
v 8 HO
Hexane 5mM O50pbISTDIM | |
I Acenphthene-d10
Fenanthrene—-d10
Ne2SO4 7g

Fig. 5 Flow chart of pretreatment for bisphenol A in water

AANESY AAZYAA LS AAAR 10ge 100m Hlo] A Het = weE 30
ME 713 T Aol B EEn 2SHAHAIE ALste] o 10E7 2=
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1087 9 s}, A5 100mE T2 u 7)o Heto) o] F+& F48 hd

o AAE T s g oa 4AN R BdaA Ay,
SPPED '98914 7]|<d GC/MSDE ©| 83 bisphenol A 43712 Table 5
o} 2,

Table 5. Analytical Condition of alkylphenol & bisphenol A From SPPED '98

Description Condition

Injection Splitless(purge, 1.5min), 1¢f Inj.

Interface temp. 250C

Oven 60°C(Imin) - 15C/min - 280°C (5min)

Column Fused Silica Capillary column
(25m x 0.32mm 1D., df=0.52um)

Ion source temp. 230TC

Ion Mode EI

Ion energy 0V

Ion current 300¢A

Detection mode SIM

SPPED '98° 4 T1A3tar 1= bisphenol A 2 allylphenolFE9 d% 2 =

A& o] Table 67 .
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Table 6. SIM(Selected Ion Mode) ion of bisphenol A

Compound Target ion Qualifier ion.
4-t-Butylphenol 163 178
4-n-Pentylphenol 192 135
4-n-Hexylphenol 206 135
4-t-Octylphenol 163 135
4-n-Heptylphenol 135 220
4-n-Octylphenol 234 135
Nonylphenol 177 163
Bisphenol A 269 284
Acenaphthene-d10 164
Fenanthrene-d10 188
Fluoranthene-d10 212

4) SPEED 98¢ 41 9] phthalates®] <4

phthalates &2 SlolX 2 A 859 dAPHL Alg PmlE V-flask
100mlell #Hgk & 479 surrogate, GHEF 15g, 4k 25mlE 7hek & 1-44]
b ankstal, FEAE ALR ImAA w59t O%, S EROR @F
o},

Ad Age AAIHLES AR 20ge 100ml 4]

rd

S
Ak
r =
=
e
rot
o
Bx
o
1o

surrogate, 30ml ACNS %2 & 5#7F wwksta, 1087 2592 FE90 &
A

92 3000pmo= 10%7F 94 EYF T A5E AATHQHWE) FE 9
e

15mlE #H3 T SPCAE#RCE 273 AAE 1-5m7tA =3t wa=ds
GPCZ clean-up?t & ZA4AZ Iml2 s53vd 2% Fr3UEROR Eadt

=
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AEANRY AAYLHLE AE 20ge 200ml HAETFAo Wi AT
AgAl et AN 3000rpm o2 1027F ¢
A e & s e HEAg@surE) FE99 1omlE FHI T A4 E 1-bml
FEo), R ERSR

GC/MSDE ©]-&3F phthalate 9] &% Table 79 T},

o
&t

surrogate, 30ml ACNE 4&

d

Table 7. Analytical Condition of phthalates From SPPED '98

Description Condition

Injection Splitless(purge, 1min), 1x¢ Inj.

Interface temp. 270C

Oven 50C(2min) - 10C/min - 270°C (10min)

Column Fused Silica Capillary column
(30m x 0.25mm 1.D., df=0.25.m)

Ion source temp. 220-2807TC

Ion Mode EIl

Ion energy 0V

Ion current 300A

Detection mode SIM

SPPED ‘9894 A8t 9= phthalateFE9 A% L =484 o]2L Table

83 .

Table 8. SIM(Selected Ion Mode) ion of phthalates

Compound Target ion Qualifier ion.
Diethylphthalate(DEP) 149 177
Dipropyl phthalate(DPP) 149 209
Diisopropylphthalate(DIPP) 149 209
Dihexyl phthalate(DHP) 149 251
Dibutyl phthalte(DBP) 149 223
Dipentyl phthalate(DAP) 149 237
Butylbenzylphthalate(BBP) 149 206
Dicyclohexylphthalate(DCP) 149 167
Diethylhexylphthalate(DEHP) 149 167
Surrogate(d4) 153

* surrogate = DEP, DIBP, DBP, DHepP, DEHP, BBP, DCP
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Table 9. Analytical methods of EDCs by NIER”

T2 gAE 5% A& Al s A A 47171
oISl g - &2+ &L F Y 2AAA
#3771 - SR+ AT} A
e - SAY e
HR GC/MS
A= : e LRI
=% - SR+ AT} A
AE - LA AL TR APAA
PCB 4 10ng/L, AZAE : 10ng/L LLE/SPE GC/MS(SIM)
F71d A2AF ] ]
= 2 N2
PBE, 0254 54 ¢ 2%ng/L, A2 AR : Sug/kg LLE GC/MS(SIM)
AR FobE 2 001-005ug/L, A2 AL : 05-50ug/. LLE/SPE GC/MS(SIM)
HPLC/FI
s 44 17ug/l, AA.AE : 3lug/ke SPE u
{(post column)
W= F2 : 0lug/L, AZ.AE : 2-2ug/ke LLE GC/MS(SIM)
.y HPLC/FI
o) 2 47 00%ug/l, A2AE : 1-2ug/ke Derivative B
{(post column)
oHlEE T4 ¢ lug/L, A2 lugke Derivative HPLC/Flu
(post column)
A=A 244§ $2 : 005ug/l, AZ.AE : 5-10ug/ke LLE & Derivative GC/MS(SIM)
I =5 47 : 100ng/L, A3 A2 : S0ng/L LLE GC/MS(SIM)
A EF 2
4 : 00lug/L, AZAE : lug/lg LLE GC/MS(SIM)
H A =
Zepibo) ~H 2 H 474 1 02-05ug/L, AA. A% : 10-Bug/kg LLE GC/MS(SIM)
el g2
. 74 ¢ 00lug/L, AA.AE : 10ug/ke LLE GC/MS(SIM)
Hlags A 2
474 ¢ 10ng/L, AAAE : 5ng/L LLE+TMS GC/MS(SIM)
Zzedss
FESAE L ESTRS
S-ERZER, 474 : 10ng/L, ADAE  1pg/ke LLE GC/MS(SIM)
28 dimer/trimer
12-guergas
Zz@ ~=hd, 474 : 10ng/L, ADAE  1pg/ke P&T GC/MS(SIM)
w2
12-guergas
z2g, 28, 4 10ng/L, AZBE : lpg/kg Headspace GC/MS(SIM)
w2
EepaFsgE, GC-FPD
; : 10 AAAE  1pgk SPE
eamuzggge o el ARAE lughke GO/MS(SIM)
ELISA
JrEHTYL 2.8 ng/L (10pM
B-o~ETT] ng/L (10pM) GOMS

* NIER : National Institute of Environmental Research
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0% 438 T KDY E7|E SR &S Aarlam BojFo] A

oL

AEAlge AAGAZL Az 10gs HlolAd FHste] HeE 30mes 7hekar
oF 107 #d7|= FESTE A #e] &7 F 3000rpme = 1047 A48
3 ATY 100mE EAqZu ] FHeth o] & 248 i A & 4T
NS Fobrh olst AAA RS TS AHegrta FHo] gtk wpRsbA R A
g 9Al dE SPEED '989141¢] W} F st
ATY W 7led GC/MSDE ©]-&3% bisphenol A £4 %
713} bisphenol A % allylphenolF &9 AT % SAHE& o] SPEED 'Ry &
AetA A = Yrh(=HEE A, 1999).

4) FHHA AT ol A9 phthalatese] -4

THBAATY W9 phthalates?] 42 dAFEHE A H
GC/MS=E phthalates® A48t W3 ol A-t]-2-o| & 3 2 (DEHA) 7t
S GO/MSE B4381= 7 /9 Bye AAsta vk ZF B FxaEet
As F2A89d A2 2 AEAF dste] Z+z DBP, DEHP+= 0.5pphb(0.
g/L)$} 25ppb(25 1g/kg) o2 Asta 1o, DEHA o thslels #2A3 442 o4
AEA 7 At 22 10ppt(0.01 £ g/L), 10ppb (10xg/kg)o = Asa A},

phthalates &4 o] 2 Alge] AAUHL AIUEFSE €Yol 7
Ao FE% 5 GCO/MSE 549t Ad ANae 259 AA7|E ARESE] of
ABEVEHR FE3 FE9L GPCE clean—upd & GC/MSE FA st AE
AEE ZRAYNAS o8t otHEYERR FEF § GPCE 3]
GC/MSZE A& dAgttt, ool WS i SPEED '9RBAlA AAIstaL =
Wi fFARA Heol glem™, GC/MSDE o83 phthalate® o] #4x7 2
phthalate 759 A% 2 54L& o] SPEED '98 Wi¥ Fdth(=H2
T4, 1999).

U‘l
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5. EDCs ¥A 9 #vst

CdlE
5o WMo i ArA AFdT el A4ds s bng/mleolstelal, AT
ERa

=1 0-100 pg/ml, o=
o} Wi FEAl dee] Ak 70-100

AU B Hske] FUw - polRe) 1o AR Re FES f4

A THTable 11).

Table 11. Comparison of Normal concentration between biochemical

metabolites and hormonesx*

A B AFE A T2
P e i PYEE
Adsa 5 ng/ml°] s}k
HAF(FHA]) 70-100 mg/dl gz =+ 0.1-0.6 ng/ml
ZH|~H & 150-220 mg/dl F419AAFE2E 10-100 pg/ml
FolnT EE 0.3-4.2 pg/ml

* FRIFUIEE - KA, BB A OLE {5 1908

=, 999 At vud v gdseE

1094329) 1ojehs e Freld A§ITHChFEES, 1908). nhebd E=Eg
g0l gels dos)t BDCse] EA6] QojxE 7

D3

dok. ek obyEl EDCse tiF-22 @459 v Ee ddFe
whleage ], AA W SH SOl ok & wEA A
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A, Aekee] Aldadte g AR = O A0 dig ASdn2
A FFst=d], o] 23 guidelineE < US FDA9 “Guidance for Industry”ol*] Al
F32 QTh(US FDA, 1998). o] guideline, GC %& HPLC #417]%&
of A-&dt} Aed (Selectivity) 2 7 E(Sensitivity) & ZEsh AWy AF
Mt matrixell  wep AAFo Xk ol HAFAAdE AL
(Accuracy), A2A (Precision), #Z=(Sensitivity), &4 (Linearity) % AdA
(Reproducubility) 5 ¢ S-eghH|HE AR&elt}, o|H st detn|H &2 AFEsStE buffer
2 guje] Megd 2 ARE Ao exWsld mEME =24 2 F Qv ayy
AEA FRO 7EAY assd 7]7], &

g3},

A

oL
o

©o.
o

op

flo
ML

2x5o] 71 2 factor®

LN A FAL Blank sample, zero sample @ 5-87] samples o]-&38te] A3}
=d], blank % zero sampleE2 AHFSFolA  AYAZY. LOQLimit of
Quantitation)®] 4= A" F e /M @& w25 HA& 53] o) AMEE

Y3t S/N ratio’t 100]1 34 WE FE4 BHZ AA g}

AR g A el QA (Precision) 5 HA 371 batch  FE9
LOQ(Limit of Quantitation)®ll thair+= LwbA o w2 S/N ratio} 10017, FHEF
Ax7b 20%018k7F Holokghs s ATH(H AL E, 1998). ol2d HF
Hels Alage] Ay 9 o welx o WEkgh(Deviation)o] & ¢ Utk A
A2 (Linearity)©] A%+ 4 point ©]749 FFsEE 7[R AAst=d, FHAST
#(Correlation coefficient, R»)¢] 0.950]4o]ojof dt= R oz Ao =], A
59 Matrix 2 dAEHA wepa= FRAFFe] 095018 A% ) 35
& Recovery) 9] -5 100%= FHTslofoF sh=dl, A 50-60% ol Fdw =

J_/
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Fig. 7 The Frame of this study
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3. AUy

7}. bisphenol A 4

1) LC/MSDE ©] &3}t hisphenol A% &4

i. Ag A of

o

Bisphenol A ¥5&5 42 Aldrich(US)A| &S o]&33iv}. ol &9 oA E
YEH(ACN)S HPLC grade(].T.Bken) & AH&393, HPLC grade buffer(HAc,
CH;COONH,) T3t A3 EFS AHE3tdY. Alg ZAAEr] 229 syringe

filter(0.45um)+= WatersAt A|&& ©]&31% 3, HPLCE Z2T¢TFE AEE 18Q/cm

1o
=
=
o
o
)
=
£
Q
=
o
=
I
=
o
=
=
[
v
il
2
BN
rot
i
o
>
)
ofo
ol
2

ii. 2A87]7]

3t =d, HPLC pump (Agilent

1z

NdELLS LC/MSDE  olgste #4
Technologies M1312 Binary pump), &4 5% 7](Agilent Technologies M1313
autosampler), Z% compartment(Agilent Ttechnologies MI1316 thermostat
column compartment), DAD 7= 7]|(Agilent Technologies M1315 DAD detector)
o AR 7] (Agilent Technologies1946 MSD)E o] &3tgjorn, 48 ZAgL

Zorvax ODS(4mm x 120mm, 5um)E AF-&3+51

ii. AlsdAg @ 24xA
Al& 100mLE PVDF cartridge filter(0.45um, Gelman, US)E S #A|#A o 73k
S HEAgR AMgsgen AgAAE Flow chart @ 24%7AL Fig. 8§ %

Table 129} 72t}
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Sample 100mlL

Filter PVDF Cartridge filter

LC/MSD Analysis | 100uL Injection

Fig. 8 Pretretment of bisphenol A for LC/MSD

Table 12. Analytical condition of bisphenol A by LC/MSD

Analytical Condition

System Agilent Technologies LC/MSD
Column Zorbax Eclipse XDB-CI18
Mobile Phase AcONH4 : MeCN = 55 : 45
Flow rate 0.6mlL/min

Injection volume 100ul.

Ion source API/ES

Polarity Negative

Fragmentor 30V

2) GC/MSDE ©| €3} bisphenol A2l #4

i AP
bisphenol A FF&24-2 Aldrich(US)dl A Fhstg o™, 24 Aok 1%
2

TMCS/BSTFA(Pierce, US)AI#& o433t Als AAZA 283 F5 gl
(o5 ]

il
>~
=
ofo
ol
2L
3

R

g EZ2 29 g (CHClz)2 HPLC grade(J.T.Baker. US)

2 2% NaSOs= AlF 555 A&s ).

ii. 2A87]7]

GC/MSDE A5 259 7] (Agilent  Technologies 7683 autosampler), Gas
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chromatograph(Agilent  Technologies 6890 GC) % AEA7](Agilent
Technologies 5973 MSD)E o]&3tdlem, 484 ZAHLE DB-5 MS@EOm x

0.25mm x 0.25um)E AF&3HE T

ii. AlEdAY 2 EHxA

A5 100mLel 1.0M 94HHCI, pH 35) 2 NaCl 30ge #7bshs, tjg2=2 v
e 50 mLE #HUbste]l AA-A FEHE o]&st=d, o HAE 239
A HbEsY Y NapSOuE5 o] 838te] M2E& A A|SHL rotary evaporatorg ©]-&
st ImL7bAl 5585 19% TMCS/BSTFA 10w s A 718te] f-=2238 A% 3
ZEABE ALESE L, A BEAATY flow chart @ 24%7AL ZH2Z Fig. 9 @ Table

13.2 2.

1M HCI 1drop
Al =
15 100mL o,
- = CHELCl, 30mL 27} A%
= 91¢) 7y 289
A & /o] 7} 4 NaSOs g7
= Evaporation(about 1mL)
o 1% TMCS/BSTFA 10ul. 37}
F = A 3} S
(Vortexing)
GC/MSD Analysis | 2ul Injection

Fig. 9 Flow chart of pretreatment for simple matrix’s phthalates
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Table 13. Analytical condition of bisphenol A by GC/MSD

Analytical Condition
System Agilent Technologies 7683 ALS
Agilent Ttechnologies 6890 GC
Agilent Ttechnologies 5973 MSD

Interface temp. 280C

Oven 80C - 20C/min - 300°C (3min)
Column DB-5MS(30m x 0.25mm x 0.25mm)
Ion source temp. 230C

L}, Phthalate £41

1) GC/MSDE ©]-&% Phthalate®] &4

i. Ag A of

Phthalate £ 522 Supelco(US)AF AFS AFESII o, A8 AAelr E

Q3% =& gujel AL ol EVEZHL HPLC grade(]. T.Baker. US)E AF&-3}
A, Eagd E 28 NaSOs e Al 558 AFEsEA T

ii. 43717

GC/MSDE A A 5499 7| (Agilent Technologies 7683 autosampler), Gas
chromatograph(Agilent  Technologies 6890 GC) % AEA7](Agilent
Technologies 5973 MSD)& ©o]&3st3 o, &A1& Axd Agilent TechnologiesAl

HP-5 MS(30m x 0.25mm x 0.25m)E AH&-313v}

7rst Matrix@l 259 Al&SAAZHHDI waterst )2 A5 10mLd

G4 ImLE GA-ofA] FEWL ol §3te] FEAEU, o F3S 2801 WEY



. AE 10mL |
= = Hexane Iml %1%
= o) #7428

‘ 5 ‘ Evaporation(about 1mL)

|GC/MSD Analysis | 2ul. Injection

Fig. 10 Flow chart of pretreatment for simple matrix’s phthalates

S
0

i
inj
N
%
e
e
%
e
o
=i
>
Z
IS

w2
o
il

o
oo
_0|L
i)
i)
4
réd
R

rotary evaporator

£ o]&ste] Iml7bA w53 F HF A 52 AHESRlaL, Al5dA e flow chart

i

M
1%
BN
Y
flo
N
)
)
)

—
=
)
,ﬂ
o

o
o
—
n
o
i
£

_51_



. Al® 100mL |

- - Acetonitrile : Hexane(1:1)
Ta
o 10-20mL, # 7}
| & | NaCl-Water 20mL, NaCl 20g
| a@ | ¥4 Na2s04
‘ & ‘ Ecaporation(about 1mL)

‘ GC/MSD Aanlaysis ‘ 2ul. Injection

Fig. 11 Flow chart of pretreatment for complex matrix’s phthalate

Table 14. Analytical conditions of phthalates by GC/MSD

Analytical Condition
System Agilent Technologies 7683 ALS
Agilent Technologies 6890 GC
Agilent Technologies 5973 MSD

Interface temp. 270C

Oven 50C - 10°C/min - 280°C (3min)
Column HP-5MS(30m x 0.256mm x 0.25mm)
lon source temp. 230C
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V. 9423

1. bisphenol A9 4]

7F. LC/MSDell 9]¢t bisphenol A +4]

1) A= el

= 3

i

LC/MSD4 API/ESE ©]-83F hisphenol A9 TIC(Total Ion Chromatogram)
2 mass spectrume GC/MSDe| A9 Fragmentation pattern®= 2 molecular
ion peaks el 4 Q). o3t A= AFEEE &9 solution chemistryell
A} 7]191% deprotonation W3- ©] T},

Bisphenol A9 FZ2A & 4 9l%°] bisphenol A= & £t OHV|E 71H
3t aelrg o]&3tE 7% protonation® FH HTl= deprotonation® 3 Hj
=, OH7] A F47F golA= Fujrl E2 frelsteh o3 A 423 A

5 5 =
= g 5 e

80000 —|
BO000 |
40000 |

20000 —|

>1579

| [ | D p |
1 2z 3 4 el =]

Fig. 12 Mass TIC of bisphenol A (1ppm) by LC/MSD
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Max: 63336

27 A

w0 | Bisphenol A, 1ppm [M-H]-
SD—:

60—

-

b

I I I I I
1480 175 200 224 250 miz

2121

20—

o

Fig. 13 Mass Spectrum of bisphenol A by LC/MSD

TFig. 12, Fig. 132 hisphenol A 1lppm® TIC spectrum®  bisphenol A9
mass spectrumo]t}. &¢A AFFHE°] mass spectrum®A  deprotonation®
bisphenol A% molecular ion peak <, [M-HIZE®jel 2272 2 & 4 9l3,
fragmentation FE] = [M-H-CHzl¢l 212& =ad 4= gldvt. GC/MSDE EI
spectrum fragmentation pattern® W]ad W] ] soft ionization FE|E w2 =
spectrum Aol HAEE& & ¢ UAHh s HPLC-UV/Vis XE*=
HPLC-Fluorescences ¢l dut HPLC system¥= 9] 2 AHAAo] Holu} ppt

FEY FEANE AET 5 ATk

2) API®} APCI &4 43 v

A}

A48l ion source® EElsle] X439 A3 HE=FEL2 API/ES ion source

Euh= APCI ion source® o]&3ste] #4¢d w7l ARl £2 225 48 F U

[Rad)

Y (Fig. 14). LC/MSD Al2="l 5247F APCI ion source™ AF4 3tgEo|L} A

BAY) A et £ Aon GEA 9
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1.Bisphenol A 2000004 ES'

2.4-t-Butylphenol 1500000
3.4-Pentylphenol 100000d 65% -
4.4-Hexylphenol 500004 7 6% 15%27%
5.4-t-Octylphenol 8.5% - w
6.4-Heptylphenol ‘ ‘ : ‘ : ;
7.Nonylphenol
8.4-0ctylphenol

2000000
1500004
1000000

500009

4 8 12 16 min

Fig. 14 Mass TIC efficiency of API/ES & APCI ion source
by LC/MSD

3) A=eA = A

ot
2y

Fig. 15 hisphenol A £5%9 X 0.1, 1, 5, 10 pphell o 294 3}o]t}

ZOo0 —

1,684

O 1ppb

5415

1000

o

§ p 7 ¥ § I ¥
= = a = = Ed =

MSDA TIC, WS File (0ACAMBRAADATAMSOREADDT.D) AFILES Magative

g

soo0 ) 1ppk
ac00 — =
2000 — ]

z

Xzaeg

T n T n T ¥
= a -] =] 7 2

MSDT TIC, MS File (BOOCARMBPEADAT AMOREADDS 0) AFIES Megative

2674

so00 - 4 Sppb
aooo -
Z0ooo é

=

= a 5 =] Ed =
PASDA TIC, RS File (DAY AMBPAADAT AOREADIO.D) APLES Megative

1600
2641

S0000 — 10ppb
=a0000 —
= - - - - -

= = a 5 =] 7 =

Fig. 15 TIC Result of each level bisphenol A standards

_55_



et

Fig. 16 lAst o] 10ppbol A 0lppb7hA el Fmolel s AZHe <4
4 9dglom olwl calibration curve® Y = 51763 X + 54230, #AF(RY)

rir

0999017 <] £L 2ddE B3

Calibration Curve _ [Of =
BF&, MSD1 TIC
Area = 51762 2045 Amt +54220 803
Area D Rel. Res%(1) -10.137
S00000 —
SQo0000 —
200000 —
200000 —
100000 —
o— Cerrelation: 0999?5
|, |, |, 1 I 1
] 5 Arn-:-unt[ppl:-]

Fig. 16 Calibration curve of bisphenol A STD

71E9 HPLCAA AH&HE= AE719 4% ppm leveldl A9 H&E& 7153A
2 oppb level® #4¢ A9 AE:wdEe AR Qs #A4o] ErlestRe,
MSDE AHEsl9S 49 @9sk d&8 & 71 vl Fig 172 H2&7] S5/
e AZd3AE el Aoz gula o2 bisphenol A EA ] AFEEAA UV

AZ7NM = ppt level A& E7l5dE & 5 I
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mal |
o UV Detector Biphenol A, 0.1ppb(X)

20—

T T
2 3 4 5 i min

W50 TIC, WS File (DAYARNBPALDATAMOREANDS 0O APIES Hegative

5,416

| Masp Detector Biphenol A, 0.1ppb{0)
1500 =

1250

1000 =

750

e /W—Wf—ﬂ——_m

I I I T I
2 3 B 5 G min

Fig. 17 Comparison of Detection result between UV detector and

MSD

4) AA AN m 24qd 3

& ArdAM vled AEA

Ak
ot
T
o
o
opp
ol
2
>
e
oy
o
O
o
=
2
4
r

h=]
bisphenol A &ZA1HS HAst9ar 1 23 130ppte] A=434

= L. 2= o
= Oéa T }}]\gj\
t}.(Fig. 18)
mALl -
200
100 - i
ol o
J o
D I--.'_.
ol [ I |
0 4 5} 2 min
i
| | [ I |
0 2 4 5} 2 min

Fig. 18 Analysis result of bisphenol A in Can by LC/MSD
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5) dA=7e e At

LC/MSDE o] &3 #Hlw=FE =, bisphenol A ¥ 42 HEFEL2 /fEE R4
SHA] @3 FAlC BEAFgowA YEN A AFAER ZUEHH 84S =
d 4 9A=d), Fig. 195 LC/MSDE SIM modeE o] &3t A EXdx2x 7zt

Z} 04ppb sEAME St A 24 5 AU

t n
1504
800
s 1.Bisphenol A 5,8.4-t,n-octylphengl
401
6 10 14 m/z=205
6(x T T T LI AL | T T
2 6 10 14
2.4-t-Butylphenol
200 yip 80(
1 6.4-heptylphenol
2 6 10 14
400
60
m/z=191
3.4-pent Iph UL SR IR UL UL I B BLELEL I
204 PentyTp 2 6 10 14
BN 77 L0 S B e B L B I B
2 6 10 14 700
500 7.Nolylphenol
o 300
4.4-hexylphenol
200 10 m/z=219
T "'|2"'|"'|6'''|'''|1'0''|"'|1'4"|"'min

2 6 10 14 min

Fig. 19 SIM Chromatogram of Phenols(0.4ppb) by LC/MSD
dukd o 7 HPLC/UV Al2gl8 o]-&3%t bisphenol A ¥ ¢ZAH=F E44 1

LS|
z
EHEY AR

=

HA lppm AE9 4L Jlssith. LC/MSDE o] &3+ H
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A% 7153599} Table 159 Table
162 A #4949 HE:FE digt AEekA, RSD, A4 ot T24, ppt

£ 7FAH, 1.9-35%¢] RSD(N : 5)E E At

Table 15. Detection limit, RSD, and Linearity of Phenols by API/ES

Compound name LOD %RSD Linearity

ppb N:5(1ppb) 100-0.2pph
Bisphenol A 0.6 2.3 0.999
4-t—butylphenol 04 2.1 0.998
4-phentylphenol 04 3.3 0.999
4-hexylphenol 0.2 2.2 0.999
4-t-octylphenol 0.1 4.1 0.998
4-heptylphenol 0.2 2.3 0.999
Nonylphenol 0.2 1.9 0.999
4-octylphenol 0.1 35 0.999

* LOD : Limit of Detection(based on S/N ratio 10)

Table 16. Correlation coefficient of calibration curve, Limit of

detection(LOD) and repeatability with APCI

Correlation MDLx*(ppt) RSD
Phenols coefficient (S/N=3) (N=5, 0.2ppb)
Bisphenol A 0.999 20 3.2
4-t-Butylphenol 0.998 20 4.1
4-n-Pentylphenol 0.999 10 2.9
4-n-Hexylphenol 0.998 20 51
4-t-Octylphenol 0.998 5 2.6
4-n-Heptylphenol 0.999 10 1.2
Nonylphenol 0.998 5 3.1
4-n-Octylpenol 0.999 5 2.2

* MDL : Method Detection Limit

_59_



th. GC/MSDell €] hisphenol A 4]

) AgaBEP Y] B4

i

GC/MSDeM = =7 Elt CI1¢] F 7FA mode’} AH&=H oA =d Ag A&
E4E fete] B Aol M= El modes ol&ste] £4& a8ttt GC/MSD

M

EHAAE AALE AD A AALE ANA e A A% 5E
Ho) rhtet,
WA AxeE AANA GFe A9l dal Gopuw El modeZ A

bisphenol A% mass spectrum< Fig. 203 o] sheld <= i},

ShundeEn=m

L™
®414a==7: Phmnal 4.T-f - msthyisthlidene)be- (A5 T SIS Y,
T = R
3

== -
+

N P

Fig. 20 Mass Spectrum of bisphenol A by GC/MSD

TFig. 20914 <%} #o] bisphenol A9 mass spectrumolA= 119, 213, 223
fragment ©]-2°] AAH+E=H L o]f+ bisphenol A 7} Fig. 213 & ion

patterng zt7] Wi o2 AzbE)

_60_



R

@@

miz = 228(372)

— CH,
o

m_@_&_@_m — 3 @c CHy

miz= 213 miz = 113(357)

Fig. 21 ionization patterns of bisphenol A

2130 o] 7H & A7 = vERd ol f&= 2130]20] 3A @AaE JHHA|7]
mZol 7 bR o)) W or AZbE oI

oA AREHE Tl AAY AAFE AAE wRet & Aol =
silylation -8 AF&3 o o]me] mass spectrum< Fig. 229 o] ey

_61_



Abundance
#222878: bis(trimethylsilyD-bisphenol A

9500

9000 57

8500

8000

7500

kgelele]

6500

6000

5500

4500 (CH,),SiO OSi(CH,)
3/3 3/3

35001

3000

2500

2000

1000

500

1500 197 372

Tt T T T T T T T T T T .
4o 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Fig. 22 Mass Spectrum of silylated bisphenol A by GC/MSD

Silylation ¢ GC/MSD®] &AM & 3579 Eatd o] &o] el AHgFTh

Jduz A oA o A d34E A8 5 Q)

2) AEdA % AHA

FH
AN

A7 Ao ALgH o FE= 1, 10, 100 ppbe) 3pointE o] &£ F o o]
) R27FS 1ol th(Fig. 23). TMS blank #k< °F 300008 =& 1ppbX.th 38 ©]

& A ERst

_62_



Hesponse

4.00e+006

Z2.00e+006

50
Amount
Arnount Rezponze
1.00000000 93335 28416667 j I
10.00000000 481934 52586612
100, 00000000 4647816, 25833676 |- L

Rezponze = 4 B1e+004 * Amt + 3. 33e+004
Coef of Det [r"2] = 1.000 Curve Fit: Linear

Fig. 23 Calibration curve of bisphenol A-TMS

71710 dig AAE AFL pphE 5 W FAdle] AXFow o Ay}
%BRSDZHS: 71608 A& F AdUTHFig. 24). T3 Mean=SDL 0.072388°] %12
W p valuet 0.050]3}o] St}

Abundance

10500
10000
osoo
sooo
asoo
2000
7500
7ooo
eso00
sooo
sso00
sooo
asoo
aocoo
as00
=000
z2s00
2000
1500
1000

so00

Fig. 24 Overlaid chromatogram of bisphenol A-TMS(5 times)
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1. Classification of EDCs by CDC, EPA, WWF, Japan

Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT 1IT. NT HE CASNO
Acenaphthene C NA. NA Yes NA NA NA NA 8329
2-Acetylaminofluorene C Yes Yes Yes Yes NA NA NA 5-%3

Yes
Alachlor H Yes  Yes S M) No NA NA EE 15972-60-8
Yes
Alidicarh N NA.  No No Yes Yes NA 116-06-3
(S, M)
Yes
Aldrin 1 NA  E © Yes NA NA  NA  309-00-2
Alkylphenol C NA. NA NA NA NA NA EE
Alkylphenol
C NA. NA NA NA NA NA EE
ethoxulates
Yes
(Not
AR,
Yes
Allethrin I NA Mo ) NA  Yes Yes proges 584-79-2
terone
antagoni
st
Yes N
(Cata 0
Amitrole H Jase Yes (A) No NA NA  Yes 61-8-5
E
inhibit)
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR. MUT. DT IT. NT HE CAS NO.

Anthrancene C 0 Yes No E  NA No. NA NA 120-12-7
Arsenic M 0 Yes Yes Yes Yes Yes Yes NA  7440-38-2
No(S,
Yes
C,M
v (weak
Atrazine H 0 0 0 NA  Yes (;{S Yes No Yes AE, 1912-24-9
' AA
Comet
) Not EE)
L No
Azadirachtin 1 0 NA NA @) NA NA NA  Yes 11141-17-6
Yes Not
Benomyl F 0 0 0 Yes E (MS) Yes NA Ves E; 17804-35-2
E(G) -
Benzo(a)anthracene C 0 NA  Yes VYes NA Yes NA AE  5-55-3
Benzo(a)pyrene C 0 0 O Yes Yes Yes Yes Yes NA AE 50-32-8
Benzo(h) Yes
C 0 NA  Yes NA NA NA NA 20592
fluoranthene (A)
Benzo(k) Yes
C 0 NA  Yes NA NA NA NA 207089
fluoranthene (A)
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR. MUT. DT IT. NT HE CAS NO.

Benzophenone C 0 0 NA NA NA NA NA NA NA 119619
No
alpha-BHC 1 NA  Yes ) NA NA NA NA 319846
No Weak
Beta-BHC 1 0 0 0 0 NA Yes Yes Yes NA 319-8-7
(A) EE
No
(A) Yes
gamma-BHC
) I 0 0 0 0 Yes Yes Yes VYes Yes VYes (AE, 58-89-9
(lindane)
M, EE)
0
Anti N
Biochanin A p 0 oxidan NA. (AO) NA NA NA EE 491-8-5
t
Bisphenol-A C 0 0 0 0 NA B oy owa owA T s
isphencl A © A NA
6-Bromonaphtol-2 C 0 NA NA NA NA NA NA EE 1521-91-1
n-Butyl benzene C 0 NA NA NA NA NA NA NA 10451-8
No EE,
Butyl henzyl phthalate(BBP) C 0 0 0 0 NA E @ Yes NA No A 85-68-7
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR. MUT. DT IT. NT HE CAS NO.

Di-n-Butyl phthalate C 0 0 0 NA NA Yes Yes NA NA EE §7-%4-2
Butylated v
es
hydroxyanisole 0 0 Yes  Yes © Yes NA NA EE  25013-16-5
(BHA)
Butylated Not
o
hydroxytoluene 0 Yes Yes Yes Yes NA NA - 128-37-0
(BHT) o
Anti
2-t-Butylphenol 0 -oxid NA. NA NA NA NA NA 8186
-ant
4-sec-Butylphenol 0 NA NA NA NA NA NA EE 99-71-8
4-n-Butylphenol 0 NA NA NA NA NA NA NA 1638228
3-t-Butylphenol 0 NA NA NA NA NA NA NA 585-3%-2
Cadmium 0 Yes Yes Yes Yes Yes Yes  Yes 7440-43-9
No
@ Yes
Carbaryl 1 0 0 0 Yes Yes v Yes  Yes Yes (Not 63-25-2
es
EE)
M, )
{continue)

_95_



Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT IT. NT. HE CAS NO.
Carbendazim Yes
. F 0 NA NA Yes NA NA  NA  10605-21-7
(Bevistin) (MS)
Centchroman E 0 NA NA NA Yes NA NA EE 31477-60-8
Yes
Chlordane 1 0 0 0 0  Yes Yes Yes Yes VYes Yes (Not 57-749
EE)
No
Chlordecon (A)
1 0 0 Yes Yes Yes NA Yes EE 143-50-0
(Kepone) Yes
)

Chlorobenzenes C 0 NA VYes Yes No NA Yes 180-90-7
Chlorophenate C 0 NA NA NA Yes NA NA NA 108430
) Not
Chlorothalonil F 0 Yes Yes Yes NA NA NA CE 1897-45-6

No
Chlorpropham H 0 NA NA @ Yes NA  Yes NA 101-21-3
No Yes
Chlorpyrifos 1 0 Yes NA (AS) Yes NA  Yes (Not 2921-88-2
Yes(G) EE)
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Yes
Chrysene C 0 NA  Yes @) NA No NA NA 21801-9
) No
Clofentezine 1 0 NA Yes (AM) NA NA NA  Yes T74115-24-5
Yes
Copper M 0 Yes E @ Yes  Yes No EE  7440-50-8
Anti N
o
Coumestrol p 0  -oxid NA @) Yes NA NA EE 479-13-0
-ant
Cyhexatin 1 0 NA NA No NA NA NA NA 13121-70-5
No
(AS,
Cypermethrin H 0 0 Yes No C) No Yes VYes NA 52315078
Yes
@),
Yes
) Yes
24-D 1 0 0 0 0 Yes Yes No VYes NA  Yes (Not %4757
(ASC EE)
M)
Anti No
Daidzein P 0 -oxid NA, (A) NA NA NA EE 4868
-ant E
p,p'-DDD 1 0 0 0 0 NA Yes Yes NA Yes NA EE 72-54-8
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
AA
pp'-DDE 1 0 0 0 0 NA Yes VYes Yes VYes NA CE 72-55-9
No
(A)
pp'-DDT 1 0 0 0 0 Yes Yes v Yes Yes Yes EE  50-29-3
es
(@
Yes
DES E 0 Yes Yes M) Yes Yes NA EE 56-53-1
1,2-Dibromo-3-chloropropan Yes Yes
0 0 0 NA Yes Yes NA NA 96-12-8
e (A) (FSHI)
. o Yes
Dibromoacetic acid(DBAA)  C 0 NA NA ) Yes NA NA NA 631-64-1
2,4-Dichlorophenol C 0 0O Yes Yes NA Yes NA NA NA 120-8-2
Dichlorovos LF 0 NA VYes Yes No NA Yes NA 062-73-7
No
) (A) Not
Dicofol(Kelthane) 1 0 0 0 NA Yes Yes NA  Yes 115-32-2
Yes EE
©)
Dicyclohexyl phthalate C 0 0 NA NA NA NA NA NA NA 84617
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Dieldrin 1 0 0 0 0O Yes Yes No VYes Yes Yes EE 60-57-1
, Yes
Diethyl phthalate C 0 0 NA NA @) Yes NA NA EE 84662
, . No
Diethylhexyl adipate C 0 0 NA Yes @) NA NA NA NA 1I-8-6

No
(bacte
rial
) liquid Yes
Diethylhexyl
C 0 0O  Yes VYes suspen Yes NA  No (Not  117-81-7
phthalate(DEHP) .
sion EE)
assay)
Yes
CA)
, No
Diftubenzuron 1 0 NA NA (AM) NA. NA NA NA 35%7-385
Dihexyl phthalate C 0 0 NA NA NA NA NA NA NA 84753
44" -Dihydroxyhiphenyl C 0 NA NA NA NA NA NA NA 9286
, Yes
Dimethyl mercury C 0 NA NA @ NA NA Yes NA 593-74-8
) No Not
Dinoseb H 0 Yes NA Yes NA NA 83-85-7
(A) EE
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Dipropyl phthalate C 0 NA NA NA Yes NA NA NA 131-16-8
4-Dodecylphenol C 0 NA NA NA NA NA NA NA 104-43-8

Yes
Endosulfan 1 0 Yes Yes cs) Yes Yes Yes EE  115-29-7
No
(A)
Yes
Endrin I 0 Yes VYes (DNA Yes NA Yes NA 72-20-8
single
strand
break)
Weak
Enterolactone p 0 NA NA No NA NA NA CE 8473-71-9
Anti
Equol P 0 -oxid NA. NA Yes NA NA EE 531-%-3
-ant,
Esfenvalerate 1 0 NA NA NA Yes NA NA NA 66230-04-4
Neur-
Estradiol E 0 NA Yes No Yes Yes opro- Yes 50-28-2
tection
Enthiozin H 0 NA Yes NA NA NA NA NA 64529-56-2
{continue)

- 100 -



Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT. HE CAS NO.,
Ethylene dibromide
) F 0  Yes Yes VYes Yes NA NA NA 106-93-4
(1,2-Dibromoethane)
Ethylene Yes
) F 0 NA Yes Yes NA  Yes  Yes 96-45-7
thiourea(ETU) (A)
Yes,
preve
ntion
of
Ethynylestradiol E 0 Yes estro No Yes NA NA EE 57636
gen
carcin
-ogen
-esis
Fenoxycarb 1 0 NA NA NA NA NA NA NA 79127-80-3
No
(A) Yes
Fenvalerate 1 0 Yes Yes No NA  Yes 51630-58-1
Yes (EE)
(80
Fluazifopbutyl H 0 NA NA NA NA NA NA NA 69806-50-4
Anti N Yes
o
Formononetin p 0 -oxid NA. @ NA NA NA (Weak 485-72-3
-ant, EE)
Anti i
o . Anti- No
Genistein p 0 -oxid No NA NA EE 44672-0
cancer  (A)
-ant
Heptachlor 1 0 Yes Yes VYes Yes VYes Yes EE 76-44-8
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
. No
Heptachlor epoxide 1 0 0 0 Yes Yes @) No NA Yes NA 1024-57-3
Not
Hexachlorobenzene F 0 Yes Yes No Yes VYes Yes EE 118-74-1
33/ 4455~ Yes
) PCB 0 NA NA NA Yes VYes NA 26601-64-9
Hexachlorobiphenyl (AE)
Hexaconazole F 0 NA NA NA NA NA NA NA 79983-71-4
Yes
(DNA
Hexestrol E 0 No  Yes Yes NA NA  Yes 84162
stand
break)
No
(A)
) Yes
2-Hydroxyestradiol E 0 0 Yes No NA NA NA  Yes 362-05-0
(DNA
stand
break)
Yes
Indeno(1,2,3-cd)pyrene C 0 NA Ve ) NA NA NA NA 193395
Toxynil H 0 NA NA NA NA NA NA NA 1689-83-4
Iprodione F 0 Yes NA NA NA NA NA AA 36734197
Lead M 0 0 0 0 Yes E E  Yes Yes E NA.  7439-92-1
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Linuron H 0 NA Yes E Yes VYes NA AA 330-5%2
Yes
Malathion I 0 0 NA No E Yes VYes Yes (Not 121-75-5
EE)
Yes Yes
Mancozeh F 0 0 0 NA Yes Yes Yes NA 8018-01-7
@ (T41)
Not
Maneb F 0 NA No NA Yes NA Yes BE 12427-33-2
Manganese M 0 Yes E  Yes Yes NA Yes NA 7439-96-5
mercury M 0 0 0 0 Yes E  Yes Yes VYes Yes Yes 7439-97-6
No
(A)
Methomyl 1 0 0 0 NA NA v No NA NA NA 16752-77-5
es
MC)
Yes
Methoxychlor 1 0 0 0 Yes Ves @) Yes Yes NA EE 72-43-5
) Yes
Methyl parathion 1 0 Yes No ) Yes No Yes EE  293-00-0
) Yes Not
Metiram F 0 0 NA NA Yes NA NA 9006-42-2
@ EE
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Yes Not
Metolachlor H 0 NA NA NA. NA NA 51218-45-2
(A) EE
Metribuzin H 0 0 0 Yes No VYes Yes NA NA  Yes 21087-64-9
) No Not
Mirex 1 0 0 0 Yes Yes Yes  Yes Yes 2385-85-5
(A) EE
Yes
Molinate H 0 NA NA (CS, VYes NA NA NA 2212671
M)
, Yes
Nitrofen H 0 0 0 NA Yes @) Yes NA  NA  Yes 183%6-75-5
p-Nitrotoluene
) C 0 0 NA NA Yes NA Yes NA EE 99990
(4-Nitrotoluene)
Trans-Nonachlor 1 0 0 0 0 NA NA NA NA NA NA EE 397%5-80-5
EE,
Nonylphenol C 0 NA NA NA NA NA NA AR 25154-52-3
4-Nonylphenol C 0 0 0 NA NA NA Yes NA NA EE 104-4-5
Nonylphenol -ethoxylates C 0 NA NA NA NA NA NA NA 9016-45-9
{continue)

- 104 -



Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Not
Octachlorostyrene C 0 0 NA NA NA NA NA NA BE 29082-74-4
Octylphenol C 0 NA NA NA NA NA NA EE 27193-28-8
4-Octylphencl C 0 NA NA NA Yes NA NA EE 1806-264
4-t-Octylphenol C 0 NA NA NA Yes NA NA EE 140-66-9
Octylphenol ethoxylates C 0 NA NA NA NA NA NA NA 9002-93-1

. Yes
Oryzalin H 0 NA NA G NA NA NA NA 19044-88-3
Oxychlordane 1 0 0 0 0 NA NA NA NA NA NA NA 2734138

Yes
Oxydemetonmethyl 1 0 NA NA (AM Yes NA NA NA 301-12-2
S)

. Not
Parathion(ethyl) I 0 0 0 NA Yes NoS) Yes NA  Yes B 56-38-2
PBB C 0 NA VYes NA Yes NA Yes NA 59536-65-1

{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
No Yes
PCBs C 0 0 0 0 Yes VYes (in VYes Yes VYes (EE, 133%-36-3
vivo) AE)
Pendimethalin H 0 NA NA NA NA NA NA  Yes 40487-42-1
33445,
) PCB 0 NA NA NA NA NA NA AE  25429-29-2
Pentachlorobiphenyl
Pentachloronitrobenzene F 0 0 NA VYes Yes NA NA NA  VYes 82688
Yes Yes
Pentachlorophenol C 0 0 0 0 Yes Ves Yes  Yes  Yes 87-86-5
) (EE)
Di-n-Pentyl Phthalate C 0 0 NA NA NA Yes NA NA  Yes 131-18-0
4-t-Pentylphenol C 0 NA NA NA NA NA NA EE 80466
No Not
. (A) EE.
Permethrin 1 0 0 0 NA E No Yes No 52045-53-1
Yes Yes
© AE.
Phenanthrene C 0 Yes NA  Yes NA NA NA NA §-01-8
Phenylphenol F 0 Yes Yes Yes NA NA NA NA 90-43-7
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT. HE CAS NO.
) Yes
Procymidone F 0 NA Yes NA Yes NA NA (AA) 32809-16-8
Pronamide F 0 NA Yes NA NA NA NA NA 239%50-58-5
4-Propylphenol C 0 NA NA NA NA NA NA NA o557
Pyrene C 0 NA E E NA NA NA NA 129000
Pyrethroids(synthetic) 1 0 0 0 Yes NA Yes NA Yes Yes EE
Pyrimidine carbionol family 1 0 NA NA NA NA NA NA NA
Anti
Raloxifene E 0 -oxid NA. NA Yes NA NA AE  84449-9%-1
-ant,
o Not
Simazine H 0 0 NA NA E NA NA NA EE 122-34-9
Yes Not
Styrene C 0 Yes E Yes Yes  Yes 100-42-5
@ EE
No
245-T H 0 0 0 NA Ve ) Yes NA NA NA 93765
{continue

- 107 -



Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
) AE.
Tamoxifen E 0O  Yes VYes VYes VYes NA Yes EE 10540-29-1
AE.
2,3,18-TCDD C 0O Yes Yes E Yes Yes NA  Not 1746-01-6
EE
No
PCDD, PCDF, furan C 0 NA Yes @ Yes Yes NA AE -
) No Yes
3,3' 44" -Tetrachlorobiphenyl PCB NA  Yes Yes NA  Yes 32598-13-3
M) (AE)
Tin M NA Yes No NA NA NA NA T7440-31-5
Yes EE,
Toxaphene 1 0 NA Yes Yes Yes NA 8001-35-2
(AS) AE.
Tributyltin chloride B F NA NA NA Yes Yes NA NA 1461-22-9
Tributyltin compound F 0 Yes NA NA Yes Yes Yes NA 56573-8-4
. L Yes
Tributyltin oxide C 0 NA Yes @ Yes Yes Yes  Yes 56-35-9
v Yes
es
Trifturalin H 0 NA Yes M) Yes NA NA  (Not 1582-09-8
' EE)
{continue)
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Compounds Type CDC EPA WWF JPN FR. CAR MUT. DT. IT. NT HE CAS NO.
Triforine F 0 NA NA NA NA NA NA NA 26644-46-2
Triphenyltin acetate B 0 NA NA NA VYes Yes VYes NA 900-9%-8
) ) . Yes
Triphenyltin hydroxide B 0 NA NA @) Yes Yes NA NA 76879

No .
Vinclozolin 1 0 0 0 Yes (s (Cess) Yes NA NA  AA 50471-44-8
mice)
) Yes Not
Zineh F 0 0 No E Yes NA NA 12122-67-17
@ EE
) Not
Ziram F 0 0 0 No Yes Yes Yes NA NA BE 137-30-4
Total 166 48 60 67 1A

Abbreviations used in Tables:

O = Present on this list, N.A. = Not Available, EPA = Environmental Protection Agency, CDC = Centers for Disease

Control and Prevention, WWF = World Wildlife Fund Canada from the internet 8/27/96, JPN. = National Institute of

Health Sciences(Japan), FR. = Free Radical CAR. = Carcinogenicity, MUT. = Mutagenicity (G:Genotoxic effect,

AtAmes'test, C:Chromosome aberration, M:Micronuclei,

S:Sister-chromatid exchange), D.T. = Developmental Toxicity,

LT, = Immunotoxicity, N.T. = Neurotoxicity, HE. = Hormonal Effect (EE.=Estrogenic effect, A.E.=Antiestrogenic effect,

A A =Antiandrogenic effect), E = Equivocal, B = Biocide, I = Insecticide, H = Herbicide, N = Nematocide, F = Fungicide,

C = Industrial Organic Chemical, M = Metal, PCB = Specific PCB isomer, E = Synthetic estrogen, P = Phytoestrogen
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2. Physical Properties of EDCs

MP. BP. Water FR.
Compound . ) MW, - Formular ER. . SG VD
() () Soluhility ()
0.000347
Acenaphthene % 279 15421 CiHio - 125 1069 532
g/100 mL
2- 0.000529
) 194 303 - CisHisNO - - - -
Acetylaminofluorene g/100 mL
100 at
395- 0024 Li33@
Alachlor 0.020 26977 CuaHaoCINO; - - . -
415 g/100 mL %/1567T
mmHg
soluble,
. 0.01-01
Alidicarb Y Dec 190.27 CrHuNoOsS - - 1.195 -
g/100 mL
at 22T
Insoluble.
Aldrin 104 145 36491 0.000018 CrHeCls - - - -
g/100 mL
Alkylphenol - - - - - - - - -
Alkylphenol ) ) ) ) ) ) ) ) )
ethoxulates
Allethrin - 160 30241 Insoluble, CisHas03 - - 101 -
Amitrole 159 200 84,08 28¢/100 mL CoHaNy - - 1138 -
Insoluble.
Anthrancene 2175 340 17823 000000434 CuaHupo - 121 1.28 6.2
g/100 mL
Arsenic 817 - 49216 Insoluble. As - - - -
Slightly
) soluble,
Atrazine 175 200 21568 CeHiCINs - - 1.187 -
0007
g/100 mL
S 154~
Azadirachtin 158 - 646.69 - CyHeOrs - - - -
<0.1g/100 mL
Benomyl 140 Dec 290,32 . CuHigN4Oz - - - -
at 0T
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
0,0000014
Benzo(a)anthracene 1598 4376 22829 CisHuo - - - -
g/100 mL
Insoluble.
Benzo(a)pyrene 1765 495 25231 0,00000038 CooHuo - - 1,351 -
g/100 mL
B 0,00000012
enzoll) 5 % %3l Catty - - -
fluoranthene g/100 mL
Benzo(k) 0,000000055
215.7 430 252,31 CooH. - - - -
fluoranthene g/100 mL .
Insoluble.
Benzophenone 485 3054 18222 (<0.1g/100 mL at CisHoO - 143 11 6.3
%BT)
Insoluble.
alpha-BHC 158 283 29083 0.0002 CeHsCls - - - -
g/100 mL
Beta-BHC WoH W his CHCL e
e ' /100 mL e (19%)
Biochanin A - - 284,27 - CigH1z0s - - - -
20 at 1.195
) 150~ <0.1g/100 mL at
Bisphenol-A 4 20829 . CisHi602 - 227 g/on -
159 215C .
mmHg %/25C
121-
6-Bromonaphtol -2 195 - 22307 - CioH7BrO - - - -
n-Butyl benzene -88 183 134.22 Insoluble, CioHu - 59 086 -
Butyl benzyl 0.000269
<3 370 312,36 CigHaeQ - - 11 -
phthalate(BBP) g/100 mL A
Slightly
) soluble,
Di-n-Butyl phthalate -35 340 218,35 0013 CigHaosO4 - 171 L3 96
g/100 mL
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Butylated
. <0.1g/100 mL at
hydroxyanisole 48 264 180.25 1857 CuHigOp - 130 - -
(BHA) '
Butylated
hydroxytoluene il 265 22035 - CisHuO - 127 1.048 76
(BHT)
2-t-Butylphenol -7 221 150.22 - CioHu0 - 110 0978 -
4-sec-Butylphenol - - 150.22 Insoluble. CioHu0 - - - -
4-n-Butylphenol 2 248 150,22 Tnsoluble. CioHu0 - 121 0.978 -
3-t-Butylphenol 41 240 150.22 - CioHu0 - 108 - -
Cadmium 3209 765 11241 Insoluble, Cd - - - 39
Insoluble. 1.23@
Carbaryl 142 315 201.24 000826 CroHuNO, - 027 0T/ -
g/100 mL 4T
Carbendazim 302- <0.1g/100 mL at
o - - . CoHaNyO9 - - - -
(Bevistin) 307 21T
Centchroman - - - - - - - - -
Insoluble.
Chlordane 105 175 40978 0.0000056 CuHeCls - - 16 -
g/100 mL
Slightly
Chlordecon soluble,
350 350 490.63 CuClO - - - -
(Kepone) 0.00076
g/100 mL
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Slightly
soluble,
Chlorohenzenes 456 130 11256 CeH:Cl L07 29 11066 39
0.0497
g/100 mL
Slightly
soluble,
Chlorophenate A 214 12856 1-5 CeH:CIO - 97 1.268 -
g/100 mL
at 15T
Chlorothalonil 250 - 26591 0.06g/100 mL CsCLiNy - - 18 -
<0.1g/100 mL at
Chlorpropham 407 247 213.66 18C C1oH12CINO2 - - 118 -
Insoluble.
Chlorpyrifos 2-435 200 35059 0.00013 CeHuCNOSPS - - 1.398 -
g/100 mL
Insoluble.
Chrysene 2353 448 22829 000000018 CigHug - - 1.274 -
g/100 mL
Clofentezine 182.3 - 30315 - CraHsClaNs - - - -
Insoluble.
Copper 1083 2595 6355 001 Cu - - 892 -
g/100 mL
Coumestrol - - 26823 - CisHsOs - - - -
Cyhexatin 245 - 385,16 - CisHx05n - - - -
. 170
Cypermethrin 60-80 E 416.30 Insoluble. CogHigClaNOs - - 112 -
Slightly
160 at soluble,
24-D 138 221,04 CeHeCla03 - - 1.563 -
0.AmmHg Decomposes. 0.08%0
g/100 mL
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Daidzein - - 254,24 - CisHioO4 - - - -
0.000016
pp'-DDD 109 193 32004 CuaHioCly - - 1.385 -
g/100 mL
'-DDE 88-90 3165 31803 OR0RDTS CuHCl - - - -
pp : . /100 L 145150l
Slightly
soluble,
pp'-DDT 109 3645 35449 CuHoCls - - - -
000000017
g/100 mL
<0.1g/100 mL at
DES 169 - 26835 . CigHz0s - - - -
20T
1,2-Dibromo-3-chlorop 0.123
6 195 23633 CqHsBrCl - - 205 -
ropane g/100 mL
Dibromoacetic - B0
_ _ , _ " _ _ _ _
acid(DBAA) S
Slightly
2,4-Dichlorophenol 45 210 163,00 soluble, CeHiClO - 113 1.383 -
0.45¢/100 mL
Slightly
Dichlorovos -60 140 22098 soluble, CaHrClOP - - 1415 -
1g/100 mL
Slightly
) soluble,
Dicofol(Kelthane) 85 225 37049 CuHoCl:0 - - 145 -
<0.1g/100 mL
at 22T
220
Dicyclohexyl at 10
62-65 33042 Insoluble, CooHas04 - 107 12 -
phthalate g
(dec)
Insoluble.
Dieldrin 176 385 38091 0.00002 CreHsCleO - - 175 -
g/100 mL
Insoluble.
Diethyl phthalate -3 298 200.24 0.089% CraHi404 - 160 L8 176
g/100 mL
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Insoluble.
! ' <001
Diethylhexyl adipate -678 A17 37057 CoHazO4 - 1% 0.928 -
g/100 mL
at 22T
Slightly
Diethylhexyl soluble,
-50 3369 39056 CoaHas04 - 19 09732 -
phthalate(DEHP) 0.000034
g/100 mL
Difluby A - 31069 poms CuHeCIFN:0 - - - -
iflubenzuron 0 ! 2100 L 1HoCIFNO2
Dihexyl phthalate -58 350 334,45 Tnsoluble. ConHzo04 - 176.7 - -
44!
) ) 213 - 186.21 - CroHioOp - - - -
-Dihydroxybiphenyl
Dimethyl mercury - - 230,66 Tnsoluble. CoHsHg - - - -
! 0.0052
Dinoseb 55.2 42 240.21 CioHizN2Os - - 129 -
g/100 mL
Dipropyl phthalate <25 304 25029 - CuaHis04 - 163 1.08 -
4-Dodecylphenol - - 262,43 - CisHz0 - - 09% -
<001 1.745
Endosulfan 106 - 40692 g/100 mL CeHeCls0sS - - g/or@ -
at 23T 20/20C
) 200 245 0.00002%6 170
Endrin 38091 CreHsCleO - - . -
(dec) (dec) g/100 mL @nt
Enterolactone - - - - - - - - -
Equol - - - - - - - - -
151-
Esfenvalerate 59 67 41990 - CosHo2CINO3 - - - -
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Estradiol 144 - 356.50 - CogHz03 - - - -
Enthiozin - - - - CaHngN4OS - - - -
Slightly
Ethylene dibromide soluble,
) 997 1317 187.86 CoHaBry - 1 2701 65
(1,2-Dibromogthane) 04152
g/100 mL
soluble,
putene mo - oams o
thiourea(ETU) ' g/100 mL ’
at 18T
142 <ol
Ethynylestradiol 6 - 296,41 g/100 mL ConHoiOs - - - -
at 21T
Fi b 53-54 301,34 — CrHigNO.
- N _ , _ _ _ _
enoxycar 2100 L 17H1NOy
Fenvalerate - 300 41991 - CosHo2CINO3 - - - -
165 at
. 0.0001
Fluazifophutyl 13 002 383,37 CigHnFNO4 - - - -
g/100 mL
mmHg
Formononetin - - 26827 - CigHi204 - - - -
Genistein - - 270.24 - CisHio0s - - - -
Insoluble.
Heptachlor % 135 37332 0.000018 CuHeClr - - 158 -
g/100 mL
) 0.0000275
Heptachlor epoxide 160 200 389.32 CioHsClO - - 158 -
g/100 mL
Insoluble.
Hexachlorobenzene 230 332 28478 000000062 CeCls - 242 2044 -
g/100 mL
33/ 4455~
] - - 36038 - CrHdCls - - - -
Hexachlorohiphenyl
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Hexaconazole - - 31421 - CuHrClN:O - - - -
Hexestrol - - 21037 - CigHz0s - - - -
2-Hydroxyestradiol - - 288,39 - CigHoOs - - - -
0.0000062
Indeno(123-cd)pyrene 1625 536 21634 CoHr - - - -
g/100 mL
Toxynil 200 - 37091 - C/H3INO - - - -
: 0.0013 CiaHisCle
Tprodione 136 - 33017 - - - -
g/100 mL -NsOy
Lead 32743 1740 20720 Insoluble, Ph - - - -
] Decomposes,
Lindane
( BHC) 1129 3234 29083 0.00073 CeHeCls - - 187 -
e o/100 mL
93 180 0.0075
Linuron 249.09 CoHi1oClNOg - - - -
-94 -19 g/100 mL
Malathi 285 156 330.36 Lo CoHiOsPS - - 1.2076 -
athion ; } /100 L 10H1906PSs .
192- Practically
Mancozeb - 265.3 CaHsMnNsS4 - - - -
194 Insoluble.
Slightly
Maneb - - 266.3 C4HsMnNsSs - - - -
soluble,
Manganese 1245 2097 54,9380 Decomposes, Mn - - - -
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Very slightly
s01.(0.002
Mercury -39 3565 50059 Hg 4 - 1353 69
g/100 mL
at 0C)
Methomyl B 198 soluble CHENOS
ethom; , - - - -
g 589/100 mL e
Methoxychl 78 346 345,65 o CisH1Cli0 141
ethoxychlor ! - - ; -
XY /100 mL 16H1501502
143 at
) 0005
Methyl parathion 3 1.0 26321 CeHioNOsPS - 46.1 136 -
g/100 mL
mmHg
) Practically
Metiram 140 - 1088.65 CisHzNi1S1s-Zng - - -
Insoluble.
100 at 530
Metolachlor <% 0.001 286,79 . CisHaCINO; - - - -
mg/mL(20C)
mmHg
o Slightly
Metribuzin 125 - 21429 CeH1aN4OS - - 1.28 -
soluble,
<0.1
Mirex 485 dec 54554 g/100 mL CuoClg - - - -
at 24T
202 at
) 0.08
Molinate - 10 187.30 CoHuNOS - - 106 -
g/100 mL
mmHg
180 <o
Nitrofen 70 1% 284,09 g/100 mL CroHrCENOs - - - -
at 21T
, <0.1
p-Nitrotoluene
) 545 2383 137.14 g/100 mL CiHINO, - 103 1392 47
(4-Nitrotoluene) .
at 205T
Trans-Nonachlor - - 44423 - CioHsCly - - - -
293-
p~Nonylphenol - 220,35 - CisHuO - - - -
297
{continue)

- 118 -



MP. BP. Water FR.
Compound . . MW - Formular ER. . SG VD
() () Soluhility ()
4-Nonylphenol - - 220,35 - CisHuO - - - -
Nonylphenol ) ) ) ) ) ) ) ) )
-ethoxylates
Octachlorostyrene - - 3191 - CeCls - - - -
2-Octylphenol - - - - - - - - -
4-Qctylphenol 41 - 206,33 - CuHz0 - - - -
4-t-Qctylphenol - - 206,32 - CuHz0 - - - -
Octylphenol
-4 120 250,38 - [CisHesO2n -1 274 1.084 21
ethoxylates
Oryzalin 141 - 346,36 - CizH1NiOsS - - 1.2 -
Oxychlordane - - 237 - CioHCls0 - - - -
106 15
Oxydemetonmethyl <-10 at 001 2463 g/100 mL Ceths04PS2 - - - -
mmHg at 16T
Slightly
Paathionethyl) 61 35 291% soluble CHNOPS - - 1% -
arathion(ethyl . , 0000654 10H 14 ;
g/100 mL
PBB - - - - - - - - -
215~
. 14
420 ) Slightly )
PCBs - Variahle Variable - 1% (Aroclor -
(Aroclor soluble,
1254)
1254)
PCDD, PCDF,
- - 306.97 - CreHCLO - - - -
furan
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Pendimethalin 56-57 330 281.31 - CiaHigNsOs - - L17 -
33445,
) - - 32644 - CrHeCls - - - -
Pentachlorobiphenyl
) Tnsoluble.
Pentachloronitrobenzen
144 328 295,33 0.000059 CeClENO, - - 1718 -
’ o/100 mL
Insoluble.
Pentachlorophenol 174 310 266,34 0.0014 CsHCls0 - - 1.979 92
g/100 mL
! Q1
Dirn-Fentyl o T Y /100 mL CollA0 W -
Phihalate ' . S '
at 0T
Q1
4-t-Pentylphenol 91-94 25 164,24 g/100 mL CuHis0 - 120 - -
at 26T
200 at Insoluble.
Permethrin 34-35 0.05 391.29 0.00002 CaHaCloOs - - L19 -
mmHg g/100 mL
0.000118
Phenanthrene 95 340 17823 CuHuw - - 1.063 -
g/100 mL
Insoluble.
Phenylphenol 57 282 170,21 <o CioH0 123 1.213
enylpheno ) 2100 L 12H10 .
at 205T
) 166~
Procymidone - 284,14 - CusHuClaNO2 - - - -
166.5
) 155~ 0.0015
Pronamide 321 256,13 CiHuCENO - - - -
156 g/100 mL
4-Propylphenol 2 232 136,19 - CeHiz0 - - 098 -
P 156 404 202,25 R Cil - 210 L.21 -
yrene . /100 1 15H10 ’
Pyrethroid
e 0,1 ¢ - - - Insoluble, - - - - -
(synthetic)
{continue)
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MP. BP. Water FR.
Compound . . MW, - Formular ER. . SG VD
() () Soluhility ()
Pyrimidine ) ) ) ) ) ) ) ) )
carhionol family
Raloxifene - - 47359 - CsHzNOSS - - - -
L 0.0005
Simazine 225 225 201.66 CiHi2CINs - - 1.302 -
g/100 mL
0032
Styrene -306 1452 10415 CsHs - 32 09045 36
g/100 mL
Decomposes, 0024
245-T 158 Dec 25548 CeHeCls03 - - 1.803 -
g/100 mL
Tamoxifen - - 37152 - CosHzNO - - - -
500 0.0000000019
2,3,18-TCDD 295 32197 CioHiCliOs - - - -
(dec) g/100 mL
3,3 A4"-Tetrachlorobip
- - 291,99 - CioHCle - - - -
henyl
Tin 2319 2210 11871 - Sn - - 73 -
Practically
Insoluble.
Toxaphene 65-90 dec 41380 - - -18 166 -
0.000055
g/100 mL
171-
. ) . 173
Tributyltin chloride -9 L5 32549 - CiHzClSn - - 12 -
a
mmHg
Tributyltin 80 at
- 291.06 - CroHasSn - 40 1,082 -
compound 4 mmHg
0.1
Tributyltin oxide - 180 596.10 g/100 mL CoHs0Sng - - 117 -
at 215T
Practically
Insoluble.
Trifturalin 485 139 33528 <001 CigHigFsNsOx - - 1.294 -
g/100 mL
at 225T
{continue)
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M.P. BP. Water FR.
Compound MW, B Formular ER. . SG VD
() () Soluhility ()
— 155 . 1% 0003 CioH14CeNs ) ) ) )
(dec) g/100 mL -0y
Triphenyltin acetate - - 409,05 - ConH1s025n - - - -
<1
Triphenyltin hydroxide 111;; - 36701 g/100 mL CisHis0Sn - - 154 -
at 21C
131 at
Vinclozolin 108 0.05 286,11 - CraHoCENO3 - - - -
mmHg
Practically
Insoluble.
Zineh - - 2157 <01 CaHsNsS4Zn - - - -
g/100 mL
at 5C
) 0,0065
Ziram 250 - 305.8 CeHiNoSeZn - - 166 -
g/100 mL

Abbreviations Used in Table

MP.: Melting Point, BP.: Boiling Point(Dec. : Decomposes), MW.: Molecular Weight, ER.: Evaporation Rate F.P.: Flash

Point, S.G: Specific Gravity, V.D.: Vapor Density
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3. List of EDCs and regulation

IARC
Japan Korea A
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of gz;rga%t ?asmﬁcaﬂon CAS number
Agency) Environment) g OL carcnogens
and Toxicity
Acenaphthene - - - - - 83-32-9
Liver,
2- Acetylaminof b1adder, - LD50(oral, mouse):
) - - - kidney, 1020 mghke 15972-60-8
uorene panereas mg
skin, Tungs
. Reglstlered, Manrlle Agrochemical (Reg - - LD50(oral, mammals)
Alachlor - There is no OSHA PEL Pollution Prevention | ) 15972-60-8
Lag istered) © 3000mg/kg
Toxic Chemicals + Group 3
, ) Unregistered in (Banned'91), . « LD50(oral, rat): .
Aldicard Japan Agrochenica Gmgkg kg : 00
(Banned'91 LD50 (rat) 25 mg/kg
Law Concerning the
- OSHA GeNERAL Examinlation and
INDUSTRY Regulation of
STANDARDS: léflhanulfaacltusre,b ettc,, of
0Zmgm’ twa(Skin) o
TrREsHoLD Ty o L 1 ONS, Tiver, O
Adin VALUE 05 g 15411 19 - o Verl;i *LDSO (oral, rat)t 67 309-00-2
o Soil-persistent MEys, sin makg
TWA(Skin) .
Agricultural
'RECOMMENDIEI; 09 Chemicals, Poisonous
EXPOBS URE L M T 025 and Deleterious
mg/m" TWA(Skin) Substances Control
Law, POPs
Marine Pollution -
Alkylghencl Prevention Law
Alkylphenol ) ) ) ) ) )
ethoxylates
Allethrin - - - - - 584-79-2
+ THRESHOLD 3LH\/HT
VALUE: 0.2mg/m" TWA . Agrochemical + Group 2B
Amitrole " RECOMMENDED (P4 M U0 B0 (Gnreisered i~ +LD6O onal, ra) 500 10 5
EXPOSURE  LIMIT: >amtation Law g ) mg/kg
02mg/m’ TWA
Anthracene *PEL 02mg/m’ - - - < Group 3 120-12-7
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Japan Korea

IARC

o ! I Target classification
Compound OSHA Exposure Limits (Japark ggr\{éry%mnent E(nlelr;l;ntlrnyer?tf) Organ of carcinogens CAS number
and Toxicity
+ THRESHOLD LIMIT
VALUE: 5 mg/m’ TWA Unpegitered i - Group 3
Atrazine - RECOMMENDED Registered ggfg Hed - <150 (oral, rat) 1750 1912-24-9
EXPOSURE LIMIT: 5 mg/kg
mg/m3 TWA
Azadirachtin - - - - - 11141-17-6
+ THRESHOLD LIMIT . .
Benomyl VALUE: 034 ppm, 10 Registered Agrochemical - LD (or.al, 17804-35-2
g’ TWA (Registered) mammal): 10 g/kg
0.2 mil(ligrz;m3 p)er cubic
meter (mg/m” ) of air as
Benz{a)anthrace an 8-hour time-weighted - - - < Group 2A 56-55-3
ne average (TWA)
concentration
- Group 2A
Benzo(a)pyrene  + PEL 0.2 mg/m’ - - Skin, Lungs ~ + LD30 (scu, rath 50 50-32-§
mg/kg
- OSHA PEL
The current Occupational
Safety and health
Administration (OSHA)
permissible exposure
limit (PEL for
benzo[blfluorantheen (as
a coal tar pitch volatile)
Benzo(h)fuorant 1S 0.2 milligram per
ir;(;( Vfvoran cubic meter(mg/mg ) of B B + Group 2B 2552
air as an 8-hour
time-weighted average
(TWA) concentration
- NIOSH REL
The National Institute for
Occupational Safety and
Health (NIOSH)
Birgl"e(k)ﬂ“mm - - -~ Grow 3B 207-16-9
Benzophenone - - - - - 119-61-9
alpha-BHC - - - - - Group 2B 319-84-6
Hexachlorocyclohe . . + Group 2B
beta-BHC - xane lapsed and  LOXIC Chgmcals - LDS0(oral, rat): 6000 319-85-7
banned sales in (Banmed31) mg/kg
1971
{continue)
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Compound

Japan
{Japan Environment

OSHA Exposure Limits
Agency)

Korea
(Ministry of
Environment)

Target
Organ

IARC
classification
of carcinogens
and Toxicity

CAS number

Biochanin A

Bisphenol A

6-Bromonaphtol-
2

n-Butyl benzene

Butyl henzyl
phthalate

Di-n-Butyl
phthalate

- Food Sanitation Law

Marine Pollution
Prevention Law

- OSHA PEL

The current Occupational
Safety and Health
Administration(OSHA)
ssible exposure limit
(PE)) for dibutyl
phthalate is 50
milligrams pey cubic
meter (mg/m° ) or air as
an 8-hour time-weighted
average (TWA)
concentration

- NIOSH REL

The National Institute for

Occupational Safety and

Health (NIOSH) has

esthlished a recommended 4, . .
exposure limit (REL) for %/ImneﬂPoHEmn
dibutyl phthalate of 5,0 ~ TTEVEUOn LaW
mg/m3 as a TWA for up

to a 10-hour workday

and a 40-hour workweek

[NIOSH1992].

- ACGIH TLV

The American Conference
of Governmental
Industrial Hygienists
(ACGIH) has assigned
dibutyl phthalated a
threshold limit valu
(TLV) of 50 mg/m’ as
a TWA for a normal
8-hour workday and a
40-hour workweek

[ACGIH 1994, p. 18],

< LD5) (oral, rat): 3250

- 491-80-5
80-05-7
mg/kg

- 15231-91-1

- 104-51-8

- Group 3
- LD5) (oral, rat): 2330

85-68-7
mg/kg

- 84-74-20
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Japan Korea

IARC

L : o Target classification
Compound OSHA Exposure Limits ([ apark ggr\lléry%mnent E(nlelr;l;ntlrnyer?tf) Organ of cacinogens CAS number
and Toxicity
Butylated
hydroxyanisole - - - - + Group 2B 25013-16-5
(BHA)
+ THRESHOLD LIMIT
Butylated VALUE: 10 mg/m’ TWA
hydroxytoluene - RECOMMENDED - - - - Group 3 128-37-0
(BHT) EXPOSURE LIMIT: 10
mg/m’ TWA
2-t-Butylphenol - - - - 83-13-6
4-sec-Butylphen B B B B 09-71-8
ol
4-n-Butylphenol - - - - 1633-22-8
3-t-Butylphenol - - - - 585-34-2
- OSHA GENERAL
INDUSTRY
STAI%DARDS 02 .
mg/m’ TWA, 06 mg/m3 Eyessfelﬁtory « Group 1
. CEILING yotetm, - LD50 (oral, rat) : 4
Cadmium + threshold [imit value : - kldniyts, mg/kg, (ip, rat) : 4 439
001 mg/m”_(Inhalable ot © malkg
Fraction), 0002 mg/m 00
(Respirable Fraction)
TWA
- OSHA GENERAL
INDUSTRY
STANDARDS : 5 mg/n’
- OSHA CONSTRUCTION
INDUSTRY Registered,
STANDARDS: 5 mg/m’  Pojsonos and Toxic Chemicals p
’ . espiratory
Catharvl TWA Deleterious (Paisan), system, ONS, - Croup 3 3-95-2
arbary - THRESHOLD LIMIT ~ Substances Control  Agrochemical CyVS ’kl o
VALUE: 5 mg/m’ TWA Law, Food Sanitation (Registered) » Skn
- RECOMMENDED Law
EXPOSURE LIMIT: 5
mg/m” TWA, Minimize
Exposure During
Pregnancy
Carbendazim - - - - 10605-21-7
Centchroman - - - - 31477-60-8
{continue)
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Compound

OSHA Exposure Limits

Japan
(Japan Environment
Agency)

Target
Organ

IARC

classification
of carcinogens

CAS number

and Toxicity

Chlordane

Chlordecon
(Kepone)

Chlorobenzenes

Chlorophenate

Chlorothalonil

Chlorpropham

Chlorpyrifos

Chrysene

Clofentezine

- OSHA GENERAL
INDUSTRY
STANDARDS : 05

mg/m’ (Skin)

Law Concerning the
Examination and

- OSHA CONSTRUCTION Regulation of

INDUSTRY
STANDARDS : 05
mg/m’ TWA (Skin)

- THRESHOLD LIMIT
VALUE : 05 mg/m
TWA (Skin)

- RECOMMENDED
EXPOSURE LIMIT : 05
mg/m’ TWA (Skin)

* RECOMMENDED
EXPOSURE LIMIT :

001 mg/m’ TWA

+ Toppm
350 mg/m’

+ HEALTH EFFECTS:
LD50 (oral, rat) 1,200

mg/kg

+ THRESHOLD L]MI;F
VALUE : 0.2 mg/m
TWA (Skin)

- RECOMMENDED
EXPO§URE LIMIT : 0%
mg/m° TWA, 06 mg/m
STEL (Skin)

 THRESHOLD LIMIT
VALUE : Confirmed
Animal Carcinogen with
Unknown Relevance to
Humans

- RECOMMENDED
EXPOSURE LIMIT :
Carcinogen-Lowest
Feasible Concentration

Manufacture, ete., of
Chemical Substances
(Class I in 1981,
lapsed in 1968,
Poisonous and

Substances Control

Unregistered in

CNS, eyes,
lungs, liver,

2B

- Group
- LD50 (oral, rat) : 200
mg/kg (oral, mouse) :

kidneys, skin 145 mg/ke

+ Group 2B

+ Group 2B

+ Group 3

- LD50 (oral, rat) + 97

mg/kg

+ Group 3

37-14-9

143-50-0

103-90-7

103-43-0

1897-45-6

101-21-3

2921-88-2

218-01-9

TA15-24-5
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Compound

Japan
(Japan Environment

OSHA Exposure Limits
Agency)

Korea
(Ministry of
Environment)

Target
Organ

IARC
classification
of carcinogens
and Toxicity

CAS number

Copper

Coumestrol

Cyhexatin

Cypermethrin

Daidzein

p,p'-DDD

pp'-DDE

- OSHA GENERAL
INDUSTRY

STANDARDS: 0.1 mg/m’

- OSHA CONSTRUCTION
INDUSTRY

STANDARDS : 0.1

mg/m’ TWA -
 THRESHOLD LIMIT

VALUE : 02 mg/m

TWA

- RECOMMENDED

EXPOSURE LIMIT : 0.1

mg/m3 TWA

- OSHA GENERAL

INDUSTRY

STANDARDS : 0.1

mg/AnIl\lD (Tin, Organic

Compounds)

+ THRESHOLD LIMIT -

VALUE : 5 mg/m

TWA

- RECOMMENDED

EXPOSURE LIMIT: 5

mg/m3 TWA
Registered,
Poisonous and
Deleterious
Substances Control

Respiratory
system, skin,
eyes,
increased risk
of Wilson's

d

Toxic Chemicals
(Poison),
Agrochemical

Law, Food Sanitation (Registered)

Law

- OSHA GENERAL
INDUSTRY
STAI\lDARDS 1100

mg/m

- OSHA CONSTRUCTION
INDUSTRY
STANDARDS : 10
mg/m’ TWA

+ THRESHOLD LIMIT
VALUE: 10 mg/m’ TWA
- RECOMMENDED
EXPOSURE LIMIT : 10
mg/m3 TWA

Registered

Unregistered in
Japan

Toxic Chemicals
(Poison),
Agrochemical
(Registered)

Skin, CNS

- 7440-50-8

- 479-13-0

- 13121-70-5

- 52315-07-8

+ Group 2B

- LD50 (oral, rat) : 370
mg/kg (skin, rat) :
1500mg/kg

94-15-7

- 486-66-8

+ Group 2B T2-54-8

+ Group 2B
- LD50 (oral, rat) :830 72-55-9

mg/kg
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IARC

Compotnd OSHA Exposure Limits ~ (Japan %r?\?ﬁomnem (Mi[;iosrti; of Target classification CAS mumber
Agency) Environment) Organ O;EHTTCLT;S%ET‘;S
- OSHA GENERAL Law C ing th
INDUSTRY Framindion nd
STAI\%DARDS S0 Regulation of
mg/m” (Skin) Manufacture, efc, of Toxic Chemicals (o + Group 2B
. - THRESHOLD LIMIT ~ Chemical Substances (Banned'9L), Kidnevs, Jiver * LD30 (oral, rat) 87 56-9-3
pp'-DDT VALUE : 1 mg/m Class 1 in 1981, Agrochemical Eys, Lver, mg/kg (skin, rat) : 1931
TWA lagl)sed. ari(gﬁ liar%ledd (Bammed'71) skin, PNS gk
- RECOMMENDED sales m , oo
EXPOSURE LIMIT : 05 Sanitation Law,
mg/m3 TWA POPs
DES - - - - + Group 1 56-53-1
CNS, skin
- OSHA GENERAL lslgleerénkldney, - Group (ZB |
12-Dibromo-3  INDUSTRY - Toxic Chemicals o o < L1DAD (oral, rat) 1 170 .
~chloropropane S TANDARDS - TWA 1 Lapsed in 1980 (Banned'91) g;;;rt(éﬂicwe mg/kg (oral, mouse) : 01278
ob digestive 257 mg/kg
system
Dibromoacetic ) ) i i ) e
acid
-Di : : + Group 2B
2,4-Dichlorophen ) Marine Pollution i 7 e ) 032
ol Prevention Law nalkg
- OSHA GENERAL
INDUSTRY
STANDARDS : 1.0
mg/m’ (Skin)
- OSHA CONSTRUCTION .
INDUSTRY Respiratory
i STANDARDS : 1 system, CVS,
Dichlorovos mg/m’ TWA (Skin) - - Ckl\ilsy belye?f « Group 2B 62-73-7
- THRESHOLD LIMIT Shrﬁ 00
VALI;E 0.1 ppm, 0.9 cholinestera
mg/m” TWA (Skin)
- RECOMMENDED
EXPOSURE LIMIT : 1
mg/m’ TWA (Skin)
Toxic Chemicals
i ; - + Group 3
Dicofol - Registered, Food (Poison), ] B . ) .
(Kelthane) Sanitation Law Agrochemical ]i)gg (Ogrf]l(v rat) | 115-32-2
(Registered) mg/kg
Dicyclohexylphth
B - h - - 84-61-7
alate
+OSHA GENERAL Law Concerning the
INDUSTRY Examination and
STANDARDS : 0.25 Regulation of
mg/m’ (Skin) Manufacture, etc,, of Toxic Chemicals . - Group 3
Diedrin - OSHA CONSTRUCTIO Gpemical Substances (Restrcied), NS, ety . /psgiiory )5 571
INDUSTRY . ) grochemic kidneys, skin mg/k
STANDARDS : 05 Lansed i 1975, (Banned 70) g/kg

mg/m’ TWA (Skin)

Soil-persistent
Agricultural

Chemicals, Poisonous
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Japan Korea

IARC

o ! I Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of or . CAS number
: gan of carcinogens
Agency) Environment) and Toxicity
. and Deleterious
\T/E%SEHO(])J% %nM/InTlg Substances Control Toxic Chemicals
- Voo g Law, Food Sanitation (Restricted) CNS. fiver + Group 3
Dieldrin TWA (Skin) Law, Harmful Agrochemicdl S TS LDA0 (oral, rat) 46 60-57-1
*RECOMMENDED ~ Sypstance Containing 2 ! kidneys, skin mg/kg
EXPOSURE LIMIT © Foysehold Products  (Banned'70)
0'25, mg/mm” TWA Control Law, POPs
(Skin)
+ THRESHOLD LIMIT
VALUE : 5 mg/me
! TWA Marine Pollution _ _ _ e
Diethyl phthalate . pECOMMENDED ~ Prevention Law B2
EXPOSURE LIMIT : 5
mg/m’ TWA
Diethylhexyl Marine Pollution - ~ . oo
adipate Prevention Law Group 3 103-23-1
- OSHA GENERAL
INDUSTRY
STANDARDS : 50
mg/m
- OSHA CONSTRUCTION
éN%jA[g EgDS 15 mg /m3 Monitor Eyes, upper - Group 2B
Diethylhexyl onitoring respiratory  + LDS0 (oral, rat)
hihalats TWA stbstances in Water - system, 1 30600 mg/kg (orl 117-81-7
prthalate * THRESHOLD LIMIT  environment ’ )3 A{
VALUE : 50 mg/m fract mouse) © 30 mg/kg
TWA; 10 mg/m’ STEL
- RECOMMENDED
EXPO?URE LIMIT : 5
mg/m” TWA, 10 mg/m
STEL
Diftubenzuron - - - - - 35367-38-5
Ditesylpthalate - o produced n - - - 8753
44"-Dihydroxybi B B B B o
phenyl 90-83-6
Dimethylmercury - - - - + Group 2B 593-74-8
Dinoseb - - - - - 88-85-7
Dipropyl B Not produced in - _ _ 16
-phthalatee Japan 131-16-8
4-Dodecylphenol - - - - - 104-43-8
{continue)

- 130 -



IARC

Japan i
o ! Target classification
Compotnd OSHA Exposure Limits (] apark ggr\lléry%mnent Organ of carcinogens CAS number
and Toxicity
+ OSHA CONSTRUCTION
INDUSTRY
STANDARDS Ojl Poisonous and
mg/me TWA (Skin) Déleterious
Endosult + THRESHOLD LIMI Substances Control 1 - - LD30 (oral, rat) . 115-29-7
ndostan VALUE : 0.1 mg/m”  Law, Water-pollutant Agrochemical 18-43 mg/kg
TWA (Skin) agricultoral
- RECOMMENDED Chemicals
EXPOSURE LIMIT :
0.1 mg/m’ TWA (Skin)
?SH{%%E?ERAL Law Concemning the
SNTDANDERDS 0l Examination and
3 L Regulation of
mg/m” TWA (Skin) Manufacture, efc., of
* OSHA CONSTRUCTION Chmeical Substances
ISNTDA[IJ\]SDTER}(DS o Class 1 in 1931, - Group 3
0 lapsed i 1975, .
Fndrin g’ TWA (ki) Carp;;fpgrlsister{t ONS, liver  *LD50 (oral, rat) : 79-0-8
+ THRESHOLD LIMIT Agricultural 7-15 mg/kg
VALUE : 0.1 mg/m Chemicals, Poisonous
TWA (Skin) and Deleterious
- RECOMMENDED Substances Control
EXPOSURE LIMIT : 0.1 Law, Food Sanitation
mg/m’ TWA (Skin) LW, POPs
Enterolactone - - - - T8AT3-T1-9
Equol - - - - 531-95-3
Registered,
Poisonous and
Esfenvalerate - Deleterious + Group 3 66230-04-4
Substances Control
Law
Estradiol - - - + Group 1 979-32-8
Eithiozin - - - - 64529-56-2
- OSHA GENERAL
INDUSTRY
STANDARDS : 20 ppm .
Bl TWA; 30 ppm Ceiling Respiratory
ene for 5 min; 50 ppm . system, liver, ¢ oy 106-93-4
dibromide . OSHA CONSTRUCTION kidneys, skin,
INDUSTRY &yes
STANDARDS : 25 ppm,
19 mg/m’ Ceiling (Skin)
- RECOMMENDED
EXPOSURE LIMIT :
tEhtihylene(ETU) Lowest Feasible - - + Group 2B 96-45-7
oured Concentration; Potential
Carcinogen
Ethynylestradiol - - - + Group 2B 57-63-6
{continue)

- 131 -



Japan Korea

IARC

o ! I Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of . CAS number
Agency) Environment) Organ of carcinogens
and Toxicity
Fenoxycarh - - - - - T9127-80-3
Registered, ) )
Poisonous and (Toxm (ihemlcals
Deleterious Poison),
Fenvalerate - Substances Control ~ Agrochemical * Group 3 51630-8-1
Law, Food Sanitation (Registered)
Law
Fluazifop-butyl - - - - - 69806-50-4
Formononetin - - - - - 48-72-3
Genistein - - - - - 46-72-0
- OSHA GENERAL
INDUSTRY ,
STANDARDS : 05 Law Concerning the
mg/m Examination and
- OSHA CONSTRUCTION &egmgﬂgﬂ of .o
INDUSTRY C}fer;gisgluéib:t;ycgs Toxic Chemicals * Group 3
Heotact STANBDARDS 05 Class T in 198 T (Restricted), In animals © - LD50 oral, rat) : 40 o443
eptachior mg/m” TWA (Skin) Tpsed in 1075, Agrochemical (NS, Tiver mg/kg (skin, rat) :
- THRESHOLD LIMIT  priconons md. (Bemned'79) 119 mg/kg
VALUE : 005 mg/m3 Deleterious
g&%ﬁ}[ﬂE%DED Substances Control
EXPOSURE, LiviT : O FOPS
05mg/m’ TWA (Skin)
. - Group 2B
Heptachlorepoxid ) _ _ - - 1D50 (oral, rat) © 62 1024-57-3
¢ mg/kg
Law Concerning the
Hexachlorobenze \;AHE[EJSHOOL (g L]MITs Manufacture, ete, of Unregistered in + LSO {oral, rat)
+ 007 mg/m Chemical Substances K, 10000 me/kg 118-74-1
ne . orea .
TWA (Skin) Class 1 in 1979, (oral, mouse) + 4
unregistered in mg/kg
Japan, POPs
33" 44" 55" -Hex } B B B B o
achlorohiphenyl 26601-64-9
Hexaconazole - - - - - T9983-71-4
Hexestrol - - - - + Group 1 84-16-2
Z*Hydroxyestrad B B B B B 369-05-0
iol
{continue)
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Compound

OSHA Exposure Limits

Japan
(Japan Environment
Agency)

Korea
(Ministry of
Environment)

IARC
classification
of carcinogens
and Toxicity

Target

Organ CAS number

Mancozeh

Maneb

Manganese

Mercury

#Manganese Fume (as
Mn)

- OSHA GENERAL
INDUSTRY
STANDARDS : 5
mg/m’ Celling

- OSHA CONSTRUCTION
INDUSTRY STANDRDS
:5 mg/m’ TWA

+ THRESHOLD LH\/H?
VALUE : (.2 mg/m
TWA Elemental and
inorganic compounds

- RECOMMENDED
EXPOSURE LIMIT : 13
mg/m3 TWA; 3 mg/m
STEL

#Manganese Compounds
(as Mn)

- RECOMMENDED
EXPOQSURE LIMIT L
mg/m” TWA; 3 mg/m
STEL

@Mercury (Vapor) (as Hg)

- OSHA GENERAL
INDUSTRY
STANDARDS : 0.1
mg/m’ TWA

- OSHA CONSTRUCTION
INDUSTRY
STANDARDS : 0.1
mg/m’ TWA (Skin)

+ THRESHOLD LIMIT
VALUE : 002 mg/m’
TWA (Skin)

- RECOMMENDED
EXPOSURE LIMIT :
005 mg/m’ TWA (Skin)

@Mercury (Aryl and
Inorganic) (as Hg)

+ THRESHOLD LIMI
VALUE : (.1 mg/m
TWA (Skin) Aryl —
0025 mg/m3 TWA
(Skin)

- RECOMMENDED
EXPOSURE LIMIT : 0.1

mg/m’ Ceiling (Skin)

Registered

Registered

Agrochemical
(Registered)

Agrochemical
(Banned'89)

8018-01-7

- + Group 3 12427-38-2

Respiratory
system, CNS,
blood,

kidneys

- 7439-96-5

Metylmercury
) compounds
Skin, - Group 2B
respiratory
system, CNS, Metallic mercury and
kidneys, eves  inorganic mercury
compounds
+ Group 3

7439-97-6
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IARC

Japan i
o ; - Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of - CAS number
Agency) Environment) Organ of carcinogens
and Toxicity
+ THRESHOLD L]MI’SF .
VALUE : 25 mgn  Regislersd, o Chemicals
Methomyl ~PT<§[CAOMMENDED Deleterious g)gorliglrllénucal m;“/zzo (oral, rat) + 17 16752-77-5
EXPOSURE. LIMIT Eggstances Control (Registered)
25 mg/m’ TWA
- OSHA GENERAL
INDUSTRY
STANDARDS : 15
3
mg/m
- OSHA construction
industry standards : 15 Unregistered i » Group 3
Methoxychlor mg/m3 TWA Lapsed in 1960 Kgﬁls M None known + LD (oral, mouse) & 72-43-5
 THRESHOLD LIMIT 1 em/kg
VALUE : 10 mg/m
TWA
- RECOMMENDED
EXPOSURE LIMIT :
Potential Carcinogen
+ THRESHOLD L]MI’SF
VALUE : 0.2 mg/m < Crom 3
_ TWA (Skin) i . D80 (oral, 1) - ”
Methyl parathlon - RECOMMENDED oral, rat) 298-00-0
EXPOSURE LIMIT : 0.2 142 mg/kg
mg/m’ TWA (Skin)
Metiram - Lapsed in 1975 - - 9006-42-4
Metolachlor - - - - 51218-45-2
+ THRESHOLD L]MBIT
VALUE : 5 mg/m” TWA . .
Metribuzin - RECOMMENDED gegllstelred, Food Agrolchemical ) ) 21087-64-9
EXPOSURE LIMIT : 5  SantationLaw (Registered)
mg/m3 TWA
Unregistered in Unregistered * Group 2B
Mirex g PO Tk g < LD50 (oral, rat) : 235 2385-85-5
Japan, S inKorea mg/kg
Molinate - - - - 212-67-1
(TPO(;i;Co rlC)hemicals - Group 2B
Nitrofen - Lapsed in 1982 Agrochén]ical 'LD5A(1 (oral, rat) + 740 1836-75-5
(Banned'82) me/kg

Marine Pollution

p-Nitrotoluene - Prevention Law - Group 3 99-99-0
Nonachlor
unregistered in B 39765-80-5
trans-Nonachlor - Tapan, heptachlor
lapsed in 1972
p-Nonylphenol - Marine Pollution - 25154-52-3
4-Nonylphenol - Prevention Law - 104-40°5
{continue)
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IARC

( Japan ( Korea Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of . CAS number
Agency) Environment) Organ of carcinogens
and Toxicity
Toxic Chemicals .
) . (Poison), Group 2B .
Nitrofen - Lapsed in 192 porochemical - *LD50 (oral, rat) 740 1886-75-5
(Banned'82) mglkg
p-Nitrotoluene - %ggﬁugﬁﬂﬁg%“ - - - Group 3 99-%9-0
Nonachlor
ored |
trans-Nonachlor - ?:;:ilsheerpetacll?lor ) - - 39765-80-5
lapsed in 1972
p-Nonylphenol - Marine Pollution - - - 25154-52-3
4-Nonylphenol - Prevention Law - - - 104-40-5
Nonylphenol ) ) ) } } e
ethoxylates 9016-45-9
Sctachlorostyren ) ) ) } } 20T
2-Octylphenol - - - - -
+Octyipherdl - parne Folltion - - - 1806254
4-t-Octylphenol - - - - 140-66-9
Octylphenol ) ) ) ) } .
ethoxylates 9002-93-1
Oryzalin - - - - - 19044-88-3
Oxychlordane - - - - - 27304-13-8
Oxydeme
- - - - - 301-12-2
~tonmethyl
- OSHA GENERAL
INDUSTRY
STANDARDS : 0.1
mg/m’ (Skin)
+ OSHA CONSTRUCTION )
. . + Group 3
INDUSTRY Toxic Chemicals Respiratory ) .
. STANDARDS : 0.1 Ethyl parathion (Restricted), (s:y\%ené, eCSNS’ LD?E (oral,ra) + 2 56-28-0
Parathion (hy) g’ TWA (Skin)  lapsed in 1972 Agrochemical 1> &% mEkE
D) ! skin, blood (oral, mouse) : 5
 THRESHOLD LIMIT (Registered) : )
VALUE : 0.1 mg/m’ cholinesterase  mg/kg
TWA (Skin)
- RECOMMENDED
EXPOSURE LIMIT : 005
mg/m’ TWA (Skin)
Hexa-, octa- ;
PPB - - new, deca- ; - - 59636-65-1
existing
{continue)
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Japan Korea

IARC

L : o Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of - CAS number
Agency) Environment) Organ of carcinogens
and Toxicity
Law Concerning the
Examination and
Regulation of
Manufacture, ete., of
Chemical Substances
Class I in 1974,
stopped production in Toxic Chemicals .
1972, Water Pollution (Banned'96), EB%%I), ﬁﬁ) chlor 154
PCBs - Control Law, Marine Waste, Water - (oral, zat) © 1010 1336-36-3
Pollution Prevention Quality, ISHA ’ '
Law, Waste Disposal (ABC) mg/kg
and Public Cleaning
Law, Environmental
Quality Standards
for Groundwater,
Soil Pollutionts,
POPs
Pendimethalin - - - - - 40487-42-1
3,3' 44" 5-Pentac B B B ) ) o
hlorohiphenyl 212
- Group (3 )

. + THRESHOLD LIMI - LD30 (oral, rat)
Pentachloronitrob VALUE : 05 mg /mrsr } } } 1100 mg/kg 0653
enene TWA (oral, rabbit) : 800

mg/kg
- OSHA GENERAL
INDUSTRY
STANDARDS : 0.5
mg/m’ (Skin) Lansed in 1960
- OSHA CONSTRUCTION Lapsed in L, . .
INDUSTRY Water-pollutant (TBOX10 glgeln)ncals CVs, Coos 98
STANDARDS : 05 Agricultural anned'91), respiratory + (roup
lPentac}ﬂoropheno g/’ TWA (Skin)  Chemicals, Poisonous ISHA (ABC),  system, eyes, +LD50 (oral, rat) : 27 87-85-5
. THRESHOLD LIMI and Deleterious Agrochemical  liver, kidneys, mg/kg
VALUE : 05 mg/m Eubstances Control  (Banned) skin, CNS
TWA (Skin) o
- RECOMMENDED
EXPOSURE LIMIT : 0.5
mg/m’ TWA (Skin)
Procymidone - - - - - 32809-16-8
Di-n-Pentyl B Not produced in _ _ _ BT
phthalate Japan 131-18-0
4-t-Pentylphenol - - - - - 80-46-6
. Agrochemical
Permethrin - g:%f;ﬁg?ﬂ%’d (Unregistered in - - Group 3 59645-53-1
Korea)
+ Group 3
Phenantharene - - - - ~ LDB0 (oral, mouse) ©  85-01-8
700 mg/kg
Phenylphenol - - - - « Group 3 90-43-7
Pronamide - - - - - 23950-58-5
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IARC

Japan Korea

o ! I Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of . CAS number
Agency) Environment) Organ of carcinogens
and Toxicity
4-Propylphenol - - - - - 645-56-7
+ Group 3
Pyrene “PEL 02 mg/m’ - - - - 1050 (oral, rat) © 129-00-0
2700 mg/kg
Pyrethroids B - Unregistered in _ _ NA
(synthetic) Korea A
Pyrimidine ) ) ) ) ) )
carhionol family
. B Unregistered in B B ) oo
Tamoxifen Japan, POPs Group 1 10540-29-1
Raloxifene - - - - - 84449-90-1
Registered, Water
Pollution Control
Law, Environmental
Quality Standards Grou
. 03
Simazine - B Cnmalet - . - LDRD (ol rat) ¢ 571 122-34-9
Water Pollutants, mg/kg
Wast Disposal and
Public Cleaning Law,
Waterworks Las
- OSHA GENERAL
INDUSTRY
STANDARDS : 100 ppm
TWA; 200 ppm Ceiling
for 5 minutes in any 3
hours; 600 ppm + Peak
+ OSHA CONSTRUCTION
INDUSTRY CNS
STANDARDS : 100 ppm, ; * Group 2B
Styrene 20 mg/m'’ Celling oo - - E;Sslzler;toges < LD50 (oral, rat) : 971 100-42-5
- THRESHOLD LIMIT kin mg/kg
VALUE : 20 ppm TWA;
40 ppm STEL -
monomer
- RECOMMENDED
EXPOSURE LIMIT : 50
pom TWA, 100 ppm
STEL
- OSHA GENERAL
INDUSTRY ]
STANDARDS : 10 Lapsed in 1975, ] .
g Poisonous and Toxic Chemicals .
mem Deleterious (Poison), Skin, liver, Group 2B )
245-T « THRESHOLD L]MIBT Sobstances Contrcl Agrochén]ic d a t;act © «LD50 (oral, rat) : 300 93-76-5
VALUE : 10 mg/m Law, Food Sanitation (Banned) my/kg
- RECOMMENDED Law
EXPOSURE LIMIT : 10
mg/m’ TWA
) . + Group 1
9378-TCDD - Air Pollution Law, - - 1050 (oral, rat) © 20 1746-01-6
e Waste Disposal and W mg/kg
PCDD. PCDF Public Cleaning Law, "este
e ’ ’ - POPs - + Group 3 51207-31-9
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Compound

OSHA Exposure Limits

IARC
Japan Korea A
(Japan Environment  (Ministry of Target classification CAS number

. Organ of carcinogens
A E e
gency) nvironment) and Toxicity

3,3' A4"-Tetrachl

orobiphenyl

Tin

Toxaphene

#Tin, inorganic compounds

(except oxides) (as Sn)

- OSHA GENERAL

INDUSTRY
STANDARDS : 2

mg/m’

- OSHA CONSTRUCTION

INDUSTRY
STANDARDS 2

mg/m’ TWA

- THRESHOLD LIMIT

VALUE : 2 mg/m3
TWA- Metal, Oxide &
inorganic compounds,

except tin hydride, as Sn

- RECOMMENDED

EXPOSURE LIMIT : 2
mg/m’ TWA

#Tin, organic

compounds(as Sn)

- OSHA GENERAL

INDUSTRY
STANSDARDS 101

mg/m
- OSHA CONSTRUCTION

INDUSTRY
STANDARDS : 0.1
mg/m’ TWA

- THRESHOLD LIMIT

VALUE : (.1 mg/m
TWA

- RECOMMENDED

EXPOSURE LIMIT : 0.1
mg/m3 TWA Skin

- OSHA PEL
The current Occupational

Safety and health
Administration (OSHA)
permissible exposure
limit (PEL)for
chlorinategl camphene 1s
05 mg/m’ as an 8-hour
time-weighted average
(TWA) concentration,
The OSHA PEL also
bears a "Skin” notation,
which indicates that the
cutaneous route of
exposure (ind\cluding
mucous membranes and
eyes) contributes to

overall exposure,

- - - Group 2A 32598-13-3

Eyes, skin,
respiratory
system

- T440-31-5

CNS, eyes,
liver, urinary
tract, skin,
blood

Toxic Chemicals - Group 2B

(Banmed'91), . .
Agrochemical - LD50 {oral, rat) 50 8001-35-2

9Banmed'82) mg/kg
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Compound

Japan Korea
(Japan Environment  (Ministry of

OSHA Exposure Limits I
Agency) Environment)

Target
Organ

IARC
classification
of carcinogens
and Toxicity

CAS number

Toxaphene

Tributyltin
chloride

Tributyltin
compound

- NIOSH REL

The National Institute for
Occupational Safety and
health (NIOSH) has
established a
recommended exposure
limit (REL) for
Chlorinated camphene of
the lowest feasible
concentration, The limit
of quantitation for
chlorinated camphene is
001 mg/m3, and NIOSH
considers it a potential
occupational carcinogen,
NIOSH also  assigns a
"Skin” notation to
chlorinated

camphene[NIOSH 1992],

- ACGH TLV
The American Conference
of Governmental -
Industrial Hygienists
(ACGIH) has assigned
chlorinated camphene a
threshold limit Value
(TLV) of mg/m3 as a
TWA for a normal
8-hour workday and a
40-hour workweek and a
short-term exposure
limit (STEL) of 1.0
mg/m3 for periods not
to exceed 15 minutes,
Exposures at the STEL
concentration should not
be repeated more than
four times a day and
should be separated by
intervals of at least 60
minutes. The
ACGHYW assigns a
"Skin” notation to
chlorinated camphene

[ACGIH 1994, p. 151).

Toxic Chemicals
(Banned'91),
Agrochemical

9Banned'82)

+ Group 2B
- 1D50 (oral, rat) : 50 8001-35-2

mg/kg

- 1461-22-9

- 688-73-3
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Japan Korea

IARC

o ! I Target classification
Compound OSHA Exposure Limits ~ (Japan Environment  (Ministry of . CAS number
Agency) Environment) Organ of carcinogens
and Toxicity
- OSHA GENERAL
INDUSTRY
STANDARDS : 0.1
3
mg/m
- OSHA CONSTRUCTION
]SNTDAIIJ@SDTER%S 01 o o
P U Toxic Chemicals liver, urinary
Tributyltin oxide mg/m3 TWA - (Restricted) iract, skin, - 56-35-9
+ THRESHOLD L]MIBT blood
VALUE : 0.1 mg/m
TWA
- RECOMMENDED
EXPOSURE LIMIT : 0.1
mg/m’ TWA Skin
Toxic Chemicals .
o . (Restricted), . Group 3 .
Triffuralin - Registered Agrochemical - LD50 (oral, mouse) ©  1582-09-8
(Registered) 5000 mg/kg
Triforine - - - - 26644-46-2
Triphenyl tin
- - - - 900-95-8
acetate Law Conceming the
Examination and
Regulation of
- OSHA GENERAL Manufacture, ete., of
INDUSTRY Chemical Substances
STANDARDS : 0.1 Class T in 199,
mg/m’ lapsed in 1990,
- OSHA CONSTRUCTION Harmful Substance
INDUSTRY Containing CNS, eyes,
Trighenyl tin STANDARDS : 0.1 Household Products fiver, urinary
hydroxide mg/m3 TWA Control Law B tract, skin, - 16-87-9
+ THRESHOLD L]MIBT blood
VALUE : 0.1 mg/m
TWA
- RECOMMENDED
EXPOSURE LIMIT : 0.1
mg/m’ TWA (Skin)
Vinelozlin - Lapsed in 1998 ﬁfggof:;gf;dcfl - BoMAT1-4-8
. + Group 3
Zineh0 - Registered %g;‘l’fgg%al - LDS0 {oral, mouse) ©  12122-67-7
7600 mg/kg
. . + Group 3
Zitam - Registered (TP"(j;;%nc)hemals - LDB0 (oral rat) © 1400 137-30-4
mg/kg
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Abbreviations Used in Table :
4 OSHA-Occupational Safety and Health Administration
- PEL : Permissible Exposure Limit
- STEL : Short-term exposure limit
- TWA : Time-weighted average
- REL : Recommended Exposure Limit

- LDA0 :(LDg) Calculated dose causing death of 50% of and entire defined population of experimental animals

@ Japan (http://www.eic.or.jp/eanet/spd813.html)
- The laws described in the restriction column indicate that the substance is subject to restrictions under such laws.
- "Registered,” "lapsed,” "unregistered in Japan,” "Soil-persistent Agricultural Chemicals,” "Crop-persistent Agricultural

Chemicals,” "Water-pollutant Agricultural Chemicals” are based on the Agricultural Chemicals Regulation Law.

4 Korea (http://www.moenv.gokr/pae/pac6-2himl)
Toxic Chemicals (Toxic Chemicals Management Act, Banned : Banned Chemicals, Restricted : Restricted Chemicals),
Waste(Waste Management Act), Water Quality (Water Quality Preservation Act), ISHA(Industry Safety and Health

Act, ABC : Authorized or Banned Chemicals), Agrochemical (Agrochemical management Act)
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4. Toxicology data of EDCs

7}. Free Radical Generation

classified by CDC

Compound FR Test animals Endpoints Test organ Result
SD rat . o ) - -A2-fold increase : hepatic homogenate
Alacholr Lipid peroxidation Hepatic and brain ] ]
(female) -36-Told increase : brain homogenate
Liver
Aldicarb X SD rat (male) Lipid peroxidation (hepatocyte, - Did not induce lipid peroxidation
microsome)
- Catalase nactivation and inhibition of
] Activity of enzymes related ) ] o
Amitrole 0 Rat ) : Heart and liver the liver superoxide dismutase and
to peroxide metabolism
glutathione peroxidase activities
- Flevated the levels of
. chemiluminescence and enhanced the
0 Rat Lipid peroxidation Myocardium . o
rate of accumylation of thioharbituric
acid-reactive products
Atrazine NA - - -
SD rat Serum hydroperoxide, GSH - Induce lipid peroxidation and GSH
Benomyl h .
(male) levels depletion
Beta-BHC NA - - - -
- Chemiluminescence increased
Hepatic - When hepatic mitochondria were
mitochondria, incubated with lindane, increase
gamma-BHC SD rat Chemiluminescence and
) microsomes and in cytochrome ¢ reduction 7.5-fold
(lindane) (female) cytochrome ¢ reduction
peritoneal - When microsomes were incubated
macrophages with lindane, increase in cytochrome
¢ reduction of 11.6-fold occured
- Increase SOD activity, lipid
0 Rat lipid peroxidation - L
peroxidation
C57BL/6] and - Produced increases of 1.6-3.0-fold in
Production of superoxide ) ) )
0 DBAL/2 Liver superoxide production, 1.3-2.1-fold in
anion, lipid peroxidation . o
mouse lipid peroxidation
] - Significant increases in hepatic lipid
0 Rat Lipid peroxidation Liver
peroxidation and DNA damage
Bisphenol-A NA - - - -
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Compound FR Test animals Endponits Test organ Result

Butyl benzyl

NA. - - - -
phthalate
0 - Production of reactive oxygen
species=lipid peroxidation
Cadmium Swiss mouse - o - o
0 Lipid peroxidation - - Increase lipid peroxidation
(male)
0 Rat Lipid peroxidation Liver - Increase lipid peroxidation
0 - - - - Causes lipid peroxidation
- Caused increased glutathione
V79 Chinese - o ] - ]
Carbaryl 0 Lipid peroxidation - peroxidase activity=cause increased
hamster cells
lipid peroxidation
0 - - - - Causes lipid peroxidation
0 Guinea pig - - - Stimulated superoxide generation
Chlordane ] - Significant increases in hepatic
0 Rat Lipid peroxidation Liver
lipid peroxidation and DNA damage
GSH/GSSG ratio, lipid - Decrease GSH/GSSG ratio, induce lipid
24-D 0 Rat Hepatocytes
peroxidation peroxidation
p,p'-DDD NA - - - -
pp'-DDE NA - - - -
0 Rat Lipid perxidation Liver - Increase lipid peroxidation
- Increase SOD activity, lipid
0 Rat Lipid peroxidation - .
peroxidation
. ] - Significant increases in hepatic
pp-DDT 0 Rat Lipid perosidation Liver
lipid peroxidation and DNA damage
) o - Hydrogen peroxide and lipid peroxide
) Hydrogen peroxide and Liver kidney lung L ) )
0 Chicken o i ) formation significantly increased in all
lipid peroxide formation and intestine )
tissues
1,2-Dibroma-3
NA. - - - -
~chloropropane
Dicofol
NA - - - -
(Kelthane)
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Compound FR, Test animals Endponts Test organ Result
0 Rat - - - Superoxide production increased
- Decrease in liver antioxidant
0 Mouse ) ) concentrations with a concomitant
increase in ROS formation and
oxidative damage
-Mice : Increased urinary MDA was
observed fed 0.1,1.00r 10mg
dieldrin/kg diet for 7,14.28and 90
days; while increased hepatic MDA
was seen only after 7 days in mice fed
01100r 10mg dieldrin/kg diet and
after 14 days in mice fed 10mg/kg diet
BECIHL Lipids peroxidation and S- -Rats © dielrin had no effect on either
Dieldrin an dn;);:j it hydroxy-2-deoxyguanosine Liver,urine hepatic MDA or urine MDA levels
(male) [oh8dG] after 7,14, and 23 days of treatmint.
a dose-dependent increase in urinary
MDA was observed in rats at the 90-
day samplintg time. The only
significant elevation in urinary or
hepatic oh18dG content was limited to
urinary oh3dG in mice fed 10mg/kg
dieldrin diet for 14 days
- Increased amounts of hepatic
Cultured 8-hydroxy-2'- 8-hydroxy-2'-deoxyguanosine and
0 mouse deoxyguanosine and - malondiadehyde (MDA) and
hepatocytes malondialdehyde (MDA) decreased levels of cellular
antioxidants
0 Rat Lipid peroxidation Cerebra.land hepiti - Increase lipid peroxidation
tissues
Rat Kidney
Endosulfan 0 Lipid peroxidation ) - Increase lipid peroxidation
(male) (microsome)
0 Rat Lipid peroxidation Liver - Increase lipid peroxidation
0 Rat Lipid peroxidation Microsome - Increase lipid peroxidation
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Compound FR Test animals Endpoints Test organ Result
0 Guinea pig - - - Stimulated superoxide generation
Mouse lipid peroxidation - - Increased lipid peroxidation
Heptachlor
. . Polymorphonuclear
0 Guinea pig - - Stimulated superoxide generation
leukocytes(PMNs)
. . Polymophonuclear
Heptachlor 0 Guinea pig - - Stimulated superoxide generation
) leukocytes(PMNs)
epoxide o } . . .
0 Guinea pig - Liver - Stimulated superoxide generation

-HCB (25 mg/kg body w.t.) promotes an
induction of mocrosomal cytochrome

] P450system, increase in microsomal

Rat - Liver o )

Hexachlorobenze superoxide anion generation
ne accompanide by increased levels of
liver lipid peroxidation
Wistar rat . o ) ) )
0 Lipid peroxidation Liver - Malondialdehyde content increased
(female)
- Deplete glutathione and protein-bound
stlfhydryl groups, resulting in the
0 production of ractive oxygen species
as superoxide ion, hydrogen peroxide,
Lead and hydroxyl radical=ethanced lipid
peroxidation
] ] - Lead nitrate * Increase lipid
0 Chicken Lipid peroxidation Liver o
peroxidation
0 Rat Lipid peroxidation Liver - Increase lipid peroxidation
Mancozeh NA - - - -
Maneb NA - - - -

- Deplete glutathione and protein-bound
sulfhydrl groups, resulting in the
production of reactive owygen species

Mercury 0 - - -
as superoxide ion, hydrogen peroxide,
and hydroxyl radical=ehanced lipid
peroxidation

Methomyl NA, - - - -
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Compound FR Test animals Endpoints Test organ Result

- Alternate substrates and inhibitors of
p~450 monooxygenases inhihit

covalent binding of methoxychlor to

Human and .
. human liver mocrosomes and
Methoxychlor 0 rat liver - -
microsomes stlfhydryl-containing compounds
inhihit covalent binding in human liver
microsomes, suggesting that the
reactive intermediate is a free radical
Metiram NA - - - -
Rat Liver
Metribuzin 0 Lipid peroxidation - Increase lipid peroxidation
(male) (hepatocytes)
- Hydroxyl radical activity increased
Mirex 0 SD rat Hydroxyl radical activity Liver 264% over control values for the
highest treatment dose
Nitrofen NA - - - -

trans-Nonachlor  N.A. - - - _

4-Nonylphenol ~ N.A, - - - -

Oxychlordane NA. - - - _

Parathion
NA, - - - -
(ethyl)
Galf thymus 8-oxode-oxyguanosine - Significantly increase in free radical-
DNA (8-ox0dG) induced DNA damage
Liver and its
subcelluar fractions —The lipid peroxidate in liver and
PCBs (uclel and cell  heeliglar  fractions i the
0 Rat Lipid peroxidation debris, PCB-treated
mitochondrial, group increased significantly except in
microsomal and the nuclei and cell debris fraction
eytosolic fractions)
0 Guinea pig Lipid peroxidation Liver - Increase lipid peroxidation
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Compound FR. Test animals Endpoints Test organ Result
B6C3F1 )
8-hydroxy-2'- ) - Resulted in enhancement of about 50%
0 mouse ) Liver o
(male) deoxyguanosine(3-OH-dG) of the 8-OH-dG portion in liver DNA
male
- Higher concentrations resulted in
Hamster lung .
] 8-hydroxy-2- increase of the level of 8-OH-dG(2.3-
0 fibroblasts ) - ) )
deoxyguanosine(3-OH-dG) and 2.0-fold, respectively) and induced
(V79 cells)
DNA SSB
-A single oral administration of PCP
B6C3F1 ) .
0 8-Hydroxydeoxyguanosine ¥ (0-80 mg/kg) significantly and dose-
mouse iver
Pentachlorophen - (5-0H-d0) dependently increased the 8-OH-dC
m;
o ¢ level specifically at 6 hr
- Initiated with diethylnitrosamine (DEN)
at 20 ppm in the drinkig water for
the first 13 weeks followed after a 1
) week recovery interval by PCP at
B6C3F1 8-oxodeoxyguanosine ) ) )
Liver concentrations of 300 and 600 ppm in
(male) (8-ox0dG) .
the diet for 25 weeks
= Significant elevations in 8-oxodG
levels and cell proliferation were
observed in a dose-dependent manner
Pyrethroids 0 Rat Lipid peroxidation Erythrocytes - Lipid peroxidation (LPO) in
(synthetic) erythrocytes increased within 3 days of

pyrethroid treatment (cypermithrin
and/or fenvalerate)
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Compound

FR.

Test animals

Endpoints

Test organ Result

Styrene

945-T

NA,

Rat

Boatbuilder

Human

Rat

Rat

Lipid peroxidation,
glutahione level and
activity of glutathione-S-
transferase

8-hydroxy-2'-
deoxyguanosine(3-OHdG)

Lipid peroxidation

Lipid peroxidation

Lipid peroxidation

- Liver © increase in lipid peroxidation,
decrease in glutathione contents and
Liver, brain activity of glutathione-S-transfetase in

dose dependent manner

=17 styrene-exposed workers showed
significant increase
(11 out of 17 workers who were
between the ages of 32 and 60 years
White blood cells  and had been occupationally exposed
(WBC) to styrene for > 10 years showed
higher
8-OHdG/10(5) dG ratios in comparison

occupational styrene-exposure

- Dose-dependent increase in lipid
Lymphocytes peroxidation

- Styrene (300, 400 and 500 mg/kg)
increased lipid peroxidation in the liver
) ) after 7 weeks of treatment
Liver, brain o i
-No change in lipid peroxidation was

observed in the brain

-In liver styrene caused an increase in
lipid peroxidation and decreas in
glutathione contents and activity of

) ) glutathione-S-transferase in a dose
Liver, brain
dependent manner
-No effect of stryene was seen on lipid

peroxidation under in vitro conditions
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Compound FR. Test animals Endpoints Test organ Result
Hepatic
o mitochondria,  -.Chemiluminescence increased
SD rat Chemiluminescence and ) ) ) . .
0 ) microsomes and  -.Small increase in superoxide anion
(female) cytochrome ¢ reduction ) i
peritoneal production
macrophages
SD rat . o ) . o
0 (male) Lipid peroxidation Adrenal microsome -Induce lipid peroxidation
male
Hepatic
Rat mitochondria,
4
(temal) Lipid peroxidation microsomal - Increases in lipid peroxidation 400-500%
emale
membranes and
2378-TCDD ndll
Lipid peroxidation
(level of malondiadehyde, ) - Significant increase in lipid
0 Rat Serum and urine o
formaldehyde, peroxidation
acetaldehyde, and acetone)
Long-Evans
and Lipid idati Li Induce lipid idati
i ipid peroxidation iver - Induce lipid peroxidation
Han/Wistar
rat
C57BL/6] and ) ) - Produced increases of 1,3-2.7-fold in
Production of superoxide ) ) i i
0 DBA/2J o o Liver superoxide anion production,
anion, lipid peroxidation . .
mouse 16-1.9-fold lipid peroxidation
Toxaphene NA, - - - -
Tributylin
) NA. - - - -
chloride
Trifturalin NA - - - -
) ) - o Liver ) ) - o
Zineb X Bovine Lipid peroxidation ) -Did not induce lipid peroxidation
(micorsome)
) SD rat . o Liver - Inhibited the NADPH-Fe2' -dependent
Ziram X Lipid peroxidation o o
(male) (mocrosome) lipid peroxidation
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L}. Carcinogenicity

Compound CAR  Test animals Route Results(Tumor type) Dose

0 Long-Evans rat - -, Benign thyroid follicular cell tumors 126mg/kg/day

-, Oncogenic in male and female rats

-, Nasal turbinate tumors increased significantly (p<0.01)
in both sexes at 15 mg/kg/day. The same type of 05, 25 and 15
tumor occurred in one mid-dose female, An increase mg/kg/day
was noted in the incidence of thyroid follicular cell
tumors in the high dose male group (13.3% in the

Alachlor high dose compared to 6.7% in control)
-, Two additional kinds of tumors, thymus

lymphosarcoma and adrenal pheochromocytoma,

ut increased significantly (p<0.06) in the high dose
females, Nasal submucosal gland hyperplasia
o h significantly increased (;<0.01) in both sexes at the
high dose level
Mouse 14, 42 and 126
-, Thyroid follicular tumors were observed in males at ma/ke/day
126 mg/kg/day
-, Significant increase in the following tumors at 42
mg/kg/day and ahove, nasal turbinates and stomach
tumors in both sexes 2, 78 and 260
mg/kg/day
-, Significant increase in lung bronchioalveolar tumors in
females at 260 mg/kg/day
-, Developed stomach, thyroid, and nasal turbinate tumors -
0 Rat - 26 to 260
-, Showed an increase of lung tumors at the highest dost mg/kg/day
for females but not males (18-month)
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

Swiss albino ) S ) 100 mg/kg body
0 Skin - Tumor intiation potential
mouse(female) Wi,

-No significant increase in the total tumor incidence

in either sex of rats

CF-N rat, -Female mice had more pituitaty tumors than male  0.005,0.01,0.02
X Mouse Diet mice, but there was no significant difference in the or 0.04%
incidence of tumors between the control and test {for 2 years)
groups

-Did not increase the incidence of lung tumors

A/Jax and C3H = only one dose of carbaryl was tested and the
Subcutaneous | )
A mouse initill number of animals(30) entered was 10 mg/ke
(male) insufficient, ~ no  conclusion  concering  the (for 20 weeks)

carcinogenic potential of carbaryl can be drawn from
this study

Carbaryl - Male rats  oral dose of 30 mg/kg, twice weekly for
22 months, developed skin fibrosarcoma, polymorphic
Oral cell sarcoma in the stomach, and osteosarcoma with 30 mg/kg
multiple metastases

- Subcutaneous fibrosarcomas, in sites far from the
A Mongrel rat implantation area, and on the back and neck, were
diagnosed in 2 out of 10 surviving animals
Subcutaneous = there was no control group and no information
about the chemical composition and impurities, 20 mg/kg
Because of these deficiencies, this study is (22 months)

inconclusive

- There was no tumor development
o = this study lacked details about the experimental
A NS mouse Skin painting {for 24 months)
procedure and pathology used and, so, was placed

in the inconclusive category
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Compound CAR. Test animals Route Results(Tumor type) Dose
Fischer F344/LATI ) ) 0,375 and 650
Oral -Mnmmary tumors, ulterine carcinomas
rat ppm
-No increase in the incidence of tumors of any type
was observed in male or female fischer 344 rats,
male or female CD-1 mice, or male Sprague-Dawley
rats
for 24 months )
. Maximum
Sprague-Dawley rat, - Female Sprague-Dawley rats fed atrazine developed
) i i tolerated level
Fischer 344 rat mammary tumors earlier than did the control group
0 (two studies), Diet - The incidence of female Sprague-Dawley rats with
CD-a mouse mammary tumors after 24 months of treatment was
. . ) ) 400,500,and 1000
(two studies) statistically increased at feeding levels of >or
. . ppm
=70 ppm in 1 study and at 400 ppm in a second
study,
whereas there were no significant  differences
between
the treated and the control group in 3 other studies
Atrazine
2 ppm solution
of atrazine for 13
. o times every
- A statistically significant increase (p less than )
. ) . third day to total
0 Swiss albino mouse ip. 0.001) of lymphomas (4 of plasmacell type and two o
¢ histoeytic type) administration of
of histiocytic type
026 mg of
Atrazine/kg of
hody w.t.
Oral doses of
- Did not cause tumors 215 mg/kg/day
- mammary tumors were observed in rats after from age 1 to 4
A N Oral lifetime administration of high doses of weeks, followed
ouse
Diet atrazine=available data regarding by dietary doses

atrazine's carcinogenic potential are

inconclusive

of 82 mg/kg for
an additional 17
months

- 152 -



Compound CAR. Test animals Route Results(Tumor type) Dose
X Dog - -Not carcinogenic in a 2-year feeding study -
Rats @ up to
approximately
) ) ) 0.3 mg/kg/day
X Rat, mouse Diet -Not carcinogenic .
Mice ' up to
approximately
0.9 mg/kg/day
X - - - Studies indicate that aldicarb is not carcinogenic -
Aldicarh
- There were no treatment-related effect on the
CD-1 incidecne of any tumor type at it th 003 or 07
-1 mouse i incidecne of any tumor type at any site or on the
X Diet o mg/kg/body wit.
(male) total incidence of tumors
(for 18 months)
Hamster
(pregnant) o ' ) .
-Found to be inactive and did not induce either 01 or 05 mg/kg
= fetal cells were . .
octed ip. morphological transformations or cells that (on day 10 of
injecte ) .
. grew I agar gestation)
subcutaneously into
adult nude mice
Wistar rat, NMRI 0.1,10 and 100
0 mouse, golden Oral - Thyroid, pituitary gland tumors in rats micrograms/g
hamster (ppm)
) - Carcinoma of the thyroid
0 Rat Diet 100 ppm
Amitrole
- produce thyroid and liver tumors
0 Rodent -
- Induced thyroid and liver tumors after lifetimes
0 Rat, mouse - high dose exposure -
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Compound CAR, Test animals Route Results(Tumor type) Dose

X Rat - - Negative result (liver)

- Tumors in the livers of both male and female mice

b ered 40 to 400
were observe
Benomyl mg/kg/day
(in lifetime
Mouse
o study)
0 {hoth sex) - - There were no significant adverse effects at any

dose level attributable to benomyl
o 2500 mg/kg/day
=Based on these data, it is not possible to

determine the carcinogenicity of benomyl

Mouse(ICR-]JLC,
CLL, DDY, IRC,
DBA/Z, C3H/HEN,
C57BL/6)
Rat(Wistar,Oshorne-
Mendel)

- Neoplasm of the liver

beta-BHC
Mouse Oral - Liver tumors -
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Compound CAR, Test animals Route Results(Tumor type) Dose

-A substance-related production of tumors was not
evident at the dosage levels employed 12525 and 50

A Chhi © NMRI mouse -
(125, 2 and 50 ppm) ppm

-No neoplastic changes or other abonormal
findings, such as oval cell infilltration, fatty
changes, fibrosis, or hile duct proliferation of
the liver, were observed in groups receving

X Rat Oral 500 ppm
500 ppm

gamma-
) Mouse(ICR-]JLC,
BHC(lindane)
CLL, DDY, IRC, o , ,
- Carcinogenic for the liver of mice and rats
DBA/Z, C3H/HEN, ) .
- - Incidence of neoplasms of the liver was -
(C57BL/6) ) . )
) increased when given with alpha-BHC
Rat(Wistar, Oshorne-
Mendel)
- A few thyroid tumors
Rat .
0 - - Liver tumors -
Mouse
A Rat - - Inadequate -
A Hamster, dog - - Inadequate -
X Rat, mouse - -Not carcinogenic in an NCI bicassay -
- Has cell-transforming and genotoxic activities
) Syrian hamster in cultured mammalian cells and potential
Bisphenol A A - . . . -
embryo(SHE) cell carcinogenic activity
- Mice(both sex_ : did not cause tumors
- Rat (female) : myelomonocytic
Butyl  benzyl
A Rat, mouse Oral -

phthalate
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose
100 micrograms
0 Rat Inhalation - Pulmonary carcinogenicity CdCly
aerosol/m’
0 - - - Carcinogenicity to human -
0 Rat - - Produced tumors of the venrtal prostate -
-.Cadmium oxide
there was no evidence for pulmonary or prostate
Fischer rat Intratracheal  carcinogenicity, but increase in mammary tumors  0.2550,and 50
(male) instillations ~ and micrograms
in tumors at multiple sites
Cadmium
Cadmium chloride aerosols
- Histopathologic examination revealed a dose-
dependent incidence of primary lung
carcinomas of the following types:
adenocarcinomas, epidermoid (squamous cell)
carcinomas,
Combined epidermoid carcinomas and
) ) 12525, and 50
0 Wistar rat Inhalation  adenocarcinomas, and mucoepidermoid carcinomas . 3
micrograms/m

- The incidence of lung carcinomas was 714% in the
group exposed to 50 micrograms Cd/m’ 526% in the
group exposed to 25 micrograms Cd/m® and 154%

m

the group exposed to 125 micrograms Cd/m’
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

-Did not induce tumors in the lungs, liver, kidney,
heart, spleen, pancreas, and the thyroid and adrenal
glands
= no numerical data on the background lung tumors
n
) the untreated control animals were presented. This 60 mg/kg
A A and C3HA mouse ip. )
lack of data, coupled with the absence of tumors (2 years)
in the lungs of the carbaryl-treated mice strain
A, which are known for their high rate of
naturallu occurring lung adenomas, makes the
negative response of little significance

- Yielded a marginal tumor reponse in the pulmonary
tumor

= the lung adenoma test on strain A mice was not
Total 6 mg/kg

A A/He'l6 mouse ip. reliable for evaluating possible carcinogenicity
(for 20 weeks)

and, thus, the results obtained from this study
are not definitive

Carbaryl
464 mg/kg
{from 7 days to
Oral(gavage) i o . . !
(C57B1/6X C3Hanf)F -Did not significantly increase the incidence of any weeks of age)
X 1 and Diet type of spontaneously occurring tumors(hepatomas,
(C57B1/6x AKR)F1 lung adenomas, lymphoid sarcomas) 14 mg/kg
(from 4 weeks to
18 months of
age)
-Did not cause a significant increase in the
incidence of background lung adenomas, nor did it
induce tumors in the glandular stomach or other
tissues(spleen, intestinal tract)
A/] mouse ) ) ) 1000 ppm
Diet = only one dose level was studied, on the basis of
(female) (for 20 weeks)

which it is not possible to establish a dose-
reponse relationship
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Compound

CAR,

Test animals

Route

Results(Tumor type) Dose

Chlordane

pp'-DDD

0

0

B6C3F1, BoD2F1

Rat, mouse

Rat, mouse

B6C3F1 mouse
(male)

ICR SPF mouse

Fischer 344 rat

Rat, mouse

Rat

Mouse and rat

Diet

Diet

Oral

Oral

- Liver tumor 5 ppm

- Clear evidence existed for carcinogenicity in the
mouse and no clear evidence was found for -

carcinogenicity in the rat

- Has been carcinogenic in mice in three indepent
studies using three different strains

- "significant tumor responses” were found in Fischer
344 rats in one study

- Liver neoplasm promoters

-There was no evidence that chlordane induced
0-125 ppm

(104 weeks)

tumors
in the ICR mice

-A peer review of the pathology for all tumors 0,15, and 25
observed on test were spontaneous and unrelated to ppm
treatment (130 weeks)

- Lymphosarcomas, ~ neoplasms ~ of  mammary
gland(female)

and endocrine organ(male)
- Promoters of neoplasms of the skin in mice

-For 2 years caused an increase in malignant tumors

- Single injection of 24-D developed reticulum-cell

sarcomas -

- Shows a low incidence of brain tumors at moderate

exposure levels over a lifetime 45 mg/kg/day

- Increased the incidence of liver tumors in male mice
and of lung tumors in animals of each sex in one of
the two studies in mice

- An increase in the number of thyroid tumors was

observed in one study in male rats
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

0 - - -Non DNA-reactive carcinogen -

- Increased incidence of liver tumors in male and
0p'-DDE female mice in two studies
0 Mouse, hamster - o o -
- Increased incidence of neoplastic liver nodules was

observed in one study in male and female hamster

- Potential hepatocarcinogenic
A Rat - -

-Mice : caused liver-cell tumours, including
carcinomas, in animals of each sex and
hepatoblastomas in males,
In one study, the incidence of lung carcinomas was
increased, and in three studies the incidence of
malignant lymphomas was imcreased; the incidence

of
lympoma was decreased i two studies, The

incidence
of liver tumours was increased in mice following

pp'-DDT subcutaneous injection of DDT
Mouse, rat and Oral
hamster Subcutaneous

-Rat © oral adminstration of DDT to rats increased
the incidence of liver tumours in female rats in
one study and in male rats in two studies

- Hamster © at concentrations similar to or higher
than those found to cause liver tumours in mice and
rats, some increase in the incidence of

adrenocortical adenomas was observed
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

-The two cases of malignant tumor detected in the
DDT
group included a metastatic hepatocellular carcinoma
in a 233-month-old male and a well-differentiated
adenocarcinoma of the prostate in a 212-month-old

monkey

- Benign tumors detected in the DDT group included
Cynomolgus and ) ) i ) 20 mg/kg
Diet three cases of lelomyoma, two of which were uterine
thesus monkeys (for 130 months)
and one, esophageal

= the two cases involving malignant tumors of
different types are inconclusive with respect to
a carcinogenic effect of DDT in nonhuman

primates
pp'-DDT
46 mg/kg then
(C57BL/6X ] 140 mg/kg
- Hepatomas in 51 and 21% of males and females
C3H/Anf)F1 and ] i : (for 18 months)
Diet respectively compared with 18 and 06% of controls
(C57BL/6 X AKR)F1
mouse
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

- Cause gastric carcinoma in mice and rats
-Nasal cavity tumorsin rats

0 Rat, mouse - -

=Up to 93% of the male and female rats developed
neoplasms of the nasal cavity (Most of the tumours
were adenomas, squamous-cell papillomas,
squamous-cell carcinomas, and adenocarcinomas)

-In the low-dose group 78% of the tumours in males
and 66% in females were benign, whereas in the
high-dose groups89% in males and 76% in females
were malignant

0 F344 rat Inhalation 06 or 30 pts/10

- Invasion through the cribriform plate into the ¢
12-Dibromo-3- cerebrum or metastasis to the regional lymph nodes
was found in 73% of the carcinomas in males and
51% in females

chloropropane

- Papillary carcinomas in the lung occurred in low-
06 or 3.0 ppm

(for 6h/day,
5 days/week,
for 103 weeks)

dose female mice at an increased incidence compared
0 B6C3F1 mouse Inhalation with controls (P < 0.006)

- Adenomas, squamous cell papillomas,

adenocarcinomas,
squamous cell carcinomas, carcinosarcomas, 06 or 30 ppm
fibrosarcomas, and hemangiosarcomas of the nasal (for Gh/day
0 B6C3F1 mouse Inhalation cavity occurred in male and female mice with dose 7
5 days/week for
related trends 103 weeks)
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose
Dicofol - Induced hepatocellular carcinomas in male mice
icofol
0 Rat, mouse Diet -.The study in rats was considered to be inadequate -
(kelthane) .
for evaluation,
0 Syrian golden - Endocrine organ tumors, Hepatoma 02060 and
hamster - (Imale and 1female in 180 ppm) 180 ppm
Dieldrin - . . )
0 Mouse -Selective mouse liver carcinogen -
0 Mouse - - It cause liver cancer -
- Induced malignant neoplasms at all sites in male and
femlae rats and the endocrine organs in male rats
0 Oshorne-Mendel rat - -Rats of hoth sexes developed lymphosarcomas and -
female rats had neoplasms of the reproductive
system
Endosulfan
Sprague-Dawley
rats * 0,375,
Sprague-Dawley rat, ) . .
- -Has no carcinogenic potential 15 and 75 ppm
NMRI mouse
NMRI mice : 0,
26 and 18 ppm
- Induced carcinomas of the liver
- Neoplasms at other sites
- Benign and malignant neoplasms of endocrine organs
(female)
0 Rat - - Neoplasms of the thyroid and pituitary were -
increased(male)
- Neoplasms of the reproducive system, including the
Heptachlor ovary and uterus

B6C3F1 mouse
(male)

C3H mouse
(male, female)

- Liver neoplasms promoters

Diet - Significant incidences of carcinomas of the liver 10 ppm
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

- Induced carcinomas of the liver
- Neoplasms at other sites
- Benign and malignant neoplasms of endocrine organs
0 Rat - (female) -
- Neoplasms of the reproductive system, including the

ovary and uterus

Heptachlor
epoxide
C3H mouse ) o . .
Diet - Significant incidences ofcarcinomas of the liver 10 ppm
(male, female)
- A 2-fold increase in benign liver lesions
. . . 0 or 10 ppm
0 C3H mouse - (hepatic hyperplasia and benign tumors)
(for 2 years)
- Carcinogenic in mice, rats and hamsters
0 Mouse, rat, hamster - -
Hexa ) ) ) )
- Results in the formation of liver tumors described
-chlorobenzene

0 Rat Diet as hepatocellular carcinomas, hepatomas or i

haemangiomas
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Compound ~ CAR. Test animals

Route

Results(Tumor type)

Dose

Swiss mouse,
Syrian golden
Hamster and
Sprague-Dawley rat
(hoth sexes)

Hexachloro
-henzene
0 Mouse, hamster
Epidemiologic studies
of
X occupational
cohorts exposed to
compounds
Lead

Retrospective cohort
mortality
0 study of primary
lead smelter
workers

Diet

Oral

-Dose and sex-dependent progressive changes included

n

- A generalized lymphohaematopoietic response let to

- Progressive liver lesions started as hyperaemia and

-In both mice and hamsters, exposure to HCB

toxic-degenerative hepatitis, chronic cirrhosis,

hepatomas, hile-duct adenomas and a few hepatomas

older animals

thymic, splenic and nodal lymphosarcomas, especially

in female mice

degenerations (4 weeks), and developed into toxic

hepatitis, cirrhosis and formation of pre-and
neoplastic foci (36 weeks), with hepatomas, hile-

duct adenomas and hepatocellular carcinomas

(64 weeks) in very high incidences in females and

renal adenomas in male rats

increased

-Did not find any association between exposure and

- Apparent excesses were observed for respiratory and

the incidence of liver-cell tumors
A significant increase in the incidence of thyroid

tumors and liver

haemangioendotheliomas was observed in hamsters

cancer mortality

kidney cancer

0,100 and 200

ppm
(mice), and 0, 200
and 400 ppm
(hamsters and
rats) for 90 days

0,75 and 150 ppm

for up to 2 years

50, 100 and 200
ppm for life
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Compound ~ CAR. Test animals

Route Results(Tumor type) Dose

Cohort mortality
study of battery
Lead 0 plant workers and
lead smelter
workers

Swiss albino mouse
(female)

Swiss albino mouse
(female)

Mancozeh

0 Mouse

- Statistically significant exesses for total cancer
mortality, stomach cancer, and lung cancer in the
battery plant workers
- - Although similar excesses were observed in the -
smelter workers, they were not statistically

significant

- Sguamous cell papillomas, keratoacanthomas
100 mg/kg body

wi

Skin

- 712-dimethylbenz[alanthracene painted on the

interscapular region —Seven days after inition the

mice underwent topical

application of mancozeh three times per week as

promoter

= Development of tumors was observed after 12

Skin weeks 100 mg/kg body

of mancozeh application in 1/14 animals and 100% Wi,
tumorigenesis was recorded after 17 weeks of
mancozeh application

(squamous cell papillomas and keratocanthomas)

- Tumor initiating ability of mancozeb has been

observed by a 2-stage initiation-promotion protocol

Skin -
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

Adult newt

. . ) . L 0525 and 50
X (Triturus cristatus  Percutaneous -.Did not result in the induction of any neoplasms
. ppm
carnifex)
Maneb
-No differences in tumor incidence were found between 5 ppm solution
X Adult crested newt  Percutaneous  control and maneh-treated animals of either (4 days a week
population for 37 weeks)
-Among the rats surviving longer than 22 months,
512
BD I and BD NV rat ) .
Lp. developed peritoneal sarcomas 0.1 ml
(male and female) .
-No renal tumors or tumors at any site other than
the peritoneal cavity were observed
-No increase in total cancer incidence was reported,
but lung cancer was significantly elevated in the
Mereury workers
799 workers o
= No causal relationship can be drawn from the
employed for more
) study between mercury exposure and lung cancer
A than 1 year in two - . . . h
) because no correlation existed between cumulative
Norwegian .
) mercury dose, years of employment or lateney time,
chloralkali plants ) .
Also, the prevalence of smoking was 10-20% highers
in the exposed workers, and many workers were also
exposed to asbestos,
- Was not carcinogenic -Rat » up to 20
mg/kg
(22-and 24-
] month studies)
X Rat, mouse Diet .
-Mice ' up to
934 mg/kg/day
(a two-year
Methomyl study)
- There was no evidence of carcinogenicity in either
rats or dogs that ingested high doses of methomyl in
2-year feeding studies
X Rat, dog - -
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose
- Balb/c mice : testis(male)
C3H, Balb/c and ~B6C3F1 mice : bone(female)
0 B6C3FL mouse, - -Oshorne-Mendel rats © ovary, liver(female) -
Oshorne-Mendel rat liver, spleen, abdomen(male)
- Male mice ingesting methoxychlor developed a hight
Balb/c and C3H o ,g, ¢ . y.. ’ o
) ) Significant incidence of interstitial cell
0 strains mouse Ingestion . : 750 ppm
carcinomas of the testis
(male and female)
-No increase in tumor incidence was found in the
Methoxychlor X Oshorne-Mendel rat Diet treated rats as compared with controls 0 and 80 ppm
- Increase in the number of total tumors was observed
) in treated males as compared with controls, but the 0 and 1000 ppm
A osborne-Mendel rat Diet ) . -
increase was not statistically significant {for 27 months)
- Liver tumors were found in male and female BAL/c
Balb/c and C3H mice and in male C3H mice
. . ) i 0 1o 750 ppm
0 strains mouse Diet - Carcinomas of the testes were observed in male
(male and female) Balb/c mice {for 2 years)
Metiram NA. - . -
- Rat © doses of
up to 15
mg/kg/day
Metribuzin X Rat, mouse Diet - There were no indications of carcinogenic effects (for 2 years)
- Mice © 380
mg/kg/day

(for 2 years)
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose
Original doses for
males(4) and 30
- Adrenal cortical adenomas and combined adrenal ppm) and females
adenomas and carcinomas were significantly increased (20 and 40 ppm)
in the males at the low dose were changed at
- Additionally, there were significant positive trends 13
with respect to pooled controls for thyroid weeks to 30 and
Tollicular adenomas and pancreatic islet cell 60
carcinomas in the males pom for hoth
Parathion ) males
0 Oshorne-Mendel rat Diet
(ethyl) and females,
The female doses
were returned to
20 and 40 ppm at
week 46
-No oncogenic effects were noted in either sex at
either dose 0,80, or 160 ppm
for 62 to 80
weeks
- Long-term exposure to PCBs in animals has been
associated with the induction of neoplastic nodules
in the liver and in some cases hepatocellular
PCBs 0 - - }
carcinoma
- There was no evidence of carcinogenic activity of
PCP in male or female rats fed diets containing 200,
400, or 600 ppm for 2 years
pentachloropheno 200400 pr 600

1

ppm
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Compound  CAR. Test animals Route Results(Tumor type) Dose

100 or 200 ppm

) technical-grade
- Compound-related neoplasms were observed in three

) pentachlorophenol
organs/system: liver, adrenal gland medulla, and

) or 100, 200 or
vascular endothelium &0

- Dose-related increases of hepatocellular adenomas
0 B6C3F1 mouse - ) } ppom EC-7
and of carcinomas were observed in male and female )
: ) (a commercial
mice exposed to hoth technical penta and EC-7, ]
) ) grade with lower
although the increase was less marked in females

) levels of
exposed to technical penta )
contaminants)
Pentachloropheno
1 - Initiated with diethylnitrosamine (DEN) at 20 ppm
in the drinking water for the first 13 weeks
followed after a 4 week recovery interval by PCP
B6C3F1 mouse Diet = Incidences and multiplicities of hepatocellular 300 and 600 ppm
e
(male) in mice treated with PCP after DEN initiation were  (for 25 weeks)
increased compared with those in mice given
initiation only
N -Did not find any significant increase in tumor Maximum
ouse
. i (for 78 weeks) increase in males or females of either strain tolerated
(two hyhrid strains)
dose
Pyrethroids ) ) ) ) )
(synthetic)
020 mice (1,350
. o mg/kg)C57 Bl
- Total incidence of tumors was not significantly )
020 mouse, C57 Bl ) mice) 300
- different from that of the controls
mouse, BD IV rat mg/kg)and BD
IV rats (1,350
Styrene mg/kg)

- Limited evidence of increased risk was found in
rectum

A Cancer patients - -
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose
- There was no evidence that styrene exposure caused
) treatment-related increases of any tumor type in
Charles River CD ) .
) males or females or in the number of tumor-bearing  0,50,200500 and
X (Sprague Dawley- Inhalation )
) rats in the exposed groups compared to controls 1000 ppm
derived) rat ; ]
= there is clear evidence that styrene does not
induce cancer in rats
Styrene Inhalation,
gavage, in the
drinking - water
, and by - There is no convincing evidence for a carcinogenic
X Animal ) ) . B
intraperitoneal  action
and
stbcutaneous
injection
-,C3hf mice : significant increase in the incidence of
C3Hf and X VI/G neoplastic lesions
Oral , o , 80 ppm
mouse - XVI/G mice : no significant difference
- Although an increased incidence of tumors at various
sites was observed in one study in which 245,-T
Oral (containing less than 0.05 mg/kg chlorinated
r ] . . . . .
A Mouse dibenzodioxins) was given orally, no evaluation of -
subcutaneous ) o )
the carcinogenicity of the available data
= due to the small numbers of animals used
245-T
- The incidences of all tumor types were comparable to
those in the control groups, with the exception that
the incidence of interfollicular C-cell adenomas of
the thyroid was increased significantly in female
rats receiving the lowest dose. This increase was
A Rat Diets not considered to be related to treatment since it -

was not dose-related and the female control group
had an unusually low incidence of thyroid adenomas
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose
. -600 micrograms/kg body weight of TCDD developed
0 Syrian golden Intrapzr;toneal squamous cell carcinomas of the skin of facial
hamster subcutaneous T8N
- Neoplasms in the lung, oral/nasal cavities, thyroid
and adrenal glands, and liver
0 Rat - - Neoplasms in the liver and subcutaneous tissue, _
thyroid gland, and thymic lymphomas
- Squamous cell carcinomas of the facial skin
- Incidence of hepatocellular adenomas was increased
by TCDD treatment at 60 micrograms/kg dose level
in
(C57BL/6] X C3Hf)F1 B6C3 of hoth sexes but not in B6C mice 0130, and 60
0 (B6C3) and (C57BL/ ; - Hepatocellular carcinomas were seen at increased n]fcfo ’A( bod
23,13-TCDD 6] X BALB/c)F1 D incidence at 30 and 60 micrograms/kg doses in B6C3 gw tg ¥
(B6C) mouse males but not n B6C3 females or in B6C mice of -
both
sexes

0 Mouse Gavage

0 Rat -

- Induced hepatocellular carcinomas in both sexes and
Tollicular-cell thyroid adenomas in feamale mice

- Induced follicular-cell thyroid adenomas in male and -
neoplastic liver nodules in female rats

- Hepatocellular carcinomas, squamous cell carcinomas
of the lung, hard palate, and nasal turbinates
developed (hepatocellular carcinomas were sex- 0.1
specific in female rats only) microg/kg/day for
2 years
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Compound ~ CAR. Test animals

Route Results(Tumor type)

Dose

0 Rat, mouse
Toxaphens

0 Rat, mouse

X Hamster

-Rats © induced malignant neoplasms of the liver,
Neoplasms at all sites, as well as malignant
neoplasms were found more often in male rats and
carcinomas in female rats.

Neoplasms of the endocrine organs were also
increased in male and femaletoxaphene-treated rats,

- -Mice  induced malignant neoplasms of the liver,
The incidence of malignant neoplasms at all sites
was also increased.
Male mice had leukemia or Iymphosarcoma and
females
had sarcomas of the uterus.

- Induced liver tumors in mice and neoplastic thyroid
- lesions in rats in chronic feeding studies

-Not carcinogenic
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

Tributyltin

chloride

NA, - - - -

- Oncogenicity studies in rats and mice revealed no
X Rat, mouse - ) . . h
carcinogenic potential

One technical grade of trifluralin

(possibly contaminated with N-nitrosodi-n propylamine)

- Female mice © induced an increased incidence of
hepatocellular carcinomas; in the same study, an
increase in the incidence of lung adenomas or
carcinomas was observed in females. An increased
incidence of squamous-cell carcinomas of the
forestomach was noted in female mice at the lower

Rat, mouse Diet but not at the highter dose. -

- Rats ! increase in the combined incidence of
follicular-cell adenomas andcarcinomas of the
thyroid was noted at the lower but not at the higher
dose in females.

Trifluralin
Another preparation of trifluralin

- Mice  No increase in tumor incidence was observed.

- Statically significant (P<0.05) increases in the
incidences of bladder papillomasand renal pelvis
carcinomas were found at the highest dose level
tested in female and male rats, respectively.

- Significant, (P<0.05) increase in the incidence of

) follicular cell tumors of the thyroid gland 0,813,3250 and
0 F344 rat Diet ) ;

(adenomas plus carcinomas combined) 6500 ppm

occurred at the highest dose tested in male rats
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Compound ~ CAR. Test animals

Route

Results(Tumor type)

Dose

X Sprague-Dawley rat

Trifluralin
0 Rat
(male)
0 Rat
zineb A Rat, mouse

Oral

-Did not produce statically significant increase in

tumors

- Induce thyroid tumors

- Malignant tumors developed in the kidneys, bladder,
and thyroid

- One strain of mice © produced an ncreased incidence

of lung thyroid

-Mice © Systemic reticular-cell sarcomas were

observed
-Rats ! a variety of sarcomas

-In two other strains of mice and in two limited
studies in rats © No increase in lumor incidences
were observed
= The available data do not allow an evaluation of

the carcinogenicity of zineb to be made

0,200,100 and
2000

ppm
(2-year study)

0,3250 and 6500
ppm
(78-week study)

0,237 and 5000
ppm
(78-week study)

325 mg/kg/day
(the highest dose
tested, in a 2-

year study)
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Compound ~ CAR. Test animals Route Results(Tumor type) Dose

-Mice : the incidence of benign lung tumors was
increased in females
0 Rat, mouse Oral ) ) o -
- Rats © a dose-related increase in the incidence of

C-cell thyroid carcinomas was observed in males

- Carcinogenic to male rats, causing an increase in
Ziram thyroid cancer

- There was no increase in carcinogenicity in female

rats or in male mice
A Rat, mouse - - Female mice showed an increase in lung tumors, but

this was complicated by a virus infection making
interpretation difficult
= Ziram's carcinogenicity is not determinable from

current evidence
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5. Classification of analytical methods for EDCs

Category 47 A 4 FA
1 PCB PR GC/MSD
1 PBB PR GC/MSD
1 HCB gojzz GCIMSD
1 hexachlorocyclo hexane PR GC/MSD
1 chlodane PR GC/MSD
1 trans-nonachlor Lj3s GCMSD
1 DDT PR GC/MSD
1 DDZ&DDT PR GC/MSD
1 kehane PR GC/MSD
1 aldrin PR GC/MSD
1 zndrin PR GC/MSD
1 heptachlor PR GC/MSD
1 heptachlorepoxide LjFE GCMSD
1 methoxychlor LjFE GCMSD
1 octachlorostyrene Lj3s GCMSD
1 dieldrin PR GC/MSD
1 zndosulfan Lj3s GCMSD
2 pentachlorophenol £ #2+TMS 8} GCMSD
2 TAEE+TMS 8} GC/MSD
2 alkylphenol(Cy~C) i3, S GC/MSD
2 bisphenol A Lo|FE+TMS 3 GCMSD
9 TAZEITMS 3 GCIMSD
2 2 4-dichlorophenl S| 22+ TMS 3 GCMSD
2 DAEZITMS 3 GCMSD
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Category 44 Ay T4AA
3 di-2-ethylhexyl phthalate L3z GC/MSD
3 butylbenzyl phthalate LjFE GC/MSD
3 di-n-butyl phthalate L3z GC/MSD
3 dicyclohexyl phthalate LjFE GC/MSD
3 diethyl phthalate L3z GC/MSD
3 diphentyl phthalate L3z GC/MSD
3 dihextyl phthalate L3z GC/MSD
3 dipropyl phthalate L3z GC/MSD
4 1,2-dibromo-3-chloropropane P&T GC/MSD
4 benzo(a)pyrene 45 GC/MSD
4 di-2-ethylhexyl adipate L3z GC/MSD
4 benzophenon L3z GC/MSD
4 4-nitrotoluene 45 GC/MSD
4 styrene 2 2 3% 45 GC/MSD
4 styrene P&T GC/MSD
4 n-butyl benzene P&T GC/MSD
5 245-trichlorophenoxy acetic acid & 715:% +methyl 8 GC/MSD
5 24-dichlorophenoxy acetic acid & 715% +methyl 3 GC/MSD
5 amitole FEAGIYFE HPLC
5 atrazine LjE, EE GC/MSD
5 alachlor LjRE aNFE GC/MSD
5 simazine LjRE aNFE GC/MSD
5 ethyl parathion L3 AFE GC/MSD
5 carbaryl L3 AFE GC/MSD
5 LrFE A g HPLC
5 malathion LjRE aNFE GC/MSD
5 methomyl LvjeE+F 24 g HPLC
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Category B 4 T4AA
5 nitrofene E3E, adFE GC/MSD
5 trifluraline L5E, IdFE GC/MSD
5 benomyl LulFE+F A g GC/MSD
5 metribuzin E3E, adFE GC/MSD
5 cypermethrin L, 12 GC/MSD
5 fenvalerate E3E, adFE GC/MSD
5 oermethrin E3E, adFE GC/MSD
5 vinclozolin E3E, adFE GC/MSD
6 tributyltin &v) 2% +phenol 3 GC/MSD
6 triphenyltin £915% +phenoldt GC/MSD
7 estradiol 4952 +BDMS 3 GC/MSD
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6. Analytical procedures for each categories of EDCs

7}. Category 1

D fF7194A385HE 24U (Polychlorinated Biphenyl, PCB)

A= 1L NaCl 30g #7}, surrogate &7}

o 5} Glass Fiber Filter® 93}, ss& A %2 Acetonel &

F=5kaL, oIl 7t

o Hexane 100m¢d 7} 21023, &% < Hexane 50md

= 2 o8 e 3%

g 9 NapSOs 7}

&= KD %= Roptary Evaporator® ¢F 1mé 7}4] &=
Clean Up Silica gel Cartridge column, Hexane® & &=

|
T Noi 0.1mi7bA 5=

GC/MS(SIM) =4

7
1%
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2) F7192AETE EAHAD (PolyBrominated Biphenyl)

i)
%

4
o

e
al

off
A

Clean Up

GC/MS(SIM) =4

NaCl 30g &7}, surrogate 1pg? 7}

Glass Fiber Filter2 3, ss= A %9 Aceton® &

FEotat, ofzolel] M7t

Hexane 50med 7 210830 #3S 23] w5

F NaSQs 37}

KD %+ Roptary Evaporator® ¢F bml7bR] =%

No2 1m7HA] &=

Silica gel Cartridge column, 2% Acetones

F33l= Hexanel & £

KD %+ Roptary Evaporator® ¢F bml7bR] =%

NoZ 1ml7tA] ==

LS|
&

A

(23} polybrominatephenyle 24 AW o] t}&)
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l A2 1L ’ IM @Aro 2 pHZA(pH3), NaCl 30g %7}, surrogate
lpg 7t

[ Glass Fiber filter2 o3}, ss 2 %2 Acetone2.=
2% 2% o Ao HI}
i 2% | CIRCL 57l (08D, =2 28 W5
g2 B4 NagS0s4 E7F

r i Evaporator® 05m7hA &%

|

Clean Up Hexane 100m¢, Acetone 100mé

|

\ Y Evaporator® Fm7MA F3%

L IS J Na;S0s # 7}

Evaporator, No71 #38F 0.5m7b A 5%

WeExzzadst Pyrene 1ug/md CHoCla & 1meA 7}

f = J No&E 05mES
P BSTFA 200n87+% 60min. ¥
. No 7153 02-03um %%, lnt CHCl 37}

l

GC/MS(SIM) %7 | #4
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Rl
?L
a
&

o
T

A

g

GC/MS(SIM) =4

ss7h B Agols AaFEmel 4y

SepPak SP-2, Oasis™ HLB, SDB-RPS %

Methyl acetate b2 &=

7hZ, No 715 shellA obF A2 9F(0.2-0.3m0) €]

Methylacetate’} Hollg& LR 5

Naphthalene-d8, Fenanthrene-d10 lug/m¢ Hexane &<

1mé A7}

M
1%
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2) ¥H&F 229D (bisphenol A, Chlorophenol )

Az 1L IM @g2te 2 pHEH (pH3), NaCl 30g %7}, surrogate
Lpg 37}
o151 Glass Fiber filter2 o3}, ss 2% 9 Acetonel =
FE, 55 of Fdd It
= CHoCly 50me3& 7} 3210570, =2 23] ubx
2= 9 NapSOs 7}
= Evaporator2 0.5m7}A] &5
Clean Up Hexane 100mé, Acetone 100mf
T Evaporator® Fmé7}A &5
g2 NaSOs #H 7t
T Evaporator, No7] %3} 0.5me7b4] &=
YR gzEAds | Pyrene lug/mb CHCle -89 1mt3 7}
| =z | NoE 05mE S
R BSTFA 200m{3 7} 60min. ¥
T Ny 7153k 0.2-03m¢ 553, Imé CHxCly H 7}

| GO/MS(SIM) 57

=
2
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A& 1L IM g4te s pHE4(pH3), NaCl 30g %71,
surrogate(Bisphenol A-d16) 1pg3 7}
ss7F WAY cleaning ©] 2R3 S HAFEHo]
AL FE a5
PE SepPak SP-2, Oasis'" HLB, SDB-RPS & 4Al4=
A4
Az Ny 7} &3
f£= Ol CH.LE &%
e FrHdES ot
WEEE2227 | Pyrene-dl0 lug/mé CHyCly €9 1mb#E 7}
&= 7hZ3t A 0.5m7HA] F S
= A 3} BSTFA 200¢¢ #7F% 60min. ¥ (A-&)
|
5 Ny 71573l 0.2-0.3m¢ =3 1mé CHuCly &7}
|
GC/MS(SIM) &4 | 4
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t}. Category 3

[ Phthalate Ester

[57: ool 2]

Al & 95mb

WL/ FE

3

o
e

Y
al

=
T
2]
HN
i
i
jutad)
N

GC/MS(SIM) =4

surrogate =2 # 7}, NaCl 15g # 7}
Hexane 2.5m¢ #7}/xyt

No7Z| F3ot 1m7kA 5=

T NasSO4

4-chlorotoluene—d4, “}2 &3 -d8,
Bipheny-d8, Fenanthren-dl10,

Fluoranthane-d10, Chrysene—d12,

Perylene-dl12 &% 7}

=
3
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2}. Category 4
D g wskaas) BN 1)
[ ool %]
Ag 1L NaCl 15g A7}, surrogate 1pg? 7}
F= Hexane 100m-g 71+ & H&7t S5 F=
2 F4 NaS0s &7}
KDY Rotary Evaporator® bml7}A] =383
1=
o A NoZ Imb7kA] 53
Silica gel column
Clean Up Hexane 20mé
Acetone: Hexane(5:95, v/v) 50mé
KDY Rotary Evaporator® 5mé7}A|
330 A No® 0.3m7tA 53
£ #H7t

off
A

BaP-d12, Benzophenon-dl10,
Fluoranthane-10, Nitrobenzene-d6

Y
al

=
2

GC/MS(SIM) =4
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2) H

o=
U
oft

% Eead B4y (D

[+ Headspace W]

Alg 10-100m¢ | NaCl 3g/10me

MEEFEAA7 | 4-Bromofluorobenzene 0.1mg/mé, Methanol 1mé 7}
A 7 20-70C, 30-120 &
Headspace/

=
2

GC/MS(SIM) =74

[#4: Purge & Trap %]

A5 5-25me Purge &7]9 A& F9

z273 7} | 4-Bromofluorobenzene 0.1mg/mf, Methanol 1me 37}

P&T/
GC/MS(SIM) =74

o

=

=
2
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vl Category 5

Alg 1L

o] 7} Glass Fiber Filter2 o3}, ssv= 4 %9 Acetono 2
FEoka, o A7t

o FIHEF 50g #7F CHLL 50mH 7 F5

F= L
(105-7F, 28] 5=)

g2 Hexane 10mé, ¥ NaSO4 H 7}

= KD# =74 Roptary Evaporator® ¢F3-omé7lA &35

Fenanthrene-d10, Fluoranthane-d10,

7} Chrysene-d12, Perylene 2+ 0.5pxg/mé2]

=
X
ko
HN
i
i
jutad)

Acetone €9 05ml A7}t

GCMS(SIM) 24 | 14

=~
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n
i)
R
o
0
il

A5 0.5L

o

>
X
e

=
Iz
=3
HN
il
fix
et
X

GC/MS(SIM) =4

Glass fiber filter2 o] 3}, ss&= A% 9 Acetonelo =
FE, F5 5 AFfAd HI}
ODS, Styrenedivinylbenzene &% &),

Polymetacrykate 2|, Polyamide <+X4]

=

.
geoRn gy &

A

Aspirator == 4]

Acetone 3ml%E &=

Ny 7157 3tellA 2me7bA4] #5 %, Hexane bmlE

7bsta B4 FAUEFOR g5 NpE w3
Fenanthrene-d10, Fluorathane-d10,
Chrysene-d12, Perylene-dl2 2t 0.5ug/mé 2] Acetone

4 05ml, 1mé A7}

=
3
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2) ¥ % 4 (ID)-Phenoxy Acetic acid 7

[ Ao o} 2]
| AR L | 9EYEE 25g B7h 20% A2 AE pH 22 274
| % | Dichylether 100n(% 10%7F &850 3% (23 W)
Rotary Evaporatorg AM&ste] fr&d o] o x] &
PATIETE w7kA] F5(25C)

Methanol 10mf, 1M NaOH 10m¢, A A< 10me A7}

olyle] g 70CoAA 1583 dvte] &34

F= CH.Cly 30me 55-7F &89o F=(239))
g gl E R
FATIRTIE S Rotary Evaporator® AR&3le &5

Methanol 0.5m¢ ¢+ CHxCly/Diethylether 1mé® Methyl

O — I 5
T LT L REE
= 2 Ny 7] 5F3tlA 5=
Hexane 0.5m¢$} Fenanthrene—-d10 0.5ug/m{ Hexane-& <Y
YR EF=E4A47)

10pl 27}

GC/MS(SIM) =4 | &4
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3) HUF9 44U - Benomyl

e)
[FA:QqHF=]
| A EE 50g H7L
J CH:Cl, 50m 2 1083t E50
AHgEEe) FE Y
w

%
Rotary Evaporatorg
742 F5(25T)
0-20mE &3l 0.1M H4+ 50me

>.
i&‘
i
{m
i
U‘l
P

A&,
H A

4
ol

Rotary EvaporatorZ Ah-&3ke] 3-5m7tA] &
st A Az

Ax 715

k-
Methano! 0.5m¢, Diazomethane/Diethylether £ 1mé

i

+
A @

i

47}

0,
off
Ay

A7A wF

L

A7k, AL A 1A
Aax

=3
N7

F sl &
Fenanthrene-d10 0.5xg/m¢ Hexane £ 0.2mE

]

N
o

A3
~

e

WY R
GC/MS(SIM) &4
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HPLC(¥3) =4

SEEERCE]

ZakZ g (pH 4.0) 2me &7} 0.2% Fluorescamine

acetone-& 4ml 7}, 20CAA 2A1 7+ wHE-

ODSA Cartridge column 5-10m¢/min

AT 2mb AHE

Methanol 2ml A &3] gtz

=
2
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Ny
N
e
o5

e

7t

2

=
—
>
. A+ s}
o il kI
s ol Ay
3 B ®
0
= N ~ Ny o
of 5 < IS 5
e i) e g i
<
o ol A= = ol
A ) B = TH
Eoowr ox g 4
= = o) <
&0 — e = -
S % &
— :i M e} HT_
= S = v
o8 =z £
| s ) MM =
T O g 3] 1%
) 7 5 S 2
TH O ) < @)
ﬂo
A
= —
A A N 7o
i N i Ho 8o
\Al S
<
&,
!
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v}, Category 6

[ 210} o} 5]

AlE 1L \ A4k 10me=2 pH =74, d3ES 20g A7}

0.1pg/ml surrogate &< 100m¢ # 7}

(Tributyltin-d27, Triphenyltintrichloride-d16)

Hexane 100mlE &5 &, o0m=E A &5

= ==
= == = O o]
=, Hexane &= E&.

4

g FrFAYES A7)
=k |
R oF bmé7HAl F 5
T Ny 715 &foll A 1m7tA A%
2M EE3} propyl magnesium £ 1ml J 7} 30%
= 8 o .
b Ao xSt 2 ds}

05M &4F 10mé 37}, Methanol, & 2+ 10mé® A7},

5% Ether 7} &% Hexanel & 23] F=&
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RE 5 10ml= 23] A=

Florisil column®] Al & loading

Clean-u e -
b 5% Ether -3 Hexane 10ml= &=
= N2 2 02m0 7HA] &=
Tetrabutyltin-d36
W EEEAA )

Tetraphenyltin—d20

GC/MS(SIM) &7 A
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A}. Category 7

1) Estradiol®] #23%1(1)
[42:GC-MS H]

| Nw 1L |
o 7} . . »
FZ&, SEd Hr}
N E= ODSA Cartridge column
] x Q= ;{é
/H < y O % -
‘ 4=
T=AxE NoZ AZ(407TC)
+ 3l IM g4 deg g
TEUAx NoZ AZF40T)
WeEawd Az 0 o
T A = T 5ng 7@1,{% @7]—

Noz A2(40C)

GC/MS(SIM) &4 | 4

- 196 -

Glass Fiber Filter2 o 3}, ss& W&& 1M 24

A4 bml, Hexane dmeE A%, itk €l o gh2:(5:1) bmE

IneE 7FskaL 80TA 2027 714

Silica gel TLC clean—up: Chloroform/Acetons &2 A 7|38k 2
Clean-up & Methanol® % $ No® 7%, HPLC clean-up ODS

A 36% AcetonitrileZ &%

5% AT o Eopdl & E85l = dimethlformamide® 9 100ml=
A B %ol MTBSTFA 50u4Z 771, 80Tl A 6057 714,



2) Estrogen®] #4191
[<=4: ELISA ]

A7 1L
Glass Fiber Filter2 o3}, ss& #W#E 1M 24 954
y
s o 2% §Ed #r
A FE ODSA Cartridge column
i ) AAF 5ml, Hexane Sml 2 A F, 2Abol g w&&(51)
A, &=
L spE &=
vz NoE AZ2(40C)
IM g4 Hge & InE 718t 80T olA 2083t
-3
7+
Ne® 7Z2U0TC), #5592 0.1l Methanol® =91 3
e .
1M Triethylamine 1%-&-8 7}t & wyh
ELISA ELISA kite] &&& Imé H7}
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7. Reagents - appratus - instrument by types of EDCs

7}. Category 1

- QzAsttERe BAd Bad Ao 7 - B
SRR 297+ 2 AT type B
= oz Hyzuz )3
ZANY 334 surrogate® 2 yrEeed A Y 1 e
Polychlorinated ) )
. Ing/L.  4-Chloro(13C12)biphenyl 9-Chlorobiphenyl FEAfA A
biphenyl(PCB)
44'-Dichloro(13C12) ) . IAGAFZE
biphenyl 4-Chlorobiphenyl A=A
%ﬁ) ﬁir’lglﬂcmom(lgaz) 2,6-Dichlorobiphenyl Silicagel7HE # A
IR i =
lzaif)ﬁi}?yl Tetrachloro(13C12) 44" Dichlorcbipheny1 ;eg(;fi H5747]
%i%féﬁ’y,??entachloro(13012) 2,2 6-Trichlorobiphenyl Magnetic stirrer
(Zi%’élilzl;i%g};rlfyelxachloro 344"~ Trichlorobiphenyl A%7)
(2123’631’121’)%{3135;{;1[ Fptachloro 22 6,6'-Tetrachlorohiphenyl 5] A7 o] €]
(21230313)é§h§n5y | Octachloro 33 A4 Tetrachlorobiphenyl 35474
2.0/ 33/ A4/ 55 6 2,2' A6,6'-Pentachloro Rotary
Nonachloro(13C12)biphenyl ~biphenyl Evaporator
02'33 44’55 66- 3.3 44' 5-Pentachloro sy b 100w, 3000,
Decachloro(13C12)hiphenyl ~hiphenyl T 2000t
22 44' 6,6'-Hexachloro HEEE

~hiphenyl

3,3' 44’ 5,5'-Hexachloro
~hiphenyl

2,2' 34" 5,6,6'-Heptachloro
~hiphenyl

2,2/ 344" 55'-Heptachloro
~hiphenyl

2,2/ 33'44' 55'-Octachloro
~hiphenyl

2,3.3'44' 55' 6-Octachloro
~hipheny

259

293

ey

Imd, 2mf, 3mf, 5md,
10mf

1md, 2mf, Snf, 10mf
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FEYER.

A7) type 2

SR teE 2 LEFE Aok

=34 . surrogate® YrEEE ] 4 44
N R D aBdaT o5, el e
2,2 33'455'6,6'- EE 100me, 200md,
Nonachlorohipheny —EE 1000n¢
2,2 334455 6,6'- oA glE 100mf, 200mé, 300m,
Decachlorohiphenyl AnZdad 1000w
RIS ol oo, 00
Yahtes Ak o, S 100,
A5 npAeAAAT 50, 100nt
EKs
o}xﬂi
441y GC/MSD
FAHUEE Autoinjector
b Autosampler
Ethanol
Silicagel
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2442 j”? smogateRd  WyEEED A% 4977 2 Q@”jg"e *
G 8
¢ -HCH Ingl.  pp’ DDT-ISCI2  Phenanthrene 410 -HCH ey G 10 SO
#-HCH HCB-13C6 Fluoranthrene-d10 8-HCH A%
v -HCH p-Terphenyl-dl4 v -HCH | 499 }gﬁ}g 2at, 3t Sul,
3 -HCH 3 -HCH ekl 1nt, 2ut, 5uf, 10nt
pp’ -DDT pp’ -DDT WaZaad 25nf, 50nf, 100}
0p’ DR on' -DDE ISR ;(EOHUL 200mt, 1000
Methoxychlor Methoxychlor H] o] 7] ii()mfé, S0nt, 1000
Kelthane Kelthane A%7)
Aldrin Aldrin o
Dieldrin Dieldrin KD ¥%7]
Endrin Endrin (ilﬂ ni(? ;)n yder
Enchinaldehyde Endinaldehyde 2 flask o 0 100
Hped
Endosulfan I Endosulfan I anz 50mf, 100mf
Endosulfan 11 Endosulfan 11 2&1 447)
Endosulfansulfate Endosulfansulfate 427
Heptachlor Heptachlor Homogenizer
Heptachlorepoxide Heptachlorepoxide 2y
trans-Chlordane trans-Chlordane FHAFA3A

cis-Chlordane

cis-Chlordane

Teflon 3577
ERR
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ZANE %j;j surrogate 2 yrEsE4 Ao g @;j * tyifg‘}; z a
Oxychlordane Oxychlordane Magnetic Stirrer
trans-Nonachlor trans-Nonachlor ERE R
cis-Nonachlor cis-Nonachlor FFYAA
Hexachlorobenzene Hexachlorohenzene
Octachlorostyrene GC/MSD
Brominated Biphenyl Autoinjector
Dibrominated Biphenyl Autosampler
44)

Octachlorostyrene
Hexane(#5 5 %2

Polybrominated-

Biphenyl
Acetone(#57 54 LA £)

florisil (5 5 F24 &)

1248)

A
Acetonitrile
Ethylether

Fel

- 201 -



s
o2l
ox
o

surrogate® 2

Hgzu
Yiresred

Ao}

297 2 A

YT

type X &%

4-t-hutylphenol

4-n-pentylphenol

4-n-hexylphenol

4-n-heptylphenol

4-t-Octylphenol

4-n-Octylphenol

Nonyl phenol

10ng/L

10ng/L

10ng/L

10ng/L

10ng/L

10ng/L

100ng/L

Naphthalene-d8

Phenanthrene-d10

4-t-butylphenol

4-n-pentylphenol

4-n-hexylphenol

4-n-heptylphenol

4-t-Qctylphenol

4-n-Octylphenol

Nonyl phenol

Dichloromethane

Acetone

Hexane

Silicagel

o
=
o

pH meter

glass filter fiber

29717

9477

g4

2929

Rotary
Evaporator

Silicagel 2%

nled A zlask

GC/MSD

Autoinjector

Autosampler

1L

2L

200mf

100md

100md

nt

10mf
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1. Category 2

- Phenol# ¢ 4] &

SEq% AT
SRRE . surrogateZ 2 WHEFEZ e AR7)7 2 3R wpe 2 5
Bisphenol A 10ng/L Bisphenol A-d16 Pyrene-d10 Bisphenol A 94 1L
2A-Dichlorophenol ~ 10ng/L 2.4-Dichlorophenol 4247 9L
Pentachlorophenol ~ 10ng/L Pentachlorophenol 4247 200mf
vezavd FAZ7) 100m¢
N,0-bis(Trimethylsilyl) Rotary
trifluoroacetamide(BSTFA)  Evaporator
FEPAGER %7
gat WAZgrsd 100mé
dFyES Aazd L
Acetone Agd AgH 10m¢
FAFYES pH meter
Silicagel glass fiber filter
285 A7)
wa =2 100mé
Zela3d Al
i A | 100mé
EEK

Silicagel 2%

g
LR

GC/MSD

Autoinjector

Autosampler

felAd 2

10mf
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t}. Category 3

- Phthalates®] 21 gk AleF . 7] - A=
SRR X A7)+
= B =] Hyzuz 9 13 u 2
AR gy vmmed o dEEER i TR ge
Diethylphthalate 200ng/L  Diethylphthalate-d4 4-Chlorotoluene-d4 Diethylphthalate 94 1L
. Di-n-butyl ~ ) oal A9
Dipropylphthalate  200ng/L ohthalate-d4 Naphthalene-d8 Dipropylphthalate g g
o Diisopropyl . B o .
Di-n-butylphthalate 200ng/L ohihalate-d Biphenyl-d10 Di-n-butylphthalate ~ Magnetic stirrer
. Di-2-ethylhexyl ~ . 1%
Diisopropylphthalate  200ng/L ohihalate-d Phenanthrene-d10 Diisopropylphthalate 2=
Dibenylghthalate  20ng/t,  Dvlohet Fluoranthane-dl0  Dibenzylphthalate ~ 47]2
phthalate-d4 =
Dihexyiphthalate  20ng/t,  Doutbenat Crysene-d10 Dihexylphthalate 4 224 100n¢
phthalate-d4 -
Di-2-ethylhexyl ~ Di-2-ethylhexyl g
ohthalate 200ng/L Perylene-d10 ohthalate Y2 224 10me
Dicyclohexylphthalat
200ng/L Dicyclohexylphthalat ot 2# Alga 10w
e
Dibutylbenzylphthala
. 200ng/L Butylbenzylphthalatel
e
FEPRIESR GC/MSD
dgyES Autoinjector
AR Autosampler
Hexane
Acetone
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2}. Category 4

2gRF 3 2977 type
SRRE . surrogate® 2 YrEzed e AR7)T 2 AA W 29
Benzo (a) Pyrene 10ng/L BaP-dI2 Benzo (a) Pyrene(BaP) Wi Zehad 100md
Di-2-Ethylhexyladipate 10ng/L Benzophenone-d10  Di-2-Fthylhexyladipate Silicagel 2% &3 EYA
Benzophenone 10ng/L Fluorathane-d10 Benzophenone ANEAH L7 100L
4-Nitrotoluene 10ng/L Nitrobenzene-d5 ~ 4-Nitrotoluene 277 1L
Stryrene Dimer % ) Rotary
Stryrene Trimer 10ng/L Stryrene Dimer Evaporator
1.3-Diphenylpropane A% 7) 10ml

cis-1,2-Diphenyleyclobutane

ESRE
(cis-DPCB) A A 500nd

trans-1,2-Diphenyleyclobutan
e

Zgad 100me
24-Diphenyl-1-Butene Zdag
Styrene trimer

2,46-Triphenyl-1-Hexene
(TPH)

1-Phenyl-4-(1 " -phenylethyl)
tetralin-4%-] 4 4]

1,35-Triphenylcyclohexane
(TPCH)

Hexane GC/MSD
Acetone Autoinjector

AFYER Autosampler

Silicagel
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AgAF % AT type

Ex kRS 434 surrogate® 3 UV EEEA A% 1 e
i{,};ﬁg:fromoﬁ@hlomp 10ng/L 4-Bromofluorobenzene 1,2-Dibromo-3-Chloropropanol ~ Headspace 7
Styrenezo 10ng/L Styrene X RV
n-Butylbenzene 10ng/L n-Butylbenzene Vial 25mf

Mathanol Yx Zdad 100

FtES

AAF P&T %A
AeAAE7 1L
WA ZgA3 100w
GC/MSD
Autoinjector
Autosampler

Headspace 4]

P&T %A
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vl Category 5

- obRe) BAld Bag A% )T - 4A
2442 Eﬁf? swmogateRd  MYEEEY A% 2917 2 44 %7';;”" *
Acetone
Atrazine 10~50ng/L Phenanthrene-d10 (4850 g) FEAFA A lum
Alachlor 10~50ng/L Fluororanthene-d10 JHIEE(ET) 7]
Simazine 10~50ng/L Crysene-d12 Dichloromethane
Ethylparathion ~ 10~50ng/L Berylene-d12 Hexane Aspirator
Cabaryl 10~5ng/L PEWIIEE o)) iu0ut, 200ud, So0u,
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Abstract

A Study of Analytical Methods
Improvement and Application for Bisphenol A
and Phthalates, Probable Endocrine

Disrupting Chemicals

Endocrine Disrupting Chemicals (EDCs) are exogenous agents that interfere
with the production, release, transport, metabolism, binding, action, or
elimination of natural hormone in the body responsible for the maintenance of
homeostasis and the regulation of developmental processes and it was issued
worldwide by the 1996 publication of 'Our Stolen Future’ by T. Colborn.
Though there are many studies that EDCs have many adverse effects on
reproduction, development, behavior and immune function in wildlife, still
sufficient evidences are not reported that EDCs might have similar adverse
health effect on human. However the hormones that the endocrine glands
secret act as chemical messengers in the bodies of humans as well as in other
wildlife animals. As many evidences in wildlife could bring the hypothesis of
the very last of human in earth, precautionary approach is needed in dealing
with EDCs problem. EDCs, though WWEF, US EPA and The
Administration of Health and Welfare of Japan suggested 67, 73 and 142
chemicals, respectively as EDCs, it is expected to expand much more according

to the progress of screening and testing study. Current studies concerning
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EDCs are divided into the confirmation of chemicals as EDCs and their
mechanism and their monitoring study in our environment and human
exposure.,

The principal importance in the EDCs monitoring is the establishment of
analytical technique for trace level EDCs. As the levels of natural hormones in
function are in the level of ppb and ppt, EDCs that interfere with the function
of natural hormones should be measured at the same level. EDCs are widely
used in our daily life and they are widely spreaded in environment like water,
air and soil. Also EDCs are found in food and biological samples. So for the
successful monitoring of EDCs, new analytical methods including sample
treatment that can remove interfering agents with cost effectively and analyze
several EDCs simultaneously should be developed.

In this study, analytical method improvement and application were tried for
bisphenol A and phthalates that are used much without legal control in Korea.
US EPA classifies bisphenol A and phthalates as probable endocrine disrupting
chemicals and so their monitoring is very importantly needed. However
standard analytical methods for bisphenol A and phthalates are not presented
vet and contamination control studies in the ppt level analysis for those
chemicals are not introduced vet.

Therefore in this study, comparative analysis of Japan SPEED ’'98 and
NIER (National Institute of Environmental Research) method was reviewed and
the analytical methods improvement for bisphenol A and phthalates using Gas
Chromatography-Mass Selective Detector (GC-MSD) and Liquid
Chromatography-Mass Selective Detector(LC-MSD) and their application to
real samples were studied. Especially in the bisphenol A analysis, the strength
and weakness of two analytical method, GC/MSD and LC/MSD was compared
and in phthalates analysis, the contamination effects was studied from pipette

tip, solvent and septum during the GC/MSD analysis.
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With this study, new analytical method for ppt level bisphenol an analysis
using LC/MSD and GC/MSD was established and LC/MSD method for
bisphenol A can have additional advantage of simplifying sample treatment and
simultaneous analysis with alkylphenols. In the can sample analysis, bisphenol
A was successfully detected with concentration levels of 71-147 ppt using
LC/MSD and GC/MSD.

In the analysis for phthalates, DEHP (Di-ethylhexylphthalates) were
detected from plastic pipette tip and septum at 03 ppb and 0.03 ppb
respectively. Also in the solvent analysis, hexane was the least contaminated
one among various solvent and their level showed big differences depend on
their grades. So in the analysis of phthalates, the identification and effective
control of possible contamination sources come from various laboratory
equipments, accessories and solvent are essential.

With good contamination control and method optimization, GC/MSD method
can detect 1 ppt for DBP (Di—n-butylphthalate), DEP (Di-ethylphthalate) and
DEHP and 10 ppt for DEHA (Diethylhexyladipate) was established. Under
same analytical condition, 0.15 ppb DEHA from gum sample and 52.03 ppb
DEHP from tap water were detected and it shows that GC/MSD method for
phthalates can be applied for real samples.

In conclusion, newly improved LC/MSD method for bisphenol A has many
advantages in simple sample treatment and simultaneous analysis with
alkylphenols and so it was effective to the real samples. In the GC/MSD
method for phthalates, detection limit was lowered with successful
contamination control. With this study, the detection limit can be lowered 100
times for bisphenol A and 50-100 times for phthaltes comparing to SPEED 98
and NIER method.

With this study, it is suggested that other EDCs analytical methods can be

and should be improved in terms of detection limit and must be standized for
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reliable EDCs analysis.

Key words: Bisphenol A, Phthalates, Endocrine-disrupting chemicals
Gas Chromatography-Mass Selective Detector (GC-MSD),
Liquid Chromatography—-Mass Selective Detector (LC-MSD)
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