IPCS
UNEP/ILO//WHO
[EI AL = B R AT S

Concise International Chemical Assessment Document

No.70 Heptachlor(2006)
VA A=Y %

I

TR GERERS  [EEC P E 2 Vet il

g8l

H
<

= B i B i i A A

2008

CEC§il

oy
ug

AT

S



i}
ll

WHE DR ER L OWELRY - (LA E

Y

4.1 HBEHATORER
4.2 NAPFAIR & A&

5. ERESHOBE) A A ER

5.1 REEHFOBE)R LU
5.2 FEEMINZ

5.3 ‘EMAR L R

5.4 EWERE

6. BIETOEELE NOREBERE -

6.1 BREETOIRE
6.1.1 K%

6.1.2 /K [&

6.1.2.1 i /K
6.1.2.2  fEK
6.1.2.3 HiFAK L7117k
6.1.2.4 KK
6.1.25 T K

6.1.3 THELERE
6.1.4 fgH L AKAEEY
6.1.5 ¥ LT DI
6.1.6 [ljZERE & EhE
6.1.7 MFLEHE

6.1.8 &

6.2 b hORHERE

D

G
E RB R OBEEDRFEIE —rorereeee

6.2.1 b FNOKE « kT O~T X T o e AT H T TRF Y NEE

6.2.1.1 WE3ERE
6.2.1.2 —RERDOZE
622 b FNOWTEEERE

7. FEBEMB IOt b TORNENE RO - 25
8. EBRHFIIB L in vitro ilBRSR ~DFEEE  ---ememmmmmessmmmm oo 27



8.3.2 %ﬂ%#h% & DLE

8.3.3 IR

8.4 HEEEMEBIUEETY RAA Vb
8.5 /EFHEM

8.5.1 ZEJHRE~DREE

8.5.2 FA M

8.6 iRt EEME

8.7 HER~DEE

8.8 HIEFBIFEFT

T 2] 7 -

9.1 MkEREE

9.1.1 EAWIIFIE

9.1.2 NAIEL LK
9.2 —RER

9.2.1 M A

9.2.2 /EFEFEME

9.2.3 FRIRFR DR
9.2.4 Mags,/ sz MEARH]

10, EREBLCHAROEY QBB wroreeemerermerecoas

10.1 KABREE
10.2  [RAEREE

11. ¥ éEBq:{ﬂﬁ ----------------------------------------------------------------

11.1 R~ AT
11.1.1  fERAELEORE & HERISORHE

11.1.2 ~FEZ 7 ),/ ~FHZ 7 a)REy ROMSERE - &

11.1.3 U A7 OREHIER]

11.1.4  f@#REE Y 2 7 3l 36 1F 2 AN FEE
11.2  BRBE~O T

11.2.1  JKAERER

11.2.2  [REAEBRE

11.2.3  BREGRCEFHMIC IS 1T 2 AN

12, TOMC BT & % ZAUE TORFI  --erooemmeemeseenoseeenaeeeees



APPENDIX 1 — ACRONYMS AND ABBREVIATIONS -----------=--msmmmmsmoeoeee 93
APPENDIX 2 — SOURCE DOCUMENTS  -------====msmmsmmmmmmmsmmomo oo 96
APPENDIX 3 — CICAD PEER REVIEW  ---------msmmmmmsmomomon oo oo 97
APPENDIX 4 — CICAD FINAL REVIEW BOARD ------------=--m-smmmmsmmsmosoeee 99
APPENDIX 5 — SOME RECENT STUDIES ON ENVIRONMENTAL LEVELS OF
HEPTACHLOR AND HEPTACHLOR EPOXIDE = ----------- 101
APPENDIX 6 — GENETIC AND RELATED EFFECTS OF HEPTACHLOR AND
HEPTACHLOR  --------mmmmmmmmmommsmosos oo oo 116

APPENDIX 7 — OUTLINE OF THE SPECIES SENSITIVITY DISTRIBUTION
METHOD (DUTCH STATISTICAL EXTRAPOLATION METHOD)
USED TO DERIVE GUIDANCE VALUES FOR HEPTACHLOR FOR
THE PROTECTION OF AQUATIC SPECIES ----------=----- 118

EEALFEE LMD — B ~7 2 7m0 (ICSCOT43)  --mmmmmmsmmmmsmssnsseeeaes 126



= B e B PR 5 3L Z(Concise International Chemical Assessment Document)
No.70 Heptachlor

(~NFEIaN)

F
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1. E &

AT E T a BT HARCICADYE, RAY DN ==l bT7 T IR —T 7 %
M - FEBR E A SE AT (Fraunhofer Institute of Toxicology and Experimental Medicine) 23 E
R LTz, ZHUIA~T 2 7 m VB D8RR E Y T A 7 U 7 CEAPCS, 1984) D E T H
. TARC(2001)3 & IMPR(1992)HEEHENH DT —Z U L TS, T b DOMEE
VERLIZ IZAR ST BB ST A R 3 5 728, Bl T — & X — X220 C OMFER) 72 STHR
RSB 23200047 5 200444 H £ TithoiTz, K& EH(source document)(ZBH3 % 1 &
Appendix 2|20 7, ARCICADD B Y L B = —IZB3 5 1E# 2 Appendix 312507, AACICAD
IZ. 20044F9H 28 H ~10 A 1 HIZ R LD N/ o THME S L7z ek fat 2 B 2 (Final
Review Board) CEEEFEAM & L THRET. KR Iz, REBRTIEESOSHESINE %
Appendix 4\Z50%, EBALFWE L EMFENER Liz~7 % 7 o VBT 5 EB LY
44— RICSC 0743) (IPCS, 2003) b ACICADIZ 5%,

~FH 7 a ) (CAS FF 76-44-)IEFELY v 7 n L % vz (dicyclopentadiene) %
BEATHY | BEPTOREMEITE <, BYESFHICEET 5, 1980 FRUEZL < OlE %
TEOEHNEELESH 2 W TEE L SHIR SN TE 722, — 5O T TIREERME & L TK
e LT ENTWD, ZHIFEEENRRTIEIH L DD, ZORENRIEETHD
WIFBIE L EEFEH SN T2 (B2 WIEEICE > UMEARTF TSN TND) I EE2R L
TWb, ~"TFZ 7 u)d, BEFTEBEOSWEHOARERRRED 1 >ThHs, =
9 LTALEHOERRNMGS L OBRE P CORTHREIL, ~T X7 n o727 mbriR
& K(heptachlor epoxide) D E\W\~T % 7 a LREW) O HIM B 5 W XA FHEE
(A THEAE S

L AR#EETHW LI TV DR L OS5 O—RERIT DWW T, Appendix 1 ZfD =
&



RETIZHRE SNTe~T 2 7 o id, MEFEROSERY O Ru Xk I VW L H%
Bl AN T B2 AT Lo TEH S L, KO Nz & ZReHHEP)TIX 1-e R
7% 7 v /L7 »(1-hydroxychlordene)o~7"4% 7 a )L =R F o K & W o oAb AT A Hi
END, DI, KENLIFARICL - ThIRERES N, HENSHTKIZENT S
ATREVERN DTN T o D DX RS RBD @B N2 ThH D, HARIETH LM, ME, E
. i, B SIS & > TEMZERICER S, BHICKERNTZ 7Lzl F s R
2725, ZONREMEDOEFRILKFEOEMRNERRICEAT 57 — 21X, ~F ¥ rnrex
DEERTRF Y RPWEYERETHZ L AR LTHEY, 202 LTRERBHIKRE L
THRHEINAZA~TZ 7 an / ~TEZ7aLzRiExy RENL LA LNTH D,

AT H 7 a O EEERBEREITBE D X, B ICBIR LIZRARKERE, v aT Y
BRER D T= O ~T 52 7 a VL LT R ETCONT X 7 a L&k UA~O BRI 7T,
H D VITEIEDSCRYESHE N LB ET ¥ 7 a )L THER SRR D O
MRBRIC LD EEZ6ND, LL, ~"T X7 a/VITH#EH7arZ oo 1lkmThs
DEFRRFIZZ e v Z DB TH DI, AT Z T aNRo~T Z 7 a )T RKE T Raky
ETH L, —REBBAT X7 0o DWIEANTH 7 a)LRE Y IS 500
2T LS IARRICR T LIRS 220,

RITOFAEMRICL D ~TH 7 aLe~T 4 7 xRy RiE, BERO KRR, K,
T+, EEE WS TR_RTOa L R— M A2 MINA T, W), AIEKRAELEY.,
WARE CE s, SR EZOIN, KA - BARMIE TS oo Tnad, & L IZIRIikERK
HIZZ L omh , 22 CEMT 2, gz b ~B84 5, v homigd., LA
S VS Rahy BY =117 ik A5 LA S ON N S = WE R Rl iR R g e

AT E 7ML, BHHWDHEREREE T L TRIE I, BHICRE IS, FE ]
REX, ~T X 7L A P R, e RadvZ7aLry 1-8 Rr¥-2,3-=ARF
7 v /L7 »(1-hydroxy-2,3-epoxychlordene) 72 & ChH H, ~7' X 7 b L HitA o F =
R— KL/ v Y —2 T, ~"TFHr7uLzidy R snzok, 7y Tk
85.5% ThH-7=7%, B FTIL204%IZ@E7eo7, & MNFI 70 Y — AR THER I N
ZToMmoRE®MIZ, -8 Fa ¥ 23 KF 7 /5 v (1-hydroxy-2,3-
epoxychlordene)(5%), 1-t KX 7 /L7 4.8%HB L 1,2-VE kukx vk krn
2 /L7 > (1,2-dihydroxydihydrochlordene)(0.1%) C&h - 7=, ~7' ¥ 7 )L iR % ¥ R,
Do <Y ERB SN DRI IEFITEH VKB TH 5. B b ITIENHERICE 2 B D08,
T, B, FNICbEZXLOND, MEIHEICHEANTEZSDOAT X7 n Lo ey ReEx
X9 THD, T hOATH T u G RIER BN O OFERRHERICIE 12 #EFH



LTIz,

b RNEEBRIY T, ~NTH T ao~NTH I a TRy RO REREERT D Enb
Mol

AN BT aMIHKTDHT v PBI T A0 MR O LDso X, £ Z 1 40~162 mg/kg
& 68~90 mg/kg (KETH D, MBI H~T ¥ 7 vLORatkEEE i, EEEE, I
B A rﬁﬁk@ﬁ%g%&%#ﬁ%ﬂéo%ﬁﬁ@ixm7&7HWiDA7&7
BT ARF T RO S 350 < OB T2 22550,

IREE, MO, B TESCE s TATH I uL /AT 2 7alLoRyy Nae 52 -8
YT, WEEOY v — T HAEKGHBRAAOND, RESEHEEICEAL T, 58 e
SREYOFNINE U D LWHER A DN NI EREhodz, LovL, BERSELE
£ FFIRIE R 23 s S CH 0 | IR EARR 2 AT S N EE AR S 2OV R4 A e K
5T Lz,

NTHEIaNERTERN LT v FOZFERBR T, AR LE 2 LoLodil, Mo
JFHIDOELIL, B L OREITEIOERIEZ 5 & L7z LOAEL IZ 5 mg/kg TH o 7=,

FAEFMERBR T, T 5 E CTRUREME O B AR (A BN & o H AR FHEZ I
%@@%ﬂ@ﬂotmﬁﬁﬁ@NQQEZBm%@%im]1ﬁ@ﬁ%?ﬂ@ﬁ@@
DD SN0, AFOHEBRIEE NG > & BHLRATR TH - -UFo AR - %4
F3RIZk9 % NOAEL = 6 mg/kg (AH/H], EAEETBE SN0 5T,

MRCRIE & FDIEN, 7P U REKIZL > TR %ﬁﬁézkéﬁﬁﬁ%ﬁﬁ
ZTCWD, T Z 7 aVORERGPMET v MIRIETE L ATEVAM L, R, B
AR VER 72 £ CH % [NOAEL = 2 mg/kg K/ H ], 7yh%«f&7n»@%\a&
3 mg/kg (RE/ A HAERTRE Lk gt ik, BB ER., GABA {EEIMERRE
DEAb, 72 B ONERIBERE 21X U oD & T DR ATEIA LA, G ' TR I,

\\\ \\\
WMW

T v FEHAVDGEFOMAEIC LIE, ~T X 7 oL ~OHERTRERIC, By Ui
BRSO —INEIZBIT 5 IgM B8 L O RIGEIZI 1T 5 IgG 23, 228580, 0.03, 3 mg/kg
RE/H)CTHIfl S b 2 &3 FEf S iz,

BiEO~7 ATy Mo, ~FEra), TEHR~TEZ 7, ~THEJa)LoiREy
R, R RNCA~ATEZ 7 u)b~FE 7 a)LREy OB ERO¥RE L, 3N AR



B3 Tz, ~TE7unl, ~ATETalmREy R, TER~TZ 7 i, B A
PEA M~ T A TR LUIEMN, 7y N CTIIRERholc, A =v2—var-TFaEt—Ta
AR TIE, M= b Y P2 TFAT I == a vk, AT E T E T e E
— X {5 R LT,

~NT X7 a v, in vitro B L in vivo BB MERER THREV I B N S B R T,
B 7 ali invitro CxXyx v V¥ 7 Y a UHIARBIEREZHE L2 & FEEEE
PEIPNAA T = AL ERBRSIND,

AFARERIE T — 2L, BFEAOFGERLEL AT X 7 a/)VEEOW L D7 BEME A R
LTWRY, 207, MEEREITFERT — 2 2 RITREI N, ~TZ 7 aMlid
~ 7 ADOIIEGIIIEREFMEA = AL E > THERB SN RN & < . FENES 2
DIEERAEFE D 1/20 TEIEE STzl G M 2B OTFI OALRRN B B8R ik

FIERRR A, SR PR E)NHABREOREICH O DI, A X CTEE S AT~
DB xt9 5 NOAEL 1X 25 pglkg (KE/H, 7 v b CHIZ SNk Ertl L O
PEIZxHd 5 NOAEL (% 30 ug/kg (K&EH/H TH 72, 4 XD NOAEL |2 A 52455 10(FE R
BLOHENZEIZX L TENREFIB LY 27 —F X—2DOARHIZ L OEHAWD &, FEE
TAER BT DM A B R 0.1 ug/kg KB/ B BAEESND,

BEENLIEATZ I LBLUONT X7 0L R 3y RO 1 BEREIZ, K—F R

TIE 1 A4720 0.51~0.58 pgCrE¥RE A 64 kg EMET D &, BB L% 0.01 pgke (AHE
IR EHEE SN D, Z OB, THAERE 0.1 pg/kg (KE/HD 103D 1 TH D, Lo L,
IGYSAT) 203 & 5 AL 2 B (— I O U TR A S 7 AIRNIREE X 0.1~1 mg/kg), {54
JH2 & ULHE X 2 B (i 16 mglkg). & 2 W TTE YA FL(—ER 0 Hilk T1E pg/kg~
m%@®ﬁﬂﬁ8ﬁ%ﬁAﬁ&7n»f%%éhfw BA ~THXr7aLd 1 HERE
XXM EL 20 YO RMBHERMAERE LoV 27 2 aReER S 5, [
IHER I, & LR CHESNIATH 7 u bR Y ROREREZFICE D
R 1 AEIEL 150 glkg R, FHRFENEAEL 3.1% EBETLH L, FH 1 H
BHEIL 1.5 pgkg (KEH/H L7205, ZORMEILMAEEE 0.1 pg/kg RE/H O 10 524 1
ThhH, MERENERCTCOHNLIZBEINIMETH D,

SE I EIREBRBE A NELT D2 DAL W e 2R T Tl . ~
T2 VIR LMK AR IS AR T 2 L s oo, Lar L, i S e mE L
NWIRRELITHDONTWNDEDIE, BELLIFIATZ 7 v /L OZAFIZ L > TRWVHEICRRY
BOEMBRENL BRENPBIRT LIZizdEEZ BN,



YOKBREEIZ 5T LT, $88HMIEEED - 23 OFPEESRITN -, RS Ik

& 50% DAISHAE T 99% DOFf & {13 L95A7&7nw®%ﬂfiun@Lk%Eémto
%2 DT TIEIANTZ 7 v L OPYKFIREITEEHE AL LRIV | HIFRAK THRE S fmmil
TEPEE 62000 ng/L I3EEHE A 1000 524 Lt EREl> T %,

WEPEBRBEIC 6 LT, FREMERE D72 18 ORI ES RITN -, RS2 MDA 23S
. 50% DIEFEE TI% DFEZRHE L 5 H~T X 7 a )L OFREHEIZE ng/L L RiE S,
HEKFTONTZ 7 )D& Db TEEEOREVMEIZRBE L2 0.15 ng/l. T, $E#HME%
25 Z LT WFERREICHT LU A7 TR EE X HND,

Bobip T —2hn, ~TE T a VT EAFHEESY IR L THRRED B A RT EE X
END, WTHORERSL, TEM Y A7 HEDOIRILE 25 EHEEEZ RS EBEbns, ~7
Zranrpnra T VRS L THWOND Z EICBETRETH D,

7 v hEROERRT, ~7' 4 7 8013 0.03 me/kg KT/ H THIgRIES L 0%t it
AT ZEBFEH S TWD, ﬁﬁﬁ@®%ﬁ%hn@%%f%éhw:@G&w?wﬂ
%, Goksu JINC & o CREEHUE O 1380 5 70 & ~ L TN 5 FHEIE R BERIC & - TY5
%éﬂf“éo;®%ﬁ#E\Aj&yHW/A7§7Hwi$%VF#%%&%®%¢
(% melkg FRECRINE N TV D, £ 9 LIZIREEDA~T X 7 v L d BHREN RIE 38T
HEETIIT —Z BARE L TWAT-OHERI O Z H7e vy, 2o X 5 7R ClkeAd ks
WX AEIER Y 27 35D E\NR D,

2. MEORKER L UMW - {LFROME

~7H a4 1,4,5,6,1,8,8~7 X7 un-3a,4,7,7a-7 b7 & Ka-1H4,T- A% )
A 7 [1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-1/4-4,7-methanoindene], CAS
et 76-44-8, C10HsCl)id, A b v 7 A/ LK L - T 2001 Bl s hiznb %
PR VEARIE R E (POP) D FELy 7 m X % v (dicyclopentadiene) T & %
(http:// www.chem.unep.ch/pops/), HliihiX=IE THMGH 5\ L TEEE O ORESLIERE AR T,
R DI E = T P AR IR B RGN B Y BAIEIS LT 95~96CThH D, Linl
TR A SR T, USRS AR SN BB L% 46~T4CTH 5,

TR, ~TH 70V BBLE 712%. 25T trans 7 v )V %  (trans
chlordane)(20~22%)=° trans-/ 77 v /)L (transnonachlor)(4~8%)7: FRELEMWE 2 B
X% 28%EH 3 %5(NCI, 1977),



Table 1: Physicochemical properties of heptachlor and its

epoxide.
Property Value Reference
Heptachlor
Relative 37332
molecular mass
Vapour pressure  3.99 x 107 at 25 °C Verschueren
(kPa) (19496)
Log n- G.13 (measured) MITI (1992)
octanolfwater .
partition coefi- 6.1 (measured) {S;Bngp:js}cm et al.
cient (log Kgy)
Water solubility 0.000 10 at 15 *C Biggar & Rigas
(@) 0.000 18 at 25 °C (1974)
Henry's law 2975 Thomas (1950)
constant
{Pa-m*/mol)
Henry's law 12=102%at25°C Altschuh et al.
constant (19949)
(dimensionless)
Conversion 1 mgfm3 = (0.0644 ppm
factors at 20 *C 1 ppm = 155 mgfrn3
Heptachlor epoxide
Relative 38932
molecular mass
Vapour pressure 346 = 107 at20°C Yerschueren
(kPa) (1996)
Log n- 5.1 (calculated) Meador et al.
octanolfwater (19497)
partition coeffi-
cient (log Kgy)
Water solubility 0.000 11 at 15 °*C Biggar & Rigas
(afl) 0.000 20 at 25 °C (1974)
Henry's law 86=10"at25°C Altschuh et al.
constant (19949)

(dimensionless)

T BT aN e DRETHOMSRIED B ERY ChHH~T X 7 aLzRF v K
(heptachlor epoxide)(2,3-T=7HR¥*3-1,4,5,6,7,8,8~7 % 7 1 wr-233a,4,7,7a-~F %t K
7 -47-xT v KA % ) A 2T vI[23epoxy1,4,5,6,7,88heptachloro-2,3,3a,4,7,7a-
hexahydro-4,7-endomethanoindane], CAS %75 1024-57-3, C10Hs5Cl70) DEREEIZ B L
T AEE I E 2 Table 1 ICF &7, ZTOMOMBE L FIMEE X, ER LT mER S
PEA — R(ACSC 07432535, 4y fHfiE % Figure 1 1Z7" 7,

10
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Fig. 1: Structure of heptachlor and heptachlor epoxide.

8. Atk

ANFE TN FOTRFY Reffli~ ) A7 P THRIE - ERT A9 FEE. T
WZHRERT, EEED AT SRS TARCIZEEM 2R B R D ELR 28 & 5 (2001),

TR 7 FEEM R O~T X 7 a VB L O OTRE Y ROREEIT, @
W7 U—2 7y RO A2 i, S ESERRMEERW T A e~ NI T T 4
—(GOIZL>THIET S, 7=&2I1E, Lu BLY Wang(2002) 1330 S5 Liz=U~ A
kx> v 7 AL —(Soxhlet) i, 7 7 AKER L B HEMNMRLGRMAE TR I~ v 7T
7 4 —(GC/ECD)% H\ 7=, Diop H(1999)i%, FEBEHhH#& ITHRUEHIIZ N 7 LR &
TR R & B REET A 7 v~ 77 7 ¢ —(HRGC/ECD) % F\>, HfSHLEE L7
EEIXY v 7 AL —iH#%IC GCECD B X O h 7 BRI 5 L
(Gonzélez-Farias et al., 2002), KX HFTDO~T X 7 o)L OoyMrid, AREESR R BA % [EH
K~ NI 7 AT SET%, BOREEN A7 v~ N7 T 7' & &5 (HRGC/MS) Fif T /i
WINEN - TR 21T © (e.g. Buser & Miiller, 1993),

4. b FBEIVBREORZRIE

11



4.1 BRARRTORAR

NTER T a O BRFEEFRITD) S TR, L, ORI NFTEMICARE
ENAHDTIFARL . AT HE 7 )LNEBER TEMNH A WVITIEEMIICEBR I N TEL S
DThHD,

4.2 ABHFEER L R

2001 DA v 7 HRIVAFEHINL, ~TH 7 v iDL EREEA G E (POP)
LD, FOMHHERIRS 5\ EEEIE L7z (http//www.chem.unep.ch/pops/).

AT BT TRIETHY . O TEMNIMENICBERO S H2IbEWMEEHE LTS
(§2 M), ~TZrmMiE, BERELUTUEDNLD TEMZ oL XD 1 i5rE LTHHE
49 % (IARC, 2001), 7 BL¥ 0k 4 DOERG—~T X7 a(22%), 1,2-v7mm s
2 )L % 2 (1,2-dichlorochlordane)(13.2%). trans-7 vV % . (trans- chlordane)(27.5%).
cis-7 1 )L % (cischlordane)(11.9%) & . 7 DDA &4 56 72 % (Tsushimoto et al.,
1983), Schmitt ©(19991%, 7 B F L HO~T X 7 aVEFRE =10% & @5 LT
Al

AT HETaLOFEEHRIT, BEREETICLOIEFBEYSOREMICHEET L Ve T
U7V - THEEBOBEER, 720 ONCH BERBREF CHEEBRAFIC L 5 RN EREEMIC T
T23m7 ) ORERTH D, 1970 FRIIH, KEIZHBIT H2~TF 7 v L OREMTHE I
LEREI# 550 b Td o 7= (Fendick et al., 1990), LU, Z D& HRHF O KISy O HEIL,
1980 MM L < DE~ T, HDH W TD 7R EbEELHIR Sz, 1987 LI
KETHE—FFRI SN TWDEIANTZ 7 o VG OPEERMIZ, BAEERR O NTHE T ICER
BENTEr— AT LELEFOr —TNRy 7 2O T VBRI L TTH D
(ATSDR, 1993), LirL., ZOHGREOTZ 7 n LB L0 v Z 03, wmt e
PEX T2, 1997 45, Velsicol #LidkE CoOAEE HIE Lz, KEBBEOT —XI12L5
E D7 12028 hDTEMIT aNF (T X T a Lk 446 b ETR)E L2584
N DA~TH 7 a7, 1991~1994 I KE N B S vz (72 b BARK 760 )
N, THHOBTFITEROET L Kz 72 E3E 2 51TV 5 (PANNA, 1997), #[E
TIE, 1961 FENDA~THZ 7 o UEKE T O 1980 4E £ T, #9560 k> MHiA S AU
fif H & 72 (Kim & Smith, 2001), Bouwman(2003)i2 L% &, M7 7 U A EfEITWE A
ELTATHZ 7 a V&4 180~270 kA L TWAHN, B b < Il A Bk 4 B
BHIET 2oL 0 THAHIEEZLND, LnL, ~"T X7 urzEHT 57 vy off

12



Aix, 8&WaE a7 UnbFA7-0I0RkE LTSN TW5D, o oFEICEIT
HE T, bR o EBEORA My VNS EIEARFHTEREINTRBY, 204
Sy IR 7 BE & 72 o> TV A (FAO, 1999),

EHEBREL A E(UNEP) 23 50 U 72 B R A G e B DR AETRRAEIC L D &L 61 » [E D
FIZNZES SR O~T HZ 7 vl N&IL, 1993 412 389 ki, 1994 412 435 KT,
Mk L O T =7 BRI E E TH 5 (UNEP, 1996), HIR S 4v7= b O O AW T
Wb EBDLND ZNbDOEL TIX, ZOMEITFHE O, #EYO T ar UEEKER, KR4
FUCIR BTV D, FEFLBRCHEAT T AT D JEERI I~ % 7 v )V & FEBA L 7o 84y -
ARG E COM ML, ATRMS 2 EIcEm L, & <IEFHNELS. BRI DI
TAEE S N D EM O HRE & T 5 (FAO/UNEP, 1996; IARC, 2001)

IR 22 HUB D W2 1E, BEIRIMOEM PMER SN TWA RN H D, L7z > T,
Y OFEIECRRIL, JRHIR R BREEE Y A 5] Z i Z L daZzu (Offenberg et al., 2004),

NTH T aVFERAEERI O E L THOHWSENTE 2, 2237400 T FD
2 BUNII AT Z 7 a A 1T~25%. 7 2 V& % 6~9% A L T %5 Mussalo-Rauhamaa
et al., 1991),

BEOEEDE=2 1 THRET, RbI~7 %7 a/VPMEH Sz & 2RI RERS B
ST 725 72(8 6 3 LY Appendix 5 ),

5. BRIEPOBE A -LH-EH

5.1 REFOBEIR OO/

NT BT abAnTH 7 vV mRFE Y Rk, REEEEE L, B - R Ic Lo TR
KPbEREENCTV, WFFD ) —2A 72X 7 U kY —X(Northwest Territories) T
1985~1986 FIZEREL S 7= FIE 21 BRI 20 3K T, ~TF ¥ 7 m LR o R
F£ 0.18 ng/L TR Sivic, B T FALBE OREH TO~T X 7 o)L OFAPITHER S
T2 (Gregor & Gummer, 1989),

AT H T a ) OEBREFROBEIR X ORI, Appendix 5 DFEKFLET — X I I TE

0| R EIRDFE LW RO E 2 &~ ~ U 7 2O (e iiE o FLE
DOHfkF 72 £, Table A5-9ITHH EIL TV 5,

13



NTHE IO EERBREEA L R— N A NI REEERE(ERENK 43% &
55%). 725 ONTREE IR WA KFE 2%, 7T 4 =T VLUV ITIC XL 535, EPI
suite 3.10 # 1\ 2) TH 5, EERWITHIE L72/K~DOFMEEIT 25°CT 180 pg/L Th 5 7=
B, KED D OMMERE (ESCHICEINC L DRENTRINDLDEF~TH 7 aLrd <
DI M| E 72, Thomas(1990)i2 & 5 & FEll~2 VU —E%k 29.75 Pa m3/mol [~7
B a VORI S OFEREBPRECHD Z L ERLTWND,

— I, BEEHKDRE L STOM B i BB X 5 &% E & 5 (Gonzalez-
Farias et al., 2002),

BRSO H & T, BB LE 16000 £ 9 Ko (Johnson, 1991)73 HHEH DKW E)ME
AT RO, AT F T u VT HEN LW S AUV, 2D &R ARV KENE &
Fo T, HIFKRSDEHOAEEMEEZHIRET 2 EEXbND, LIeR->T, ~F ¥ 7 a/udk
IR D IR L 72 ST D Johnson, 1991), L2>L, FEAMICIE, EUVWFREEREIC
LD LT AT Z T a e EORERREY~TZ 7 n LRy Ik BE L,
HWTFKICEERR ) A7 280 T BN,

5.2 FEAEMHEHR

AT H O FBFREMEIIPRE T, FERTELIZEDOTARE Y RIZEABR IS,
ELVVOES R, Bk, KibEZiF5 L E 2 51 5(ATSDR, 1993),

BARIC L o CHERETICKE Shio~T7 2 7 o VIR s ocbd 2508, HHEICH
VIAENT-~TH 7 a L DOEACITHEE TH 5 (Fendick et al., 1990), 7k L OBt 15
TlE, ~7 %7 AnKERKIELT 1-8 R F ¥ 72 v/ 7 v (1-hydroxychlordene)
(Bowman et al., 1965) &V EDO~THZ 7 LR E T KMiles et al., 1969)234 U %,
Chapman & Cole (1982)i%, WiV v EEfEER-— % / — /(99 : DICIEfR LT-~T"H2 7"
O A 0.77 (pH 4.5), 0.62 (pH 5), 0.62 (pH 6), 0.64 (pH 7). 0.43 (pH Q)] &
iy L7273, Johnson (199113 iz 180 H Ly L T\ %,

b Re ¥y T VIR E 1.5 106 mol/ems & 1 H 12 KA MET DL, KRHTOE
Ru XTI L5 MR b TR E RO I (USEPA 7 = 777 2 AOPWIN v.
L9 il ADIZ, ~7 2 7 mrpsf 2.1 B, K& CRIER T A ¥ R3K) 24 W] & FHR
ENb, IBIT, AT H T VIHOIFEFTIIEZEL TS X H ThH D (Fendick et al.,
1990)7%, Mansour & Parlar(1978) X5 IZ > TAT X 7 a L b 2O AR F v KRN
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FNACSOS AR 72 D Z & AW LT D, SRR 0 N BR LA IR o
TATEZ 7 upbiEEiInsg r—y RERMEARBuser & Miiller, 1993)iX, ~7' % 7/ 1
NRANTH 7 a2 RE Y N SOICHEPRSEZEDR RN RO TS
(Zhu et al., 1995), Podowski ©(1979) D2 L D &, ~T ¥ 7 /L FFHW (R R) SE5MR
ARSI ND Z LI Ko TRBMERICER I LD, T DOHGFRITKIE LRI DAFAE
TTIE, MR L TORZDARBER D D, ~TZ 7 a3 5L 7y M 5
FIEDH 20 55 < 72 D,

5.8 AEWEH L L

OECD 4 K71 301C (2 U CHEMi LIz iFKMEA DB ©, ~7' % 7 v uixiksy
FENE T o o T (PRER NIRRT B BT xh T DR EE BN O FEM L2 EIL 0%, 1 F =
~N— 3 28 HE) (MITL 1992), #EDOHZE T, Leigh(19691X3EAMHIBRE & /LW
frEBODs & L O)DOMICHEENRNWI LEHLMNI Lz, LOLRRS BE LWAFR
PERR(T 7 OB EBIISIZER O T, AT ¥ 7 n/LxmR ¥ v Nig EEBARY~D
il Dl 72 A i 28 s . MR 70 RS E W (Miles et al., 1969; Bourquin et al.,
1972; Beeman & Matsumura, 1981), T3 F ¥ (Miles et al., 1969; Iyengar & Rao, 1973),
H )8 45 i (Phanerochaete chrysosporium) ® X 9 72 5% 1 (Kennedy et al., 1990; Arisoy,
1998). HIEMAY DIRAEZE % (Miles et al., 1971; Bourquin et al., 1972). fi#(EF v X
v & a L, Weisgerber et al., 1972), 44 2 ¥ 2(Daphnia magna)(Feroz et al., 1990)
X% X g (Carassius auratus)(Feroz & Khan, 1979) & Wo =@ CilL = 5 Z & AL
N, BERPISE T T, "7 ¥ 7 el b iRl R bt B iz rLZ77TTh
- 7-(Hill & McCarty, 1967), Johnson (1991)i%, ~7 % 7 v /L DAY BT
MIIZIE 2000 H, BFKAIICIZ 39 B LR _Tn 5, BLREN Z 21, KB Ic~7 % 7
VIR F Y RBFET DO, BEBAEWEEIC L > TAT 2 7 arhb Al Enic
DEERRFN EEN D SN DTHY . ~T ¥ 7 v LORKAF TONHEEIZ X
% D TiE7e (Bidleman et al., 1998a,b).

5.4 AWEME

FEBR TR O T2 EMIEAEARE(OECD %A K7 A 305C IZkfii L CHIE) LS 2000~ 17000
OFEFAIZ B HMITL, 1992) Z &%, EMEBEERE N L 2BIREBLTWD, FAUZh
Do BT, KERER TOEMREEN DT TH DD, KB TE~TZ 7 vttt
FedoZ7als AZREICER L, BEEBIOR - RPEICWETHZ LItk b, L
L. ~"THZ7aloiREy Rid, KETIEEVLETHDL-OEEICEDERLLu &
Wang, 2002), KHFEE 1.5 ug/L O~7Z 7 o)L oRF T R 20 HERE L=V~ A
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O FERPREE LK 5000 pg/kg (REES—R)ThH o7z,

log Kow 3T X7 1)L T 6.1, ~NTFH 7T REL RTHEL ThDI &L, WL
PeEds L OVEMBEREIE RN EN D L 2RI LT\ D, ~TF X 7 oL in sEsi s A 0 i
THRDFF A TATZ 7 a )V RF L NIZRDHZ 0, KEANTA ORA T TVEET
7 U BEBR~OmE BT 2 A RS 12 K o THIFES LTV 5 (Baker et al., 1991), A=
T, ZORRED/NA T TP VOENZENTHHFICE 2 D%, REICAE LR
X RV FELPICHEE STz,

6. REFTOEELE NOREE

6.1 WEFTORE

NT R Vi ERIEF SRR, £ ENE, BOKEE. @B ED D &
WEBUIE > TR S AL, EALORFEBE CIImREIET 5, AMEFRRERII, Ax
DEFENLE FOKARICENRE L, IEMHETICIEE LERT 5,

FIEDEBDE=42 Y » TIRIZBNT, ~TZ 7 aBEEfEH SN2 & 275k
WHREOoTND, TLdxiX, 77V IBLOCKEIZBITHLRIFO~NTZ 7 a1
)LD F5H-(Jantunen et al., 2000; Karlsson et al., 2000a), {54l THO~NTZ 7 1L d
f71E(e.g. Ayas et al., 1997), B HIZFRD HIL DWW < OO E R i (Bakore et al., 2002)
BRETHD, IHITERL, AT F 7 ARZEOTARF Y NIEEL L O HEMAEWHEIC K
RE UTHHAE L, FIC R EMIC K - THEWFIICHH S 1(CU, 1999; Miglioranza et al.,
2003), BWHESHN EALIZ7e 51T E S DICEDREN S LD, Osibanjo (2003) 13 A#i78 T —
ZWEIZ LT, A V=) 7OBREOK, T8, [KEZR OB LOEYEg(ErE, W,
HEIA) P TATZ 7 u VOFAEER B BN LT,

AT ITANBIONT X7 oL RE Y ROERBEFREICHET I RIEOTRET — X &,
Appendix 5 @ Table A5-1~Table A5-14 (Z/~7,

6.1.1 KA
Table A5-1 1%, KEB L ORENLELHTO~NTEZ 7 alb~T X7 a)L TRy RO
WZDOWTO, FFEOFHEEROMELZ RT, ARIEEIT R pgm3EETHD, LV

EVMEIX, 220 TRIEE LT SR IeA~AT 2 7 o VR HENBIRR E L TR S Twn
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% BRI TR B LD, T & 2 1E Meijer et al. (2003)1%, & A XMDO+HHEDE E 3 cm
T 550 pg/m3, 150 cm T 25 pg/m3 D~F X 7 o )L iRF v RaEft L=,

a7 UBBRIZA~T & 7 a L pMEH SIAEE T, ENRED ng/m*FRE THIE SN T
W5, 7ok %1X, Anderson & Hites(1989)DEIZ LD L, ~TF# 7 n/VRBEITHIT L
AL TEBEZE 4~110 ng/m3, 1L~V TEB X% 3~66 ng/m3 ThH-7-, Leone 5
(200017 L A FHROWMETIE, KEO FNvEa a s HEOFRETIL, ~7 ¥ 7 o VEEX
A ~T79 ng/m3 TH - 7=,

6.1.2 X H&

AT Z 7 m R O REARIZER LT, B HICERRE(F Y 7 F)RRER NI &
STKEIZAL LEEZAOND, L L, HOREIIKMENLEIL L, KOFE T TEMHRS
nNo(eb 2, e Raxsra s a2 HE05), LER-T, ~7¥ 7 a/LOiREITK
B TR TS5 5205,

Table A5-2 2. "7 X 7 a)LBLONTH 7 o)L REy ROKREFREICET 55K
T O FHARE B O % R T,

6.1.2.1 f/k

AT Z a3y ST OBFREANEEE ST D2, RIKFICERR L
LTHEELTWS EDORENRH D, ~NTHZ 7 a)LmREy RRR—F 0 R E =27 #Ji
P 10 3 FTOFEHREHMR) O MK GRAE « BLPERE T9) I IR E 0.09~0.58 ng/L TRt
SN 7-(Grynkiewicz et al., 2001), B (Polkowska et al., 2002)1%. #RH (R —T >
RO 7 Z =2 7)TERE LZBIRREAKTICA~TFZ 7 0L oREy RS 1.49 ng/L £ T
DRETIHFETHZ EEZHOMNI LIz, 4T & Tk, BRI 7 B3 il GR = FE 250 %A
7 Hitsk & BRAR AR PE AN R A 70 HUB) CERIR L 72K HIC, AT H 7 e b b ZO =R RF T R &
HIZENENERERE 3 ng/L(~T7 X 7 a i)k T ng/lL~T7% 7 a)L=RE T R)THRES
NI, AT Z2 7 nOHEEIRE 3 ng/L)R(EEDEA TRV Ny 7 75 7 2 FH#itg
THH ST % (Hamers et al., 2003), [FIEEOFHAAE LA van Maanen 5 (20012 X -
THH b,

6.1.2.2 BLEAKA

KEA Y 7 A =T MO 21 BB T HEFER T 1 7 F JIBWT, 332 #FTOHF
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MBIFANTZ 7 anLd, 335 hFTOHTNEIEFEANTFZ 7 a)LzR X RORHED - HOFE
DEERE NN, WTFhoWwE bt Sk s> 72(CEPA, 2000), LU, &ME9iHA
(1985 4= 12 H~1986 4£ 2 H)Tlk, ¥ AN 100 # FTOHFD 9 H 1% T, ~F X7 1
IV 0.025 ug/l O EE TR S #17-(Steichen et al., 1988), == — = — 7 i CTl,
1989 H-~1993 2, AAKMEEFR DEAKI L OMBKF T, ~TF 7 v nEzhe
3 0.021~0.35 pg/L 8 L T8 0.02~0.45 pg/L O E TR & 72 (Stubin et al., 1996),

6.1.2.3 HhZAkE M)Ak

NT RN NTE R RE Y FREFREIELSONWTEY, X, 77
U AEERD~ T 7 A WO TP Tras pg/L FLE LRV 23, R d Goksu 7 /L4 JEl
KIETOANTZ 7 m oK% ROFVLRE T 19000 ng/L(Ayas et al., 1997), =27 b +
7 7 7 3FE O El-Haram Giza OERSCHUKEE DKL TCONTH 7o L= RKx v RO
BT 27800 ng/L(El-Kabbany et al., 2000) T& 5, Goksu 7 /L Z I3 A A % D B¥E
BHE - A TH D720, Goksu JINZ L - TTVF ~EEITI - EEMR T3 D OF
R EIRIC X D EREEIB YA A & TV 5 (Gonzalez-Farias et al., 2002),

6.1.24 A7Fk

Jantunen & Bidleman(1998)i1%, ZE/e~7 ¥ 7 v /LR X RSP ALARIE O HEAGURH
TCERE 14.8 pg/L THAET 2 Z &2ty Lz, LasL. dehsifgkd ToZ oJg LR
TEISN TR, N—=U 7L F 2 7 FifEOKREHIIZ, ~T7F 7 mraRKF s R3
223 pg/L £ TOEETEHEEN TV =Yao et al.,, 2002), ¥ a R—LHFR(L o HR—1 /<~
L— )OO KEOREHI L, ~FZ 7 o) 233 ng/l F COREETEHEER TV
(Basheer et al., 2002),

6.12.6 Tk

AHFXY v D7 v u =N TKLHEIEG T, ~7 X7 a/LmRKE s RPRLET
7Kk (82~1100 ng/L., 19 200 ng/L)¥ L ORI LR K (6~120 ng/L., H 4 13 ng/L)
OB TR & 72 (Katsoyiannis & Samara, 2004),

6.1.3 tTELEH

KEICHET 2EEORE T, ~T X7/ ~TE 7Lz Rxy NRENK
ng/kglng/FEE TH 5 Z & &7 LTV 5 (Table A5-3 2HR), Gonzalez-Farias 5(2002)13,

18



BEEROHPEKE C~T 2 7 a Ve @RET ¥ 7 a)lb 49 nglg WEE, ~7 ¥ 7 o)L=
R¥ T K65 ng/g FLEE) ORI U722y, AXITIEREIEA S h T oz, o

LD MTEWIREREO b, 728 21X, Goksu T /WX TNT X7 v LB LA
TR )T RFX Y ROZNENO T IE 1377 ng/g 35 X O 244 ng/g N IR S 7= (Ayas
etal, 1997), HEHTRXIL, ZNOHTRTORET, ~T X7 Lo~T X7 a/LmRE
RO 10 fELL LD @EWRE THO AR RN, 225 OG- E bl b
HZ L ThHD, Zhang ©(2003) DA (Table A5-3 & Table A5-4) T, ~7' % 7 a LNEE
WZER L, EEDEERBEKRNEH L, £O®RINHR D7 1t A & - THIFRKIZKE
T D Enbhrol,

TR TONTE I EANTH T a LR Y RORIITOFENE%E Table Ab-4
(27”9, Kim & Smith (2001) 1%, #E Tobr S 7= £ Ll & U CRa1ERE & B35k
BYOTHERRESY ~T7 X7 a/VidxE T 2.8nglg £ T, ~TH 7 a)LmiRiF Y RidxE
T48 ng/lg ETEME LTz, 7TAEBUF U TiE, BRI CldZe <, EEHAMA LT
WRWHARTEIINZ EEZDNDI~TZ 7 a RGO B HHEOERE +ThHiE S h
TW5, 29 LI~ Z 7 u@ZenTHETTR#sh, ~7F ¥ 7 nLaREs Rk
%o Af&7mw/mi&ﬁmwiﬁ%VF®k¥ii%%ifﬁo#ofﬁb TEIz
F CTREIZRFE L it/ (Miglioranza et al., 2003), Goksu 7 /L& O HHEFRAE TIL, ~
THY mwag'{ TR O i KE 9616 ng/gCEEIE 4777 nglg)h b, i OFEIE 32
ngl/g ¥ Tk A 72(Ayas et al., 1997),

6.1.4 AEFELKELEY

Table A5-5 & A5-6 (2, fJHdk LOMUKAEAEMENENENDA~T Z I uL - ~T 57
RV R Y RRE OFREBE 27T,

BEHIR O LI TRD HNToA~T 7 v VREIT, 1 ng/lg WEERND L < 135 ng/g
BERETH- T, XD ITEVMEI00~1000 ng/g) Ny HNABINNDNR L T T 5 a
D AW A L 72 HNT Mz d Goksu T /0 & 0> s S 7= GEAlIL Table A5-5 2 ),

R, /R, v (REIOWEED EYRNO~T 2 7 an / ~7F 5 7 a xR
o REEX., A TIE 1 ng/g IFELLTF Muir et al., 2003), 7% =27 & Tl 1 ngl/g i§
G % /b L kRl % (Falandysz et al., 2001), & 2 WIEKEHEG B I OB U 7R FETIE 1
ng/g ¥ H & (Castillo et al., 1997) Th o7=, LV @EWEIED, == ¥iB{ 1B (Castillo et
al., 1997), KE~HF a2 —t Y M=a2—y N7 +— Fifi(Hofelt & Shea, 1997), # 7 F
1 (Munshi et al., 2001), 38 LA — A + 7 U 7 (Connell et al., 2002) T4 X4 C
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WA BT T 7 b TRIEREE L, AYE T 0.02~0.55 ng/g IFE B & Td - 7= (Muir et al.,
2003),

6.1.5 SEHLZDHH

1991 42 10 H~1993 42 10 H . KEDOFOKHM & L THFATE O HIHE TH % Tasucu O
Goksu TV X IZBWTC, A A (Fulica atra). ~ 77E(Anas platyrhynchos), =4 %
(Egretta garzetta)7s £ D/KJGT, ABEFREIKNT X 7 oL 25T DFEHEEEFTAN
Efi Xt 7-(Table A5-7 2H8) (Ayas et al., 1997), FHEFEFRIC L D &, Bl & An
1B FEOAERRERIGRENTW e, AT E T bnT 2 7 aLoRE sy RiE—K
(ZHEAAERR (= RN O A~T 7 )L TR % v R 2744 ng/g)d LUK O
(VX OIIF L A~T & 7 a)VIREEIT 980 ng/ICE L T\ e, BRI, ~T 4o
SRR R, dekAr # U A O A A A€ A (Larus marinus) P12 90~140 ng/g 1
& (Weseloh et al.,, 2002), KEELEDOI vy R A BRENLO 70T VT HRT R
(Phoebastria nigripes) DI 7 — V|2 3.4 ng/g I8 HE E((Muir et al., 2002), K[EI v v v
— I EWROA AT A Y ¥ (Ardea herodias)IFHZ 10 = w =—@FEfEL LT 20~100
ng/g . (Custer et al., 1997a), AA L ALHHES La Segarra @ / A U (Buteo buteo)J
H1Z 1~233 ng/g & & T & 4172 (Manosa et al., 2003),

6.1.6 WIAHH L EHRH

Table A5-8 (2, WAKR L ONCHIEEKRNF O~NT X 7 a VB I ONT X 7 a)mRE v
RBEZ £ & i,

a2 &Y T OB REREHX CITON i T, mMABEEKNT T~ 2 7 v L OfFE
WL o7z, AF T aDfs RO 3 7 =)\ (Rana forrer) TiL, i FHIRE 32
ng/g MEENBIEINT-, 7T AV~ A(Rhinoclemmys pulcherrima) D fix s V-Y5) i
X 17 ng/g I E & Td - 7-(Klemens et al., 2003),

6.1.7 MHYLIAE

LR O~T % 7 v VIR % Table A5-9 (2737, 1990~1996 I KE~ ¥ F =
—& o VN THEERE U 72 dE P KEED N1 v v b7 VT (Globicephala melas) Tl i
BT 5 7 m)L 39 nglg lREEHE, ~7'¥ 70T R¥L N 56 nglg FEEECTH -7
(Weisbrod et al., 2000a), FFCIZITENWKIEE 7T 7 T — L %IB - TR OUFHR
MEHHAFZO Fundy B~EBEINL., AZFREHEICRE DS 2 7 V7 (Eubalaena glacialis)
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TlE. EHITEVIEE&FEOREIE 1287 ng/g IEEER) MM SN, AFHEROA
BaEHIE BRI D & DI T, RWIRE R E %2 7~ L 72(Weisbrod et al., 2000b),

BHEH ORI OPFAE T, WBOA >y hA DIEHFCv a7 ~DEiiC~T X 7 an,/ ~7
27 a)TRF L ROEENFER - (Table A5-9 2HR), HTOHIMIHALLEDD, F
PIREIXA Y b A CThE 50 ng/g IREEEF T, v/~ Tk 475 ng/lg IFEEEF T
THol=,

6.1.8 &k

Table A5-10 1%, BT ONTZ 7 aLB L OANTH 7 o)L TR RiEE O
R,

BRI NDI D —NMIBTHIEIER~—F v NTEDTEEMB LOEEF T, ~T
&7 s 9 uglkg(= > &) ) B 42 pglkg( b~ ) DR TR 57> 7= (Diop et al.,
1999), [FEEIC, [FZEH DA HKAMEMDITIT, 2.25 nglkg 7Sk 17 pglkg DR T
ANTHE TN EENTWE, L L, BE7 V7 CTREMEMLE LTHWON S i~
DAN—THIFTIL AT H 7 a LB L OFEOTRF S M3 S s - 7= 0@ HERR 0.03
ng/g; Hwang & Lee, 2000), Nakamura 5(1994)i%, 22 A, F+ XY Fa 7 U/REHAK
DRFEMHRFET, ~TEZI7ardHD0NIEOT RV REfitl Las o (RS 1
ng/g).,

ALY RDTIHAZ M v A T—=NHi T =X DD VIZHREZ oL, ~TH 7
LT R u)V T REY RERRFLCRR, P~ F TR 169 £ T, F+ XY T 16,
427 7C93, ALY UT94, HYT7TU—T15mgkg &, XDNTHEHBETEE
LT 7= (Bakore et al., 2002), 1993~1996 412 v A 7 — /L1 TEREX L7243l L OVK
EHWFIZH, ~THI7aLtZOTERFY RRE mg/ll DETEENTND Z ERD)
- 7-(John et al.,, 2001), X 52, V¥ A F—/LTHOLNAEEL I OXBOMEF T,
FEFITEBE D~ Z 7 a)in’iBe Hivi-(Mathur et al., 2002), #32, 4%.. b Mk
HTOZNHDE OO THEVMEN EME Th H(ARERIKIC L DMEDIGYE BT 5) D,
B D WITHNESCFEFRZEIZ XD OMNFENTIEAR Y,

MROFIFICA~ATH 7 u VR F v RREEN TV E oMb, AR A7
NOEEANATE 2%, RBICAE o Ry RRFLhIcHi i sn-2 812k 5
(Baker et al., 1991), ~7F' % 7 a /LR RO, 0.12 pug/g IE1H(1980 4 10 A~
1981 4F 4 H), 1.20~5.00 pg/g(1981 4F 4 H~1982 4 4 H), <0.30 ng/g(1982 44 A~
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12 H)T& - 7=(Le Marchand et al., 1986).

NS BT aNR~TH 7 u T RX Y RiE, FEIZET DT IRAALORECIrImt S
7e7n o 7o (RS 0.002 pglgs Zhong et al., 2003),

FTATV2VTEBIOA 2V TOHLREFIZ, ~T X7 a LBz 0.090CH % H~
0.87) ng/g ¥ L 9.80(F i Hi~T72) ng/g DIRE TH N T2 & OHEN & 5 (Osibanjo,
2003),

6.2 bt MNDEREE

6.2.1 b FOEKEK - T DO~TH T o)l - ~NTEZ Il RFY NEE

6211 BERE

747y RTIEE, BBEZ 200 \OXR=YEWRIEEEN, ~T X7 aLEHOYA X
FlaHOAIEE, &5 WDITMEBLIDO - O DR= Y SROBAEREEZB LT, ~F
A7 ERBELTNDLERESNTWND, ~"T X 7u)b AT Z7a)LmREy N
DI N ACER DR LD R=Y ERIEEE 74 N &R 52 A i CllE
Shic, ~7 7 v xR REy NREL, FEE TIIMmHERALLT O 0.1~19.2 ng/g LG
(1 ng/g=0.98 ug/) T, FHB I OEERZETZNEN 3.2 8L 3.9ng/lg Th-o7=, X
TR LU T ~1.2 nglg M CTh o 7o, RBEIREHE(~T 7 ma VEROY A ZFl%
TAEEFEEIL, 2 DX B O MG TR S NIo~TH 7 LR E v KO- L
~UL EFEB L T2 (P=0.03) (Mussalo-Rauhamaa et al., 1991),

6.2.12 —BREEDRTE

AT BN EOREEELRLEEBIT 52 LE. o 0oWEN e MERKFRICE
TR E 72D, RIOPEICHK SN, EEIE e hOERB LORKRTOA~T X
7alBLONTH 7 a L RE v REBE % Appendix 5 (R8T, IiER L Ok
LT Table A5-11, b MREFLJEE L Table A5-12, AEAA#HLAR 2 E X Table A5-13,
FLARASHGAA A% 2 1% Table A5-14 (277,

AT EZ T aNEBIOZEOREIM~DILEDO YL - & b EERZRFIL, FHICEITIN
LEIIDMDICEBECTEDRILTHA D B2 NS, 1970 U EHE S 7= K2 E
B2 T, B FORITICEENDIATZ 7 a LB OANT X 7 a)LmRE L RO
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BIWEFE 1L 2~T720 ng/g JEHi TH D Z & N h - 7-(APCS, 1984), %% » E O D REFL T
B SN ~7 &% 7 o Lg% Table A5-12 (TR LTz, ~7 4 7 u i ek et & h
b TRV, KEDOFE TIID 2L b oo chriish Ty, 2o
AHEF R LA BAREREME CTH D Z L ER L TWD, L OWREIC L 5 FHj
FEVE, FLEEMI A~ — AT 100 ng/g £ VX5 2NTRW 3, —EOETITE L < @VEDNHE S
NTW5D, 72E 2IE, GAF U TIEANTZ 7 a LR RE S ROV 600 ng/g ILIEN
Td v (Alawi & Khalil 2002), % A TiI~7'¥ 7 v)LRF v ROEET 360 ng/g LA
JIfi(Stuetz et al., 2001) TH 5.

F—=ANZVT7TOEr7 N TN TIThIV-EHE T, B~ X 7 e mRiE v
RigE L a7 VERERFIE L TONTZ 7 a ) il & ORICFEBENGED 5117-(Sim et al.,
1998),

KENTAMNAT 7 BIZBNT, I F DA BT LAVEIEORKNTHL TV #ERRT 572
OIS T TIVDORITHD TEAT SN AT H 7 oV RHERITR-E L, ZOERLENT
HAFICHEZ BN, ~T X7 aliGSvlz “green chop” 723, 1981~1982 F\ZH T
156 » AMIiZ > TAHT 7 BOHRMFAE 1.2 pglg B & W oo miRE TIHRT 5 =
L 72 o 7= (Baker et al., 1991; Allen et al., 1997), HitOHE P EA R L /=23 o
LPETIE, AT X7 a)LmREF T ROEHHEIL 1%r@g%%f Eﬁ%ﬁi>%om@
%%T&Ok@&MMmJI%D AT Z 7 a T E L, BELPICR b D AR
RIBED 1 DITEE RO TH D,

1960~19670 FFRDT — 2 2 F L O THD &, —RERDIEVHE: ClI~7" % 7 v v
TRF T ROV 10~460 ng/g IEIHCTH D Z £ B> 7=(TARC, 1991; Kutz et
al., 1991), Fofi D7 —% HAKIKE LT Z OFPANICILE 5, LrL, FZ )25 1% 1000
ng/g 5%z LRI A HUE2S 1 s ST 5 (Alawi et al., 1999; Table A5-13 £ [8),

622 t NDOHERBE

ANTHE T aNDOEERBERKIT. BE O ITEAMICER LR ARKE RS, >aT
BRRR D= ~T 2 7 a VAR TR ETONTZ 7 a L E2 50 UA~DR Rz,
H D WITEEYRO BB AN Lo B L7 &7 X 7 a VB L7 B O R BER 7 R B
ZkaEEZIOND,

a7 VERO-DEEOM T AT Z 7 a2l LISV, #BfiaEk L OEFE
DBEFBEME T, BAE CIIEERKICL DT, B, FETEAEH 713, 29.3, 17.1
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ng/ERAL, T PR SRR (2 3 2 R 38k C 33.4(HiPH 2~176) ng/m3 Th D Z E b o1,
JEEFHETIE, a7 VEEBRLEEFR ORGP TONT H 7 v )L 2 EITR K TS5 pg/m3 TH
0. 24 B I2IE 2.86 png/m3 12/ F L7z (Kamble et al., 1992),

—RERNBANTHZ 7 aVICRETHE - & b ARERN S WVREIIRMMERTH DL, T
X, ~TF 7 VRSIREMICAEREGET D btk D, LT, BEAEOE WL,
A, WHEAREORN, O WNCREIC K> THEBRINTZBHRIL, ~T ¥ 7arszE
REICE TR RS E,

BENPOHE LTe~ATZ 7 mbm R v RERET, 1960 F1F KON 1970 R0 K [EH
TIETBB L Z 0.3~2 ug/H THh > 7-(Duggan & Corneliussen, 1972; Peirano, 1980; IPCS,
1984), KED £ ESHFDA) O EHFA(1986~1998 F)DFHTIZ L D&, ~T' X
7 v VO] 1 BRI, ERREG~11 » A, 2%, 14~16 D&, 14~16
ik DFVE, 25~30 DL, 25~30 D H M, 60~65 DM, 60~65 %D FHME) T<
0.0001 pg/kg A/ H T - 7=(Gunderson, 1995), 1982 4 4 A ~1984 4F 4 HIZ3FE i S
ERRFEFATICESS L, AT X7 aVBIUOANTH 7oLl y ROHEE 1 BIERE
1%, 25~30 %D BETENZI 0.007 pg 3 LT 0.184 ug T - 72(Gunderson, 1988),

1990~1991 HIZAXAL L DINRAT N THARTZA~AT H 7 o)V mREy ROHEERREIL,
)T <0.1 pg/ B Td - 7= (Urieta et al., 1996),

Kannan 519935 » EIZHBNWT, ~T ¥ 7 L BLOZOTRF Y ROVE 1 HE
HBEQ A4720 @2 AFET—ZIZESW T TFO X ICE LD 0.07(f > K, 1989
B, ~TH7aLDH), 0.08(F A, 1980 4), 0.06(H A, 1992~1993 4F), 1.1(F—A |k
S U7, 1990~1992 4E), 8.4 (4 Z U7, 1971~1972 4), 0.18 ( # U 7. 1978~1984
), 0.49 (7 4 > 7> K, 1983 4F), 0.1CK[E, 1987 4F), 0.04CK[E. 1990 4F),

BENEDONTH 7L BLONTH 7 v RSy NOHEEZRBERN, 1970~1996
BICAR—F v RCRMPORFRE I ERPEABEEA R CRES N, AFIZLD~
TEIONBIONTZ 70K REL Fo 1 BEREIEZ, 1 A4~ 0.51~0.58 pg T
& - 7= (Falandysz, 2003) CE¥AE % 64 kg EMHET S &, £ 0.01 ngkg (KE), = O
TlE, ~"FHE 7 t~TEZ 7L RE Y FOTERZRFIL, A, ARG, SiirtiE
Mie#x i,

LU, BYSND S OB T IEINNDON T T T aH DA A, 7250
IZ hbad Goksu 7 /L4 02 BE SV AAERNIRET 0.1~1 mg/kg) #BEL7-HG. 1
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HIEREIXIIADCEL D EFHREND, ~T X7 a VBRI MN D &N B3
HDHNIBERFHLOEAE LR EEZEZ NS (& 21X, BRI VDX B — Tl uglkg #i
B, 1> RDOT V¥ AX MY v A 7 —/LTH Tl mglkg #iFH),

BHFLO> 1 BB % 150 ghkg (KT, BELOPLIIRN G A RE 8.1% LEL, 21
DRFGE R O~T % 7 v 1 FEREZ Alawi & Khalil(2002) 07 — % ) bEET 5 & |
45 0.67 pglkg RHE & 7p o7, 2000 FIZHIEPEI L Io~T H 7 n Lo RK¥ o RO
EI1% 1.5 pg/kg K/ H T - 7= (Alawi & Khalil, 2002), =D —J5, Rogan & Ragan(1994)
IZ. 100 ng/g AgAL D 90 73—+ > % A AEIZFE-S & (Table A5-12; Rogan et al., 1991), ~~
TE 7 aTRE Y ROWY) 1 HIEBIRE % 0.003 pgkg AR & HE L7,

7. EBRBYB IOt b TOERNEIRR- RO L

AT E 7ML, HHWHEREREET L TRIRE, BEHICE# NG, 7y MR
H#E5 L7z [4CI~T7 % 7 o L OHRMERBR OFE RN D . BUREEOK) T2% B3R DT T,
26.2%03BUEEM & LT, 10 AR E TICEPICH SN D Z L vbio e, 2PN
WX, ~TH I NLVTRFU R, e RadyralTy, BIO 1k Ra$i-23-=
AR¥ 7 v 7 o (1-hydroxy-2,3-epoxychlordene)(Tashiro & Matsumura, 1978) T&H >
72 W) 1-exo-t K% 7 1 /LT » TRF ¥ K(1-exo-hydroxychlordene epoxide) 3,
57y boORPTCTOLMEENT-(Klein et al., 1968), ~FZ 7 ua)L b Lt HliAFa
N—=RhLIEFI /78y =T, ~FE 7Lz iy NIz, 7> FTi
85.5% T -7eid, & FTIE204%IT@E R -7, & MFI 7 v Y —LRTHEES L
L oHIT. 1-8 Fr -2 3-m/R% 27 017 > (1-hydroxy-2,3-epoxychlordene)(5%) .
FreRerFvr/7r LTy rd8%BLN 1,22 Fefv e Rk LT v
(1,2-dihydroxydihydrochlordene)(0.1%) C & - 7=(Tashiro & Matsumura, 1978), 7 v b
28T DG D% Figure 2 12777,

AT R TREY NiE, 9o ) ERBESNDEEEIIEF IZENMEM TH D,
BYHICIEERRICE 2 5523, Ik, B, AR HE 2 545 (Radomski & Davidow,
1953), IMiF. AEMIAEME, MEH, IEARO~T 2 7 mrxfR s FREIX, 1 AOR hAIE
WNMEEE TENEI 3, 400, 1, 1 ng/g Toho7-(Paschal et al.,, 1974), THEH~T#
7 aVTHOEEE 10 AT, ~7 %7 a xR ¥ s RO P RE & g o
PJLE R (13 880 T - 7=(Nisbet, 1986), 7 v b#ifkd o /EMEFEIRE (mg/g BN mg/g fif
B, BT 1.0, MET 5.0 THo7=(Adams et al., 1974), M1 X & HW =BT, ~7
A7 )L TR E Y ROEBEAYERBGREIL 22 THh - 7-(Radomski & Davidow, 1953), ~
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Fig. 2: Metabolic scheme for heptachlor in rats [1-hydroxychlordene is also designated as 1-exohydroxychlordene; 1-hydroxy-
2,3-exo-epoxychlordene is also designated as 1-exohydroxy-2,3-exo-epoxychlordene] (from Tashiro & Matsumura, 1978).

TR aTRF Y RAOERER. S4F0LEYERESAREIL, #ETs ULk, MT10~25
T& - 7-(Nisbet, 1986).

~T7 B 7 vl 30 mglkg & 12 BRENREHE S L2 7 » NOETIZ, ~T % 7 aLmR¥
¥ RPECNCERE LTz, BRI 2~4 B CREMEICE LT, ~T ¥ 7 aLEh
Ik, JENI 6 O RRERICIT 12 BREZZE LIz, BT O~T 4 7 a1z iEs R
B, SR O~ 2 7 n Vg L BEE LT b (Radomski & Davidow, 1953), M7
bR, A, ik, BERG. MRS N Te~TZ 7 VB X ONT X 7 u LR
v ROEX, ~7Z 7 a5 EIZHA L T2 (Smialowicz et al., 2001), 7 v MFOH
WP TIEAT 2 7 a VIR SN o Teid, ~TE 7 L m Ry R G &I Hfl L
ToPREECHRRG, MM, AFBER. Mg o <47 (Moser et al., 2001),

NI BT e )T IRF Y ROGFENEER ORI T (Wassermann et al., 1974)72 5
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N H AR o Lt (D’ Ercole et al., 197612380 B D Z Eid, ~T X 7 a Lo~ X
Ja)mAR¥ Y ROBBEBATZIE LTV 5,

8. EBWHILIHI XV in vitro REBRR~DFEE

8.1 H[ERE

BEOBYFEEZ A NT-~T X7 aVBIONTZ 7 a VR RoammttRie .,
IPCS(1984) & FAO/WHO(1967)23F5# L. JMPR(1992)3F &8T5, ~T X7 1L d
AR D LDso %, 7 v b T40~162 mgkg, ~ 7 AT 68~90 mgkg AETH D, #E7
LDsol%. 7 v hC 119~250 mg/kg IKE Th 5 (IPCS, 1984), 2ME~T X 7 a L @EDIE
WRiZ, R B, IRER, R B S Th D,

AL, AT HZ TV TRF Y ROGTNRANTZ 7oL L 0igvn, 728 20X, #iRE:
FBOEEIL, ~7 % 7 1Tl 40 mglkg KE, ~7'% 7 m/LARK¥ ¥ R TIE 10 mgkg
KETH H(APCS, 1984), L L, ~F ¥ 7 aLof 4 EORB(Z oLy 3-7 L
Fr.o e Ry runsy JugrmiREy DOEERIZS ML, arkkn
LDso 7% 4600 mg/kg (RELL EToH D Z & 23 o> 7=(Mastri et al., 1969),

8.2 KERE

K EEMERES 10 'ED Charles River CD-1 = A2, AT X a7 Z 7 a)liRF
¥ RORAWA : 3) %, kIR 1, 5, 10, 25, 50 mg/kg T 30 HE5 % 7-(Wazeter et
al., 1971a), 50 mg/kg BEDKE 9 PT & it 8 PL. 35 X O 25 mg/kg BEDME 1 PLASE T L=, K
HOEMEICEHL T, 58 EIREBEIZE LWETA LN >72, 10, 25, 50
mg/kg HEDMEME CTRAZE 22 73 B %:H: 5 FPRRRE R A3 S, BT I 2 b o
FERER £ OV5 mg/kg BEOMEIZ 31T 2 /M EEFOME RS K OV TS IR K 2 B & iz LTz,
NOAEL 1%, fikt1 kg Fo~74% 7/ 1 mg & L THE E7Z[INOAEL = 0.13 mg/kg
kA,

NT B vV DTSR E R ES DB A LBR(§ 8.5 2 )T, 44k Sprague-
Dawley 7 v M=% 7~8 VOIZ, #T4% 8 H(GD 8)» L EfEILH Th 5 HpE% 21 H(PND
21)% T, 0. 0.5, 5.0 mg/kg (KH/H & A 5RHIH G L7z, 5.0 mgkg KE/HHEDORET v |k
2VCBEE Lz, FemMEREOFT v FOREIL, A% 0 BICH 2 BRI THEICE,N
>72, 5.0 mgkg RE/ARED 1 FEFZFRE, £% 4 ARELINICEIENHELE L7z (Lawson
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& Luderer, 2004),

HHE 8 VLA B 72 H ME Fisher 344 7~ MZ, 14 HHMEHE L T 0. 2. 7 mg/kg (KE/H %
R P G Uc, IFRIBRER 2Y 2 me/kg (REE/ A #EOD 8 PL 2 PL & 7 mg/kg (R H/ H £ D
EAEFET y N TIRICGED DN, F-Ino0HET, FEEZHMN S iR E S 2w
S 7-(Berman et al., 1995; § 8.5 ®4JHEM:[Narotsky & Kavlock, 1995]4 L 0§ 8.6 ™D
PR TEN 1) 22 [Moser et al., 1995|1233 2 3B 2 ) [LOAEL = 2 mg/kg KE/H],

I— ISR L To~T H 7 a V2RO L2 A XX, 5 mg/kg AH/H Tix 2 LR
21 HUWIZ, 1 mg/kg KE/H Tix 4 JErf 3 LAY 424 HLIWNIZSELE L7z (Lehman, 1952),

ANT RN TRFY e 2, 4, 8 mgkg RE/AOH&ETIH 5 ARRAHKS L7 3 LD
A XX, ENE 22, 10, 3EMKZICHELE L, 1 BRROE 0.25 B0 0.5 mgkg (AE
TIE 52 WEANTORIFIZA DR > 7o, BEH TIX 6 mgkg ([CHXS T2 LHEEI
% 0.25 mg/kg (KE/A N, WEFEHNEEL LT TR/ EE L THE S iz (Velsicol
Corporation, 1959),

8.3 EHIZELRIBAM

8.3.1 [EEMTE

T¥EMNTZ I a (T 70V 1243%. trans 7 0V E 2 18% . cis 7 RVH L 2%,
JFran 2%, 7ansy 1%, ~FH% 7 rn 7 x[hexachlorobutadiene] 0.2%.
A& 10~15 FE) DI ANERERDY, WEED Osborne-Mendel 7 » h 35 X O B6C3F1
~ U ATITO(NCL 1977), PERI - flijl Z &2 2 LA EHWT, ~TF ¥ 7 a L%

RS G U, B ENBlE SN oo HE LV BRIk I AT S vz,
REEIN S &20%, 7 » FT39B K178 mg/kg, T~ KT 26 35KV 51 mgkg
Thole, MHERET v FOVREITELESREL Y —H L U)o 72y, R =RE
TIIEREA~OREII A LN oo, FHTRITMET » N TITHEIEKFE L TW R, [#EZ
v M TR L TR o 7o, IFIEEIIBIE S R0 T,

~ 7 AT, REFINEYYHEL, #ET6 B L0 14 mgkg, T 9FH LN 18 mgkg T

2 RHOEEHZRIM LT=~7 2 7 a O HE LV, BN EEIN-7-0 2 [FEE
VD% 2o, Thwz, NCIQA9TNIXE N E 4 & % fod L2 R 42 A
F L1, RRIME L HE= 2 (mgkg HEX YZMEOERE ),/ S (@& HEOHRE B,
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Table 2: Tumour incidence in BEC3F1 mice treated with technical-grade heptachlor.®

Males Females

Hepatocellular Hepatocellular carcinomas Hepatocellular Hepatocellular
Treatment carcinomas and nodules carcinomas carcinomas and nodules
Controls 219 5149 oMo 10
Heptachlor {low 345 14/45 044 344
dose)
Heptachlor (high 2i45 24/45 (P = 0.042)° 2i42 21/42 (P = 0022
dose)

2 From NAS (1977); IARC (2001).
® Armitage’s test for linear trend.

bolz, FEEHRIT, T v N TITHEREREENRO SN, T v FTIERD ke
STz, Z OB TR G AV IFIEEUE 2 KE R T 7 7 I —ZRE S HET L72(NAS, 1977)
f. TTHERE O Avds KOV “/NERITEIRA” & 65T LIC AL oA B N2 & &7
i TRE® B A7 (Table 2 24,

1965 FIKE - ARMERMLFEDAIZE T, ~T¥ 7 aL btz REy RIZET 5
2O T D AAERER DM T AL, BICER O TAZK S 7= (Epstein, 1976), HEHES 100 PT>
5725 38D CBH ~ 7 A2, ~F ¥ 7 vi% 0 £7201F 10 mgkg, HDWIE~T X 7 an
TARF T N4 10 mglkg BTkt a 24 » ARG Uiz, KERFT 7 I —I12 X 5 1l
BFOMARELAT R OMRFHZ L 0 (NAS, 1977), ~7' % 7 v )VEH OO T, 72 5 TNTA~
TH I VT ARF LV NG OMERES, A A OFABEE DA BT b,
NT BT aNEIGFATE 7 a R Y RERE Ul RO 2 A% L OVNE
HPERRZE DA A b A Z 2N L7=(TARC, 2001; Table 3 /),

Table 3: Tumour incidence in C3H mice treated with heptachlor or heptachlor epoxide.®

Males Females

Hepatocellular Hepatocellular Hepatocellular Hepatocellular
Treatment carcinomas carcinomas and nodules carcinomas carcinomas and nodules
Control 2977 ABITT 553 11/53
Heptachlor (10 mag/kg of 35/85 7285 (F=0.001) 18/80 (F=0.04) 61/80 (F = 0.001)
diet)
Heptachlor epoxide (10 42(78 (P =0.031) 7178 (F = 0.001) 34/83 (P=0.001) 75/83 (P = 0.001)
mgfkg of diet)

* From Epstein (1976); NAS (1977); IARC (2001).

E B F2E B 36 24 (IRDC) I & » T 1973 2 T, BICENOR TAR I
(Epstein, 1976)~7"% 7 )L & Z O xR %2 RIZBT 20 ER CIx, Mk 100 PS5 7
% CD1 U AREZ, ~T X7 VTR Xxy R T5%E~TZ 7 vl 2% H0IREY
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Table 4: Tumour incidence in CD-1 mice treated with a mixture of heptachlor and heptachlor epoxide (25%:75%).%

Males Females
Concentration (mg/kg Hepatocellular Hepatocellular Hepatocellular Hepatocellular
of diet) carcinomas carcinomas and nodules carcinomas carcinomas and nodules
0 (controls) 1/59 2/59 1774 174
1 1/58 1/58 w71 o
5 2/66 4/66 1/65 365
10 173 2773 (P =0.001) 4/52 16/52 (P = 0.001)

* From NAS (1977); IARC (2001).

Table 5: Preneoplastic and neoplastic liver lesions in BEC3F1 mice treated with heptachlor in the diet
after initiation with N-nitrosodiethylamine (NDEA).

Foci, glucose-6-phosphatase-deficient Liver cell neoplasms
Number of Number of
Exposure Numbericm?® Area :n1n12.-'cn12]| Incidence adenomas carcinomas
Control 0.0420.11 21£0 328 2 1
NDEA 127107 102+125 820 1 2
NDEA + 5 mg heptachlorkg 181£1.14 273407 16/21° 24 g
NDEA + 10 mg heptachlor/kg 229+£170 3101387 20i28° 34 g

* From Williams & Numoto (1984).
® Significantly different from group given NDEA alone at P < 0.05.

Z 0, 1. 5. 10 mg/kg DR T 18 » HHIREEK G Lz, 6 » A THREZK S N7=4HE 10
PE&RAME, 18 » ARF R TOIRTRIL, K HEREDOK T0%I135 & LT, 34~49%Th
ST, TORBRTHE SN FIEE ORI BT R A2 KER T 7 I =t Lz
(MAS, 1977 L = A, i AERE TR AR X OVNEEPERZ O G RAMEE NG &
\ZH8A0 LT 7= (Table 4),

8.3.2 BERNENAWE L DOLHE

8 Wi DI B6C3F1 ~ U R, BNAA =V —F—D N=rrnYTVZF LTI
(NVnitrosodiethylamine) % 0 F721% 20 mg/L T 14 BFIRKE S Lz, D%k 4B %
R GHME L, TEH~T %7 00% 0, 5, 10 mg/kg T 25 BFIRAHEK G LTz, 33T
DELFT v b 43 BRFRITRER LTz, SHES ILOERIL, ~T X7 u b 8K L1 16
HWE#%CThHol2e N2 ba Y P F AT I OHEE FLa—R-6-UJ UBRAT 7 X —
TR 2R T AR R OFEIT K - T L7z, AT RIE - 25 A ORAEMEEIL, N=h
YT FNAT IVEMED AT E 7 a bl OAFRIC LY AEICHENL 72 (Williams
& Numoto, 1984; Table 5 &), ~7"' % 7 VIR N AT 0 T—X —iEEE R LT,
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8.3.3 FENEGMERE

BREHERES 4 VC D72 E— L RIZ, ~T X7z R¥ R&0, 1, 3, 5, 7, 10
mg/kg OIRFE T 2 ERRETEE S L7=(Wazeter et al., 1971b), 2 #-t&. S REMERES 2 IC4 B
BERR L, 7R OMERES 2 L2 S HI26 » A= hr— Uk CRE Lz, Iz T, A
BREhY) 2 B TS ARl S, 2 VRS K O AT IR EBR O P1 BlE) & L THW
7o, WIS, JEC LB EICEET STEE b A bR oTo, RE L BRI
BALC. &58M L5 IREMW) & OICE LWEITA LN -T2, 3 mgkg HEM LD
HECT NIRRT 7 2 —BIEED EFARH LI, —HOA XTIXZ O LA PG TR
T C— @B ISR 0 | BRI A U TR 28R H - 72, 10 mg/kg #EDOMERET
MIET LTI VBIORY X7 O LU SHTICE TR T L, BIEMCETRA
72, LAEMOBE#, T mghkg BHEOA X T, 77=VT /) F 7V AT7 =27 —BHEDOLF
b, ZRAEE F TRV 7o, 10 mglkg REOMERET, %R & A~ THFEEOBINA
F B, T OHINTE TG T 2 08 EEIC bRk L T\,

Pe 5 HATRIRE T IREIC R L 7= A X (B HEHERER: 2 PO ORI B PR A 1L, 3 mg/kg UL T
FFNg D ZEALCINE P IREE D IER - Z2fafb /e E)ORBIMAE R~ LIz, 29 L&Yk
X, 6 » HORIEHH A2 THRBRD LT, ~T'F 7 rL R ¥y RIC K2
B ZARIE 1 mg/kg BECTIEFRO DiLie o7z, HEFRI/ T X — & L FROGRFrZ
fbizH-3%, NOAEL (¥ 1 mg/kg fiikl & HE S 7-[NOAEL = 0.025 mg/kg {A&E/H]
(Wazeter et al., 1971b),

8.4 EBREEMBIUVBEET. FKRA Lk

NT BT ANBIONTZ 7 a )V TR¥ v ROBEHEED IARC 2L > TR S
(1991, 2001), FEMICHE SN TV 5 (Appendix 6 2R), ~7 % 7 ruid, flE Tk DNA
B RZERA R (Simmon et al., 1977; Griffin & Hill, 1978; Probst et al., 1981;
Gentile et al., 1982; Moriya et al., 1983; Rashid & Mumma, 1986; Zeiger et al., 1987;
Mersch-Sundermann et al., 1988; Matsui et al., 1989). Hi 3 £ (Saccharomyces
cerevisiae) CTlLig 2% (Gentile et al.,, 1982), HH\MIF A n a v yg y T
(Drosophila melanogaster) COLEMES PR FEIEIRIE B % 75%8 L 72 - 7-(Benes & Sram,
1969), 7 v b, ¥ U A NLA Y — OB TIIAENEE L OIEAE TSR EH DNA
B A3 Lshyo 7= (Maslansky & Williams, 1981; Probst et al., 1981; Williams et al.,
1989)7%, & eI TITAGTEMAL OFAE T ISR ES DNA A OA BB 2 6
N 7-(Ahmed et al., 1977), ~7 % 7 v LiL Tk JETEn 12K 5 %7558 L 7= (McGregor
et al., 1988)73, T » WML D Hprt FECTIX#H% L7en > 7-(Telang et al., 1982), F - Hi
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HBIOE FOEEM T, Xv v 7Yy 7 v a UHEMERE 2 BLE L 7= (Telang et
al., 1982; Ruch et al., 1990; Nomata et al., 1996),

TARC(200D)i%, ~7 % 7 v )L Otk Gt/ k22 #1(Z ~ MF S9 IRINCERER M) I LY
Yt R B (2P ~ D2 BT 2 K EEF B ENTP) O LA KRB Z B L T\ D
ZEHEHBMNT LT,

T2 aE, in vivo TV U ATEMEBIEAL R A% L7 o 72 (Epstein et al.,
1972; Arnold et al., 1977), C57BL/6 (Big Blue®) h 7 v AV ==y 7 <7 ZADif DNA T
lacI 8 B2t L CREMERE R 4 78 L72(Gunz et al., 1993),

ANTHE TR F Y KL, T AVLF LR G (Aspergillus) TIERTEZZIRE R AR5
2 xx e B A 3 3 H 1 (Crebelli et al., 1986). % X I F 7 A i (Salmonella
typhimurium) CIXEIFIRE R 235 L7sh o 7-(Marshall et al., 1976), Lo>L. G
IEMAL DAL TIT in vitro Tt MEHEZFMAIZIZAE R DNA AR ORI A 22N
NHDIL, ~T X7 a Ry REREHEELIEGEE T2 7 v N F(Matesic et al.,
1994)5 L W in vitro & FHE ERZfIi(Nomata et al., 1996) CiZ¥ v v 7T ¥ 7 3
> B e 2 PR L 72,

8.5 AJEFEME

8.5.1 ZEFHRE~DRE

I# Sprague-Dawley 7 v M(&HE 5 POIZ, 22— MM LT=~7% 7 1L 5, 10, 15,
20, 25 mg/kg RHE/HZ 1 HBEIC 2 @BE THEHN Lz, 7 v NI, 2&5HMIchZ-
TR % R S 72 o T AREA~O BRI BIIH 5 0 TIE R Do T, R ERET,
MAET 2 b 2T v AREAMET L(P<0.05), MIEEMAETERRA VT ARED EF LI2(P<
0.0D723, N6 DOEITHEKRGFETIX oz, VT —VRET, BT v Ntk
NTHBIZ EF L72(P<0.02), 25 mg/kg RE/HARETIL, HHRISHE T ORREFERIZ(EA 2
5i7-(Wango et al., 1997),

ik AME Sprague-Dawley 7 » b (&HE 10 VT, xfHEREE 20 D2, 22—l dH DWW FEA~TH
7 v VIR D £7-213 20 mg/kg K/ H 2. 1 BB & 12 18 HM F T FiEH L72(0Oduma
et al., 1995a), IKHEEDO T v N OWEEICE T OELNN I BILTZH, 21X 20 mg/kg
HRE/AFTLVBEE CThH o, M GIC L LIRS IS o7z, ~T ¥ 7 v VI RE
W& ERAFH 72 5B % JAF LT, BBRIL . MET » N ES#E 10 DOIZABR AR, =
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— U, HDOWIEATEZ 7 a)L 5 £721% 20 mg/kg KE/H 2RO L D ICEN Lz, ~T
27 vk, AEEGENICRZRBITEORBIEZ B, LLEND | RO BITE
DIFIEZR & OFBIX, =5 mglkg KE/HOERBHAETALNIZZ LTk D,

Y #tE Sprague-Dawley 7~ k(&R 10 PO, 2 — ., 8 D WIEIA~TF X 7 b LIEHE 5.
20, 25, 30 mg/kg (AE/H % 1 HI X 1T 18 AR M L7-(AFF 9 [, KEZO&EE
1 HREICEAITICE s THERBOAT—U%2HE L, 7y MEBELS LTz, DHERINCE
S TR ZBRIRL, 7aF 2 hartxzAx bhaZrollEsit-7-, AEEMERHO
AT —=VUHE LT, A TOT e 270 BIURTA T U4 — VREEOKTARD 5
iz, IKHEG mgkg KE/H)E &L LT v N TIRINEMRNA 7 v 7 270 U EAD |
FAEaR LT, mHEC 20 mg/kg R/ H)EECIIEANME T L72(0duma et al., 1995b),
PLEne | 81T =5 mg/kg (KF/H ORHBHETA LN,

HZE R #ER % albino CFT Wistar 7 TIT72 0, HEIZIZAEL 70 HATIC 0, 45.3,
90.5 mg/kg AH/H %, MEIZIIARES 14 HATZ 25 £7201% 50 mgkg HRE/HZ &5 L1z
(Amita Rani et al., 1992, 1993; Amita-Rani & Krishnakumari, 1995), L7>L., &R L7z
RAEIFEFECEEZLELLTEY, 22 TERBRICOWCOFEMZARTEHEIZONZ 5,

6~9 » Al B — 7 )V R(EREERES 4 IO, ~7' % 7 mLmA ¥ R4 0, 1, 3. 5.
7. 10 mg/kg IRE/H OPREET 2 IR 5 L7-(Wazeter et al., 1971c; JMPR, 1992; §
8.3.3 ® Wazeter et al., 1971b H, &), 14 » A#pIZE L2 Mi% [F— A EREOME L 2 [F142
FlSH, HEBLORASEE, F2HRICHOWTIE, F1 HAROMETA X 4 8 L HETFA X
2 EAEEHELANHEY, F2 HROBBMP2) & Lz, BBXZ 14 » Al TIib
% ARHL &, AR U7 MELC HIPE 2R & ONTT2Y 6 TR IC /e D £ CIRFLEE, T O Tl &
HAEFZ B Lz, P15 WIE P2 8 & = o HAIFIC, BBRIR hICsE T b B e B
HOITENVE(L b A DN D o7, KEBSIOEMHEICBE LT, #5819 & xtREWORIC
FELOWEERLNIR DTz, SOV S ERONTET =2 b, ~T X aLTRE
¥ RIC L DR DR B O TURHIE TE o 12,

8.5.2 FAFM

ATEICFLHE L 72 B — 27 L RO ER(Wazeter et al., 1971c) TlE, 10 mg/kg K&/ HEED
F1 O TRPAZIZ @D T, TEBRREH E TAEMF L TOIZBEFA XL 1IEDH T,
P2 BlEW & 7r o T2l e o T2, 3 B XN Tmg/kg @ F2 (+DFE L HRIL, *HREMW) L Ib
RTCETFEN- T, b mglkg FEICIIFREENR -T2, DI —2I1ck b &,
F2 D55, 7T mglkg #£0 4 it 1 JCoffe, 72 5 ONZ 10 mglkg #£0> 10 PLH 3 PLOKE &
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7 Pirp 3 ILOMETIX, A A SIELSIEE > T\, ZOFRII~NTZ 7 o )LoRF L R
WZBSE LT e, FECRICHES & NOAEL 1T 1 mg/kg ikl & # 5 X7z (Wazeter et al.,
1971c; JMPR, 1992).

7 v baHWE 3 o AFERABROFAN A2, JMPR 2% 1966 4L 1970 4FI24T o7z
(FAO/WHO, 1967, 1971), 3 A5 ER ClE, 80 L H725 7 v FEEIZ, 6 mg/kg/H D
AT H T VBRI 3 » A RNREHE G LTz, B ~OME— OB RT3 O Wb T
& o 7= (Mestitzova, 1966, 1967), Lo 2 fFOAFERER Cix, A RE 0.3~10 mg/kg
DT & 7 v b Sivlz, 10 mglkg OIRFE T, ZREECAETE~O A EREIIHA L
Mol [FREET, FHAFOERIELTRNET LA L72FAO/WHO, 1967),

1TiRME Sprague-Dawley 7 v MMIAER 12 B S HER 7 H £ T~7 % 7 11(0,0.03,

0.3, 3 mgkg K&E/H)Z GG L, OB AEFICAERL 42 A £ CHERGA1T-
Too MEOBREIL, KENTA AT 7EHICHEIT D 1981 RO AN HA~T Z 7 al « ~F
Z 7 TRF Y RRBED 95 X—t XA VEIC BT 2BE L2, K& 0.03 mg/kg
RE/EPEET >~ MBS 5 X 5127 - 72 (Siegel, 1988), AfHas B IZxf 9 2 2
DFAM % MEREA T B R (AR O AL P B A 2 EL T A, F2RA 0 B ike . GLRZ 0B A k)
DE=FY T WEERHEO D0 2 WIS H 2 EMINE . EREOLZRMETF L O 2
[l DORZRRFAIT, M - MRRPT R, R LR FEEM: - 2ds L O B F-Hifa 2 ool
E & B UOHIRAIRE 2 EIC K o> TT o 7o, R THGEER 46 B) R b NI T v R T
T ATV, EnOTFIRE. BRI, mIRr. MR, Meist. SRR, Fm M. RSB, REER LMK, K
& RRME AR, R - HRIETSZAR) O EER X O O 247 - 72 (Smialowicz et al.,
2001),

AT LT v g LT REEMW) O PEAT DECRCAAFRA~D B D WITAEREREE LI ~D
B LN Do T, HPE LTC BB RIS 2 WITFEFEICH, FOSLFL 7 v BT
PRI RARA & FOWT RIS S, EBITRD b ho Tz, AT T
JHBRAT LI SR o 7o, FEEREEDRRET & &R L 7e & OO pAMERE o> A= FERE (2 28
bix 72 ole, BEEMEHEOIRE T L ORG-S O E RIS S | Fof&HIR TEMITA S
727 o 7-(Smialowicz et al., 2001) [NOAEL = 3 mg/kg K&/ H . Bk L 7= fxE H &L

YR Fisher-344 7 v NMZEAIE 7213~7"% 7 o (0, 4.5, 6 mg/kg (K&E/H) %, iF
IR 6~19 HIZ58HIRE 05 L 7-(Narotsky & Kavlock, 1995), RHEM) % HpE S, [FIREITF
DA ZAER 1, 3. 6, 21 A T-o7c, REHEE, £& 1. 6, 21 A7, /K
Bbfx, HAMECEZEB L, ~7Z 7 a/Lid@iAENE T, +EZ2BRW R0 E
HmEOMHH 2o EHZ L, 2O HE T, HAERTD VIR AR OAEFRITITR
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Ba NS IehoT=, FiIAEFEREIIHEAETEL 6 HICOREEIZHED LTz, £%
21 B G RERENCE T 20 o T2 [RMAEHEINEI2%3 5 LOAEL = 4.5 mg/kg A&/ .
FAAFOHAERTD D WX AR AFRITKT 5 NOAEL = 6 mg/kg R/ H ],

Fischer-344 7 v k% AW 250 ER (Narotsky et al., 1995) Tlid, ~7 % 7 v )L & 4TR
6~15 HIZ 0. 5.1, 6.8, 9.0, 12.0 mg/kg AH/H D& THAIREAFKE L7z, 9.0 mg/kg
(REE/ B F CIIRHARTRNE OB AE R (R E B0 0 H B AEE(IEA S e - 72(12.0
mg/kg R/ HFETIT 13 PErf 5 PLANFET) S, B DFE AL FME(6.8 mg/kg RH/H LLETH
% OIE IR & HAERECROBIN e EA9.0 3L 12.0 mg/kg (KH/H)DH DG
STz [RHA KBRS C %4 % LOAEL = 6.8 mg/kg (R 8E/H %2 9 H . HAEZEE I
% NOAEL = 5.1 mg/kg {A5/H mg/kg (9.0 3 LT 12.0 mg/kg K E/H TOHAEHZIETL R

B E]

Sprague-Dawley 7 > MNMI~T' ¥ 7 a Lz B 238AMMICROBG L-, &5 8138
FEHI B L OMEIRHIARER TlX 0. 4.2, 8.4 mg/kg KE/H . JEES,EEERERTIX 0. 0.3,
1.0. 3.0 mg/kg A/ H T - 7= (Purkerson-Parker et al., 2001), BHAMKREHINER LW
FFAFRD ARG U TR L, IEM B O3 D = 3.0 mg/kg (KB BECTIELIE L72(§
8.6 ),

TR E A~ DB L FH 5B T, 44E Sprague-Dawley 7 v MMZ, ~7' ¥ 7 a)L
0. 0.5, 5.0 mg/kg K&/ H %, 4Tz 8 H A HEEFL B OHFER 21 H £ CTRElIR D5 Liz(a
=&/ T~8 VL), A4 BICIFIRG & MERE 4 PTICHA%E L7z, 5.0 mg/kg (RE/HEEORET
» b 2PEABET L7z, A% 0 B m M EREOFOREIIM 2 BRI R THEIL D e b o7,
5.0 mg/kg (AE/H @ 1 RREFOIFNNE. m&ﬁi¢&f$%4aum’%tbto%wa
E~T 2 7 eV BEOEINI - CEIE LT, AFFRBFORERNEIC, 512
I DN o 7o, NLFIAGHZE L TEIFEMEE, PRk H . %ﬁﬁzﬁ,ﬂ}q;i’u%f@fﬁ&ﬁ@%
SRR, MEEH, MIEMER T o RYREE, AESHERE R, RS - UNBRRAT RISk LT B
HIZ K DHERH LN o7 Z & 1X, MHEMB LORAMICE T 5T % 7 n b ~D 5

BNT v POATEISE ORZEEZ N EL L2V L Z/RIB L T 5 (Lawson & Luderer,
2004),

Oduma ©(19952)12 & % Lk DiER(§ 8.5.1) T, KRELHIOMET » M~T X7 an b5 &
7213 20 mglkg (AEE 1 HBEXICKE TR LEZEZ A, BEET v N OEREIZIENRE A I
FEVEII L 72 b DD xHREEE OFBEZEITA LR o T2, 20 mglkg (RERED T v RO
PITHRIIME 25229 HIE L B<. huEra vl GoORET v ho 22.7+20.5 A &
IHEEZ R L722M(P<0.05), 5 mg/kg RERE & OFEEITHEO b oo, BIFIF4E
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FEAFTH o 7278, 20 mglkg IRERE TIIBEFLRF £ CTAELF L TWOTAFOEIE IR AR L R TIK
Do T [FEAFEE & O EIRIART I %4 % NOAEL = 5 mg/kg RE(A#ZIETTRICE R,

2 v 7 (Mustela vison) % F\ 7= AFERSEEIZ BT~ 2 4G EHRER T O REEORE R 1S STz
(Crum et al., 1993), REEWM OIS RIL, FEHIRE 0, 6.25, 12.5, 25 mgkg TENE
0, 8, 67, 100% TH -7, FEMHOAL L2 BHE TAERELZ T, KIEHE
#£(6.25 mg/kg FAIEDIZHB VT X 2, AFOEREITHIT X W AEICK» o 72,

8.6 fhRREmME

LR DFETEIL, v 7 1 V= (eyclodiene) R IR K - THEL 2T 5 & OIS 2
TW5, FEREL GABAAZERD 7074 K« Fx U RAEHBICHEE L, ZRUZE s
EWE GABA OMHIWER ZLIET 2 Z & T, ZOZFERIHIERT D Z Enbhro T b,
AT E T aNTRF Y RFEATZ 7 a L L0z, 7 v MK T GABA #5384 36Cl-i
ANZ#H9 % (Gant et al., 1987), ~TF' X 7 uLlp ¥y 7 nPm R EEO AMERICIE
BlLZE | BRI, R E 3D 5(§8.1 B,

T X7 0 OMRATEN R B % P 5 35k C., M Fischer 344 7 v M HE L~V
8PN 7. 23, 69, 129 mg/kg (AHE %% 0 £ 5. L7-(Moser et al., 1995), H[EI} 5 TiiEk
M SN2 hoT-, L UERE(@Q, 7. 23, 69 mg/kg (A&E/H % 14 HE)TIE., b
2 HEREORT v FAEE 2 T mgl/kg (KHE/ A FED 1 IEH R OG- ERZITEL LT,
BEREBLZ N o 7 U — & ARGEETEMERIE D S 72 DRI TEN IR B O Ny 7 U — 2 VT,
29 LI E OMREIE ORI 21T o 7o, ~7 % 7 vV 3MT8Ehd L OBE IS RIE T
SMEREORE IR G 4 RBICR K E 2D BEEEE(L Y 24 RefRICBIZER S, ~
TE I aNDORERGICE o THieb &N 8IL, 1TEZ b, mREE, BAMRRIE
I TdH-7-[NOAEL = 14 H %5 T 2 mg/kg (AHE/H].

JAEEINZ I 2T 52 7 v )V X DR 2 T 5 AR Tl B ORE &
KENTA AT 7HIZE T 5 1981 FFREO NFLPA~T X 7 vy « AT Z 7 uLxmRid s R
REED 95 "=t o Z A A — By D&% K E(0.03 mg/kg (RE/ )2 RET » b
HHICHBLT 5 X 91297 o 72 (Siegel, 1988), #L4z Sprague-Dawley £+ 7 v NMI4LHR 12 H
O HER 7T HE CHRBERAREG LIRS, 77 v MOERZ 21 HOA—T7 A ET2IT 42
H(ZV—7 B)E CHEBEEHRRE NG Lz, &L~ 0, 0.03, 0.3, 3 mgkg (AHE/H
T& > 7= (Smialowicz et al., 2001, § 8.5 &), #RFEMIHMO-, 10 FEF»HEFN
CTAVMERES 1 D2 S HEREIC W, SRBRICHZAEN T DI, 1"\ SRR (B REBLZE N > 7

—. BISEEE, Er U O%E), REHERERERGES - G M - OB,
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VEZEGETE). GABAA ZAIKEERE « RELOWE £ THh - 7-(Moser et al., 2001), 7 > k-~
DJFHEMNCIBT D ~T 2 7 a V@O RIL. FEELE, GABA {EEIMEMRSEOLL,
72 b QNI RAERERE 5 4 5 PRI TEN A L 2 7RIB LTz, IR, A% 42 B E TR G &
N7y FTHALNTELDIT, BEBEETZITOThole, ~7Z 7 a /U XEREkeEIC E
RipfBE 52 TH Y (7 r—7 KR PICZRRRE OB SN R, UEFAENRS I,
T —THBRA~D D DREBIREHEL VBV TEZAE TH-7-[LOAEL =
0.03 mg/kg K/ H],

VI Y RIBIEA~DFEBEO LD RERERERD, =%V IR EO—RIZ
72D D TIHE DMK LT (Priyadarshi et al., 2000), /X—F% 2 Y U CTH I
% EERGEIL D 1 D Th DGR OMIRIERIZIIT DANFAPREDOELR, ~TH 7 r
V% 3, 6, 12, 25, 50, 100 mg/kg AHEH/H DM & T 2 HHIC 3 FIIEMENE G- L 70 1B 5%
5l C5TBL/6 ~ 7 A CTHgt & 7-(Kirby et al., 2001), =25 mg/kg (KEHE%Z 5 27~ 7 A
TIIA R 72 R BRI S e dh o 72, Lc L, 50 £721% 100 mg/kg (KERE
TIE, — MO~ ANBRBEEZ L, KERMFELEZ LTHT Lz, R8I kg
I, BFIL R RIVEREICIRVIAEE D L) I, 2070 NI AERHEZHET 5
FECTEETHD, R/ UHEEHEAR S OFRSEEZ, MBS TR T 5 DI T, 23
— % Y RIS ARSI K o T H 83 % (e.g. Fischman et al., 1998), %)
L CUREERIZE D R UIRREGAA &IT, ~T7 % 7 1)L 6 mglkg RERETIE>2 512,
12 mg/kg ARERECIX 1.7 fFIZHM L7223, ZHud RS VEEHE OB EIC L 52 DO TH
o7, KVEWHEL LTI, P UVERKRKBUABEOEINIZA AT, Zid~7 4
7 vV TARF Y ROBEIZL D &5 2 bh=(Kirby et al., 2001), K/33 AEE)M#E D
LT Z 7 a ikt L TESMEREWEEB X LD DI, Eu b= AFEIERE~D
HENB LN STeN b Th D,

SeDRBR Tl B EGEE C5TBL/6 ~ 7 2(8~10 #» AWM ~7F % 7 1/ 0, 3. 6. 9.
12 mg/kg RHEH/H % 2 BWHIZH7- - T 3 [EIIEFENE G L7-(Miller et al., 1999), ~ 7 Af
SRTT, RIS RR 2 gt IR L OVINEE /7 S Ul OB NN IE &
77,

RS s AR 14 BICHIO THBLL . MR O EBERERZ R L5
Z i1 5 (Fauchey et al., 2000), L72728-> T, K8 VEEHAEBB I ORI VBED
ZAEIE, B OMRREEICREL 52 BF =% Y IROIRRICA b O 5l 2 R
T eEEZLND, Zhvematd 5729, Sprague-Dawley 7 v MI~T' X 7 v L% B
DFAEWIRNCRE NG Uiz, BGRIF, FENR K ORI T 0. 4.2, 8.4 mg/kg
RE/ A HEM F AR TIE 0, 03, 1.0, 3.0 mghkg (KE/H TH - /2
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(Purkerson-Parker et al., 2001), =3.0 mg/kg /AHE/H T, FHADKREIEMNER L OMFO4E
FERM B L TR L BB ORERIE N A DAV, GERE. JEER,
BT ~T X7 a VgL, £k 10 B &0 ) FBHNSREARTO KX Ulgds iR &
PEOHMZ B 725 L, Z OZALITAEIIC £ TREe L 7=,

8.7 HBER~DEE

AT Z T v ~OEER A O FZFZ0, 0.03, 0.3, 3 mg/kg KE/H)DEELT v
N CHRB7-0(8§ 8.5 M ; Smialowicz et al., 2001), ZFE L7-1F7 v FOEKHIB I
Fr RIOGEREO KT R A > M 8 (G- L% 2 B L0 &L v @i
RS CRlli L7, MEET » b DT X 7 v )L ~DJEPER, S5 a2 1. Mo & &
faFeFEtE, &2 WITMRERICE(LE RIE ST, Fio 8 BEEIFD U S ERIEA SUGHERIC
BT 5 ex vivo DSSEHERER A (RO R~ A b= ATKT 2 U v/ SERIERROG F5
LT F 2 I 0F 7 —HIREIC b EE 52 R Tz, SHIT, in vivo TOIEERH
HBUEF OB BUE © £ 210 10 @il d 5T 17 Bl A Co S Z Snigno 7o,
L, Hie Y VRIMER~O—RISEIZBIT 5 IgM 1%, 8 il linle 5 Tl Tl BRI
Pl S A7z 3, MECIEH S e oo, g O B U L ER(0X12+0X19) OEIA &)
ABHETIKT L, ZOPUERSISHIHNE, 7> b 1LY ORA~T % 7 v )L RERNE
BLZ 1.5 mgkg REH & 7o o Hefk D REFEN D 20 % E TRl Lo, 26 EERRES T,
b UARIMER~D ZIRISEIZBT B 1gG 1X, ~T F 7 0 VRGO THIH S iz 3T
X SN o7, B Y UARMER~D T MRKAFIEFUARSOGIE, LSR5 BN A2 B
B LB R EEZ T L 0 L bEZMEOEWVERE T A =X DUVESTHY, 3
DO FERGPEMI(w 7 a7 7 — ) T-~A3—fifd, B M) OMHEERZLEET5
Z E BT o 7= (Luster et al., 1992),

W7 71 7 H L O MR HAF D VI e R M B ER T ~ T 2 7 1 )W K5 5l
HIERNBH O ENTWD, ~T H 27 v /L 80 pumol/L T, ¥/L A i ER O EEFH S I OV IL-2
Sy % e 2 L 7= (Chuang et al., 1992), 10-14~10-5 mol/L &\ o> 7= {RWRE T, V
IV DIFHERE L ONHERD & A U FHEMEO B2 B L 7= (Miyagi et al. 1998), 7 &
A DIfFPERIS L OHERA~D Z Ol E, ARITEIHIEIC KR 5 RO S RN E
IZBW TR 7o f&E % J 7279 (Chuang et al., 1999),

8.8 MIERIMT

FolEORBRICIBNT, ~FE 70 VIR RO vy —F e HERISHBEZH#H < (8§
8.2 ZH)MN. A AN ITMRR T 2 R CRMER 2 BT 5 2 &7, 135 0 ITfEwn
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HET, HEFPNE X UM ENH LN > TWD, ~T ¥ 7 a Vi3 dEd stk
RNAIETH D, BBNIMEEEEZ R L, DAIHEG S pss & F T 5, in vitro
TXY v 7Ty 7 v a UMRARNER 2 HE T DAL 2 TW D ~TF 7 L Ok
FEBURFT & R~ T ol OWFgE & UL FICRE# T 2,

~NTZ 7 aE Ty FORIEIFHIROE LOEETEOFEIN & 72 5 72 (Okoumassoun et
al., 2003), MALEFHICBID D Z ERMBNTND ¥ 7 FREDO—Th L FE X —F
PMRENT, ~T X aVEBER, TaT A ¥ —E C MAPK OIEMEIC 7 -
72 (Okoumassoun et al., 2003), Zi. 7 2L &L nNT vy NN TF s A %7 —F C
TEEEZR L7 2 & 2 50 L2 e 0RER A AT 5 6 O Th 5 (Bagehi et al., 1997),

~T7 52 7 1 (80 pmol/I)IE, b NEREEFERYE A R ML- DAL C ras @5+ ORBKT
< 2 EMFEA & TV 4 (Chuang & Chuang, 1991), £t b U U REREHW = 7
FIAREERBKIC BT 2090 C, ~ 7 & 7 v VIS i K ORI A E(BD) & o /32
% T ii#E L (Rought et al., 1999), pb3Bis 38l % T H#l#H7 5 (Rought et al., 1998)
B oTe, ~NTE I aNERITY v TR T —BMAPKI A R — K& X7 B O
FANPRE 2R T S 7223, 20X X7 HITREMBLD > 7 WARER KB 5 HE e
A TH % (Chuang & Chuang, 1998), MAPK OiEMAkiZ, ~F % 7 a)LinZzn~ A
N2 ERERIFT (R 2 ERPADT o E— 3 VER)DICHW LN RED 1
DThdHLEZLND,

AT X7 a VRN T, MR A X b & TR ER I & BE O T D EFAEA
fThivic, ~7 % 7L, S Wi~OMIT 4 HIET 20 LR G1 HloMlas EE s
52 & CHIRE I 2B T2 Z EDRD N TWDD, 2T A 7 U ARG —E8
cdk2 DA GEEEL) & YA 7 U ARTENER T —F cde2 DBiLA AR U ALEEHEARIZ BEFR
LCW5, MlESEITOET, ~7 %7 o VRGN TR SN TR h— &
Z N Bel-2 OETRIND LI, MRDOT R b — A Z5F83 2 etk n d 5
(Chuang et al., 1999),

T H T aTERIET v NFRIRRN T, BEERIERER T BFHEREOT R = A b
WNZF vl ¢ DA M NA~OHZRINZHEE L7z, Bel-2 IBESL, ~7 X7 a/L
DIFEE F T EF L7-(Okoumassoun et al., 2003)

PR AAEEIZBD D L BEZ BN D 2 SOEFERRERIT, RAKA /) F K 7T
IMMEERE S L OV AP-1 BIREHEIRFTHY, £DRNTT T A %7 —8 CHREE

R THDH, ~T X7 ARFY K1, 10, 20 mg/kg Z&EHZHM L C B6C3F1 I
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~U A invivo CERELIZEZA, AP-1 2 —B L T EFHIE LR S, T+ TR+
WoFH T a7 A4 % F—8 C A7 mi(e) BRI N HHIET 5 2 &R S vz,
DNA #EIEGEN AT mE— 3 2B 2 HERRKF)DOKIEZRTTER, ~F % 7 mL
TARF TR 3.7 mgkg OIEENELE-TIX 3 55 X006 RHREA T, 20 mgkg OREESET
1L 3 BXLVN10 HHF A TR D b7~ (Hansen & Matsumura, 2001a), ~ 7 A lele7 A A
Ml C~T & 7 VT RX v ROEBELRFI2L 2 A, RISk T 5% < OFEEH 50

FEAPEZ oo Z BNy, M7 e 77 AOEbERERL Tz, FrIrF)—

PR ERFZAMEREBENA~T S 7 0 VRN AT mE— a  OBEBERERK L THS

v, BERERE LTI PLC gamma 3L AP-1 @ B - & b ATREEN m o 72

(Hansen & Matsumura, 2001b).

Rought 5200000 #HIc LD e, AT H 7 u L EFRBEEKRNT KR =V AT 7 —F
CPP32 % LBy MR B TRl L7z, CPP32 {EMELME & LT DN AILFRIEIR %
JLE Y (doxorubicin) & #lAEHLE D L. 2 DOERANED bz, ~T X 7 aLid R
VY UMD CPP32 %A, IKIRE(5~10 pumol/L) Tl L. MR (80~120
umol/L) TIXH# I L 7=, Rought 5(2000)1%, ~7' % 7 v /WFKRE CIIREN AT BE—
a VERERZAE L, SRECIIEERIMFE LT R b= RAEFERTHZLE2H LN
Iz L7,

9. b b~

TanNg o BLORNTZ 7 a0z L TARCQROODB ST LI-ifEd 56, ~F
27 aNHABNINT Z T a )L TIRF Y RANDRBREIZOWTERH D WVIIBREFILTWVWAHED
ZIZADOLTINTH D, =95 LIEMREZLLTFICE Loz, FEMIZoW T TARC(200D1C
SLHEND D,
9.1 WERE
9.1.1 HEMIFSE

74T FOGHIEER 74 A(BL O 52 N Extg s Li-gi& T 8/, O F W,
RORIT & Vo T-iERIT, ~T X 7 a7 a )L X AW O MIETE L BEZR L TV

Moz, MiFE~T %7 v)LmREy FIEEX, 0.1 ng/g DBHIRALLTF~19.2 ng/g Mg T
- 7-(Mussalo-Rauhamaa et al., 1991).
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Table G: Cancer mortality study of workers exposed to
heptachlor in a heptachlorfendrin manufacturing plant,
usa®

Cancer Mo. of deaths SMR 95% CI
All tumour sites 18 10 06016
Stomach 2 28 0.24-10
Respiratory i 0.88 03215
system

Bladder 3 71 1.5-21
Lymphatic/ 1 0.58 0.01-3.2

hasmatopoietic
* Brown (1992), adapted from [ARC (2001).

9.1.2 MNARLERHFHE

KED~TZ 7 o VAEFETEEEEORTICEA L, —#HOPFEEIZBWToOR IThbnT-
(Wang & MacMahon, 1979; Ditraglia et al., 1981; Brown, 1992), AfElT 1951 4EIZA6F
. =¥ RV (endrin), ¥iF(chlorine), Mk~ 1 L > Rfg(chlorendic anhydride), ~
X427 mu s ar ¥ Px o (hexachlorocyclopentadiene), #ifl B =/L(vinyl chloride)
72 EHALE DI~ O FRIFFREE TR BT, HITEOFHA(Brown, 1992) T, 1965 4 LARTI ik
1K 6 » HIREET L7 A A S 3056 A% 1987 R £ TBBIRA L72(1 A2V BBIANEE), M4
FECHDS, KEBAABHEOHCENOEE SNz, ZOFMETIL, YRrOZEREMITA
FT&E Mo Tz, Table 6 (RGN ORI 42 RT,

BB IEER, L<IZvr T VEREERIT, F& LTyl TR DRE
RN T S 7 v N~ DREERTE 2 50T T 5 KECRIEHUR e ST 5 (Fix 0 R
(R FE L72)BME 16124 A5 72 % 2k — b % Social Security Administration(#E2> {7 &
JT) & National Death Index (A KDIETFLEN)D 7 7 A /WKL SH, 1967 4225 1984
12 A 31 HECTBRA L7z, 2T 1082 ADELRER S, €05 Hir 7 VER
BRICHH OBIEZETHUL 446 Th o7z, FHRBEROHEEEITHE SN TV, [FIEHEHE Ol
PASETHEUT 30 T, WIFFFETEL 31 128 LIBRIZETIIERD 5113 (SMR = 0.97; CI=0.7~
1.3), fho> EHEAE R T OREUE AL T L (SMRIENT A AU A% 1.68 T o 723, B A3 A(1.2)
BILOWEMSAQDTaR— F0FEkD EEHEIL Tuvz(MacMahon et al., 1988; Table 7 £
)

o

KENZBT DIER XU U BEOFEFIHRIFIE T, ~T7 % 7 a Lot O AR SR R =
A B ERBEIC L D25 & OBEENRHRE S 72 (Cantor et al., 1992), 7 A AT MD
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State Health Registry 72 & TNZ X % Y ZINDJFBE - JRBR A fidk 2 i A L T JEB] O iR
DTz, SR ORENDIX, FERVX Y LoNED Y A7 L MG oA #EESR
RIEIEOE 2 DIRED DX Y v v VS E (trans /7 v, ~T 2T an ~F
27 a)LTREFY R, A% 7 v oxychlordane]) D& FHEE 2NBE T2 & U 5 FEIL
115 B 727> 7=(Cantor et al., 2003)3.

KETAFTBLRI XY ZIMNOBMHE SR L LB OF4E T, [iip 578 #1(340 477
il & 238 FET-H) & %t iR 1245 Bl 35341 & 2u7-(Brown et al., 1990), BE~DUFE L ~T X
7 v Ui H ORI BEMEN GRS 51072(0R = 0.7, 95% CI 0.3~1.6)28, ZENEZ LD
A~ OZTICH L EEOFE I TON oo, ~T X7 (Bbr0NE7 Ly
D BV ~O i FBEE O EFIC > THIEORAEY A7 B LR35 2 & 2R3 7Rl
X720 & DfERRICE - 7-(TARC, 2001),

B DWFFE N AR R 238 OV PCB ~O B2 L iR A A O B 2 7R L
TWDEH, EITATH 7 a k ORENEZ /RS 5 D) TidZe (Mills & Yang, 2003;
Ritchie et al., 2003), AREEFRREIR(Y T T X ruL), YV RERT 7
JL7R A [diclorvos]), HEZZHI(EAL A F /L [methyl bromide]). H2W X R U 7 20 RBREHA
(v~ v [simazine)IZ HERAY EIRE CREFE L CWAKED Y 74 L =T MOt A=

7 RBERT, KIRERBEOBRR L A_TRHINRS A DIEY A7 3580 7= (AR
1987~1999 4£) (Mills & Yang, 2003), @\ 4 v XH(OR)DBHG SHizDix, ~F &7 n
M(1.85), Y7 u R A(1.35), vvY(1.53), VT (1.82)ThHDH, LinL, EEow
B~DREBTHDLIZD, ~T 27 a VBRREETHENIAH TH 5, Ritchie ©(2003) D4
TIE, 99 it HREGI & BINLIRAS A 58 JEFI T 5 ik & SHDFMIC K DBE~ v F o 7 M Thi
oo SER] & FROBIZ, B CHEIC XD BBIZAET R oTc, AT F 7 0 LR KFE T RS,

3 A CICAD O#&EH 51X, 1969~1983 FIZ K[FHEE/T(USEPA)® National Human
Adipose Tissue Survey CIUE S T=T—% &> hot MElFREIZHWT, ~7F¥% 71
NVTRF Y ROGHAPITONTZHREIZ OV TR L T D, MRINIERTF U
NED 175 FEH % 481 xHf &~ v F S W7, HAEMNRITBHIETETH Y (>96%), P
B ARl CKEWNORME#E, A/ RECOWT v F ST, FMEftE o274
JERAHIE, ~7F 7 a VR XY RRERT IV UNBICHEICHEBET S Z & 2R
U7z (e FEBDUSSAL & DLl « 55 3 U4y OR=1.82, 95%CI 1.01~3.28, % 4 lU/>fr OR
=3.41, 95%CI 1.89~6.16[Quintana et al., 2004]), AF#: A CICAD 5l CTH & S 7
MoleDlE, FEUIARZRICARI NN TH D,
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Table 7: Cancer mortality study of workers (pesticide and
termite control operators) exposed to heptachlor in the
usA®

Mo. of
Cancer deaths SMR 95% CI

Entire cohort of applicators (mixed exposure, including
heptachlor)

Lung 108 14 1.1-1.6

Skin g 13 0.65-2.2
Bladder 5 12 0.50-25
Lymphatic/haematopoietic 25 0.97 0E7—1.4

Termite control operators only (exposure mainly to
chlordane and heptachlor)

Lung 30 0.e7 0.7-13
Skin 3 1.2 04-29
Bladder 2 1.3 0.3-39
Buccal cavity and pharynx 3] 1.4 0533
Stomach al 1.1 04-25
Colon 11 1.1 0.6-20
Liver 2 1.1 0.1-40
Pancreas 6 1.0 0422
Larynx 4 24 0.7-6.2

# MacMahon et al. (1988), adapted from |ARC (2001).

FEB 14 $11(24%) & %1 34 11(34%) THRILAIRETH o7z, ~T' X 7 mL A ¥ FORE
THEL MBI EE 28 0.006~0.02 pgl/g 3 L OV>0.21 pglg DIERI T, FHHEA v ARz h
0.58 B L1 0.33 & Sz,

9.2 —RER
9.2.1 FH»BA

HABAFEY 27 O LN, & N OFLIRIENHEESCIME F COAER REEOLHE L
BT 2D TILE DIFEDNRITEE > TWDHD, BIED L ZA Z N AT HRHLITIE E
h E72 (Hoyer et al., 1998, 2000; Ward et al., 2000; Zheng et al., 2000),

Bt ot <, HIRIENMFRGEI T O~T 2 7 a2 AR v RIBENRARAOKELE B

MR O THE SN, ZhbD 9B 2 H0i#E (Mussalo-Rauhamaa et al., 1990;
Falck et al., 19925 806, ~TZ 7 a LRI R EHN A E ORI RIE S
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72HDOD, WA TITINADOREICA~T Z 7 a L L0 8 < fHRET DRI N LD 05
VRS TIRD BT,

fDFIEDS, DA EANTZ I aRoNT Z 7 )L TR X v ROMLIE & 2 WOl R A
EE LT A (Table A5-11 2/8), FUrd 2 fFOFRAE T, (i, /i A E S LS AJE
BT L 0 munZ &3 o 72 (Dello Iacovo et al., 1999; Mathur et al., 2002),

9.2.2 ArEFEM

KERIFE R T % —(CDCP)D e REFEW 7 v 77 M Lo TIE S, bt
DERR LT 7 —Z i bR S vz, FERERERTE 23 FEOF AR 4 RIFH) - HUIgR1IZ
BT LIZE ZAH AT AT 75T 1981~1983 (Tl A 2EAL B MHFI~T & 7 1 )L &
S THEREIN TV, §6.2.1 2I)ICITER TS BER EFEIRD LN - T,
ZHUE, AT 7 EOREREDIAETR, 7o b ONTERPIEAE Ligho oo NI A5 EB &
OWEKDOFAERE OIS LD ThH o7z, DIIME R X OWRBEHIN A OR AR E
FPASENTHo T2, ZHTEBEL D BWRHIZBNWTTH -7z, 1981~1982 F D 2
FERNZ, 19159 hOHECHT 7 B TOHED 68%. o ~T A #5 TO4H 8663 1F])
WERBEEER T 0 77 Mot Shic, ARAETIE, A7 7802 < OERBERITIT
NT LT ) R®ETE L TWRD o L CRRLIEER) &) 0 BBERLOBSER S o 7272,
T D% F/MRIZE 2 TV A (Le Marchand et al., 1986),

MO 2 HEORENRLT 7BICBTH~TE 7 a LV EHFEar— R efXT05,
Burch(1983)1%, 1968~1982 4E D HiA: « SETC « BRIBAEISFERAE 2 W T, HPERRIR O
AT, WM L AT 1982 EOHERIFICABEREITALN RN T,
Grafton-Wasserman(1988)i%. 7 /L7 & T 2 » FTDER Y v ¥ —|(2B 1T 2 JEEL HE
DERIF A, 1978 4R35 LN 1979 D HHPERR)F & bbk U7z, ARRHAE | SRR, PRI
O NRZRITA N> T, BAFZRBEENFHI I TWRNWTD, 26T X TOH
BITITRARH 2D,

9.2.3 MRER~DEEE

Hoffman(1985)i1%, ~7' % 7 v /LR ¥ ¥ RN TR Z I L CHRE LI- O &
L. KEATAMAT 7 BT 1982 FIZAEENT-AIT 120 A OREREAFEAM 2 s L 7=
(Baker et al., 1991), #8169 NORFLHFA~T ¥ 7 o )L =RE v REWREX, 123 ng/g
JUB  Ch -T2, BILFA~TH 7 o mREy N L HARKERR, ERHIK, 8
DOMNCHEZRRRBEBRIRBD bNTc, HERFEHITNTNORBREE L GHEEAL TWRdo
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77o LU, 1TENVESN 48NS » ARFETHEETH 7225, 1888 L3836 » AKFET
X% 9 LT T A B ivZe h - 7= (Hoffman, 1985 ; ZEHIAREH),

BFIBYERF IR NS WA T 7 B O @A 332 N BAEAME L, 47 7 B4 EN TIE
RO 1AL RIBIZEA TS ERAE 113 AGHEZ L—27)T, s8R T
Nic, M7 N—7T, Fp, P, FECTHITH-RSE REECHE~ v F v 7 MT
bz, BN E LS EREEZ~T X 7 0/l mREy v REFEOBEOREL Lz,
FRERATEN FAIBAER L OG22 720, SEIERT A MoEE, FEMED
R 72 D ONCEET OB & B & 21772 o 7o, HEIK - TR L= 2 A BATIC L 5 &
AT H T ) ERF Y RAOIER R T, & ICHSESTER. AR, EE) G
WV o AR ZAEE N DMK L | ATE EORENR S Z MR SN m, RO L R
7 B — A D FGETRIE CTIXsR WV EIME 1L A B AL 72 > > 7= (Baker et al., 2001, 2004, #f
HIARB)

Hertz-Picciotto 5(2003, 2004)(%. 1964~1967 FIZKEH U 7 4 =TI 75
PAA e R_RA YT THEENIZ/NR 399 N, HEETEMRAHEET XA FoLr—T <= Y
v 7 A7 A h(Raven’s Progressive Matrices), 72 b NI SRERET A O Y —RT 1 faH
7B T A b (Peabody Picture Vocabulary Test) & fVT 5 & ICHRA L, fERZHE LT
W5, SFEIEREE S THENTONT, T A MERS, NEOREHOEIRS — Wk
L O ZHORGFMEREFO~T 4 7 o)Ll v RRE L SN, ~T %7l
TRFYV FREZ, L=~ v 7 AT A MOEAST EABICHBEL TR, ©
—IRT AAREGEHET A SO A a7 LIFBMRL TWiehodz, L—7 T X T, BTV
IZ PCB #5805 LBENEZELIIETL, ~7 ¥ 7 aLmRx v NERBAREDRIZAD
NDWTILOFBEMES . PCB & 5 WIIRHMER O LR ~DORFREIC LD LB b
(Hertz-Picciotto et al., 2004),

9.2.4 Juss/mEs R

NT BT aN ST Z T a R FE Y RICHE RSN TE 2R & WMWEIC X
DGR A RA TV DMRIR LR L /NRIT, & UITEEEOmWER L Bbnd, &
T 7 BERICET 2 REOME(ERES ) & fatE, feEwEME. AT RARA Vb
BT 2B O EF DT — 2 (§8 BINL. ~T X 7 m L REL LTI H LIt
AVENIAER T 2L WETH L LI L TV D,

MG &> i AP I EERE D ~T X 7 oL BMERE L THE STV A(§
6.21 B L O Table A5-12 &), X 52, BREOA~T X 7 o)V PNEFREER L ORIEFI
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WEIN ML H5(8§6.21 ), BEFOKRE, AR, HENRZORFEEN LT, M
R DV R ~DF @%%ié@fi@Vﬁ&@%ﬁ@%é

10. EREZEBIOCBRRRAOEY~DEE

10.1 /KAREE

AT XN OREEEEINCT D70, S E S EREEERANRET KT AR
IKFE & HEPERR) T < o OFBR M T, D% Table 8 1 X Table 9 (Z/R L7z,
IS OERPIINE LT X ToRERIL, CICAD $ELENEERR L L GREALE LD T
&5, USEPA(1980), IPCS(1984), Fendick %(1990), 35 L U8 ECETOC(2003) D i #i7s
LB a—|ZiX, M7 —ZNELDbil, =iz Ay ERFELNATWS, LaL,
IHHDEL ORBRITITIF L A EMEN R NDIZ, ~FZ 7 ard, H5WIHLEYE
BLONTZ 7 aLrEate THER LT OOIEENIE ST, Hnl~TZ 7 Lo
ERRENFEE SN T (T hbb AT Z 7 u B IO a2 S T SERBET
G TEM VDY) AT HZ 7 aVOIEEY - AYRITE IR 218 U BB I T,
H L <IERABRICAWEREN~T X 7 o VOKENZ MG L LRl CWizizbTh b, £
Nz, FEFNIAF(ET 2 RE 2MEDN, 2 < OLA TR MEOENTIE R R DIES
DXL DAREMENR S D OEHWTT DO T LV,

Leigh(1969DIC X % &\ ~T % 7 o WVITHAEMBHC IR A RIT S 720, LN LR D,
AT H T a VISERTEE R E L TR & B R T D 72O OFEEE & 7 23 BRIITFAE
L7auy,

ANTHE T a T, EEHE, EEHEENY . R C S F X F KR X OMEERE T (2%t
L CH S HEMEA R (Table 8, Table 9 33 X% USEPA, 1980 THEENI-F —4;
IPCS, 1984; Fendick et al., 1990; ECETOC, 2003 £:/4),

PAKPEBEE S OV VROKMEEEOAR IR E bl AT 7 il > CHES N,
Ll RonleTr =212k 5 &, HKEBBEITH 72 KFE 1 i Pseudokirchneriella
subcapitata X 0 {KWVEZ M AR $ X 5 Th 5 (Table 8 35 L Uf Table 9 1),

YKF TOMARMEDBEBHFHERIL, & bIcA~TZ 7 u )Vl Lo TEREZZ T 5, 351

HEEIRFEPIC X AT Y | Schimmel & (1976) 0357 26~30%0 Tt L7zt 7
v 2 Y 7 (Penaeus duorarum) D ik LCs0(96 ¢ IX 0.08 pg/L ThH o7,
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FFEECRE & kf 5 & U 7= 3Bk (Table 8 & Table 99T, I < filt# s S 7= LCso(48 ¥
A v Fa— a3 )%, HARD XX B (Oryzias latipes) TRRE I NT-~T X 7 )L 14
ug/L T& 5 (MITI, 1992), Schoettger(1970)IZ L2 EDT —X LD L, TA—F )L
(Lepomis macrochirus)® LCs0(96 RfEA > % = _X—13/ 3 )3 18 pg/Ll EFEIL Tz
73, Henderson ©(1959)73 (A8 CT#iss L 7= LCso(48 BEf)IX 23 png/L. LCso(96 FEfiIZ 19
ug/L Toh -7z, Macek 5(1976)1x~7 7 v b~ R/ —(Pimephales promelas)% 1T,
LCs0(10 Hf) % 7 ng/L & ¥#+5 L7z, Macek 5(1976)i%., 60 Hfi NOEC % 0.86 ng/L & #E
iE L72, Suter & Tsao (1996) & ECETOC (2003) % 1%, Macek ©(1976)I1 L % #Hs5T —
Z e N Totr 21T -7,

HRGEAM T Tl IRMEIX AR > b2 v—h —(Leiostomus xanthurus) TS5 S 7=
E LCso (96 KR 0.86 pg/L(Schimmel et al., 1976) T 5, L#>L. Hansen &
Parrish(197M1%., v —7 A~ K3/ —(Cyprinodon variegatus variegatus) T2 LCso
(96 FFf) % 11 pg/L & L, MM BRRAT 2 18 M D/ = v LT A 7Y% A 7 Lik
R ClL LOEC % 3 ug/Ll & L7z,

< i, Okoumassoun 5(2002)1% =~ A(Oncorhynchus mykiss)% AT, ~7
% 7 and ECso %2 BE L% 45.5 mg/L(122 pmol/L) & & L=, Z Ofiid. #lREIZH 5
TR UREFEAD 1T B-T R T VA=V DfE S % 50%EE Lo, FXA R
ZIELTWD, "I Er7uanid, ©T7nalr=UERERER L holcizd, = A has v
ERZ bW Z &R LT, UL, 1TB-TA T VA — L OFRGEBEERIT, ~
THE I BVINT A NaFURRIRIND 17TB-T A T U= E BV R o
o B BEARBAEAI TRV E b LT, 1T -T A b T U4 — Ikt 5 T
DRI HRET L2 2R e, LIER->T, FEEDLIT 1TB-ZA M T VA — )L &R
EOEFRMEEREZ, ~T X 7arBdhiifsE0Ex %2R Lz, TUIXE-T, ~7¥
JaVFRBETZA MRS URIRERD D EEZ LD,

10.2 RFEAERE

AT VT REICH L TR REOEEZ R L, BEREHO LCso 13 90~#) 500
mg/kg KE T % (Table 10 DHFHFIZHM), Podowski H(19791%7 v b 72p R EM 2T -
WFEO4 H o> 24 FF[H LDso & 71 mglkg RE & o L7z, Lav L. BRABREE T O fFRAY
FHEWM CTH L~ A0 X722 BT - B THds L 72 LDso 13 40~#J 162 mg/kg &
HTHY, ZLOLEERBMEOMENFEINTE LT, RoNEOEY Loxtg &
LTV 8 &), LL72A 5, Okoumassoun ©(2003)1% = < &iTiZ72 > T, T v
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Table 8: Toxicity of heptachlor in freshwater aguatic organisms.

End-point (effect other than

Species tested survival) Concentration” {migll) Reference

Green algae

Pseudokirchneriells subcapitata (obd name  08-h ECe (growth inhibition)  0.027-0.04" USEPA {1880)

Selenasfrum capricormudum)

Invertebrates

Midge [ Tanyfarsus dissimiiis) 48-h LCsq =25, as no mortality was Holcombe et al. (1983)

observed [nominal)®

Mosquito larvae (Culex pipiens LCss” 0005 {nominal) Lu et al. (1875}

quinguefssciatus)

Water flea (D'aphnia magna) 48-h LCsa 0.08 {nominal) Macek et al. (1078)

Water flea (Simocephalus sermulatus) 48-h LGy 0.047 Mayer & EBersieck (188G)
48-h LCsa 0.0e Mayer & Elersieck (1888)

Amphipod (Gammarus fascisius) 24-h LCsa 018 Mayer & Elersieck (1288)
96-h LCsq 0.056
24-h LGCsa 0.14 Mayer & EBersieck (1888)
96-h LCsa 0.04

Amphipod (Gammarus lacusiis) 24-h LCsn 015 Mayer & Elersieck (1288)
96-h LCsq o.oze

Crayfish {Orconecfes nais) 24-h LGy, 0.0024 Mayer & Elersieck (1288)
96-h LCasn 00005

Grass shrimp (Palaemonetes kadiakensis) 240 LCsn 0.03 Mayer & EBersieck (1884)
96-h LCsq 0.0013

Stonefly (Claassenia sabulosa) 24-h LCsq o.opg Mayer & Elersieck (1288)
96-h LCsn 0.o023

Stonefly (Fleronarcels badia) 24-h LCsa 0.006 Mayer & Elersieck (1886)
98-h LCsa 0.o0004

Stonefly (Pleronarcys califormica) 24-h LGy, 0.0Ds Mayer & Elersieck (1288)
86-h LCy, 0.0011

Snail (Aplexa hypnomm) 96-h LCsa 1.45 (nominal)™ Holcombe et al. (1933)

Fish

Japanese medaka (Oryzias latipes) 48-h LCsa 0.014 {nominal) MITI {1882}

Bluegill sunfish (Lepomis macrochins) 24-h LiCsa 0030 {nominal Henderson et al. (1250)
48-h LGCsy 0.023 {nominal
96-h LCsq 0.018 {nominal)®

Bluegill sunfish {Lepomis macrochins) 24-h LCsn 0.083 {nominal) Schostiger (1870}
86-h LCsq 0.013 (nominal)

Guppy (Poecilia reticwlata) 24-h LiCsn 0.16 {nominal)™ Henderson et al. (1250)
48 LCsy 0.11 {nominal)™
B6-h LCsq 011 {nominal)

Fathead minnow (Fimephaies promelas) 24-h LCss" 0060 {noméinal* Henderson et al. (1258)
48-h LCy" 0.058 (nominalf
B6-h LCyy" 0.056 {nominalf®
24-h LCsn 0.087 {nominalf®
48-h LCsy 0.084 {nominal)®
98-h LTy 0.024 {nominal)®

Fathead minnow (Fimephales promelas) 240-h LCsq 0.007 {rnominal) Macek et al. (1078)

G0-day NOEC (growth)

0.000 86 (nominal)

48



Table & [Contd)

End-point (effect other than

Species tested survival) Concentration® {mgl) Reference

Goldfish (Carassius awatus) 240 LiCsn 0.52 {nominal)™ Henderson et al. [1250)
485 Lisy 028 {nominal)”
98- LCsq 023 {nominal

Rainbow trout {Oncorfiynchus mykiss) 24-h LCsn 0.o3z2 Mayer & EBersieck (1888)
B6-h LCs, 0.032
24-h LCsy 0.044 Mayer & Elersieck (1888)
96-h LCsy 0.043
24-h LiCsy 0.o1| Mayer & Elersieck (1888)
98- LCan 0.oo7
24-h LCsy 0.011 Mayer & EBersieck (1888)
96-h LCsy 0.0071
24-h LCsy 0.011 Mayer & Elersieck (1888)
B6-h LGy 0.0074
24-h LCsy 0.0023 Mayer & EBersieck (1888)
96-h LCsy 0.0D8

Northern pike (Esox lucius) 24-h LCsy 0.008 Mayer & Elersieck (1888)
98- LCsn 0.0062

Redear sunfish (Lepomis microdophus) 240 LCss 0.034 Mayer & EBersieck (1886)
96-h LCsy 0.017

Fathead minnow (Fimephaies promelas) 24-h LCsn 0.063 Mayer & Elersieck (1888)
B86-h LTy, 0.023

Channel catfish {lcfalwrus punclatus) 240 LCss 0.028 Mayer & EBersieck (1886)
96-h LCsy 0.025

Black bullhead (hctalurus melas) 24-h LCsy 0.0B6 Mayer & Elersieck (1888)
B6-h LiCsy 0.063

Largemouth bass (Micropferss salmoides) 24-h LiCan 0.01@ Mayer & Elersieck (1888)
96-h LCsy 0.010

Amphibians

Fowler's toad (Bufo woodhowsei fowder) 24-h LiCsy 0.544 Mayer & Elersieck (1888)
98- LCan 0.435

" As heptachlor can evaporate to some extent from and react in the agueous phase and therefore reduce the actual concentration of
the test compound ower time, we specfied (in parentheses) whether the values given were based upon nominal (initial expenmental
concentrations) or effective (loss of compound checked and accounted for) concentrations if such information was provided.

* Range of values due to different proportions of test substance abiotically transformed to hydrocychlordene in water.

Technical heptachlor (containing 85%, T2%, or T4% active ingredient) was employed, and given values were adjusted comespond-

ingly to account for the amount of active mgredient present.

Time not specified.

Data obtained using hard water (calcium carbonate concentration of 400 mgh instead of 20 mg).

MFRIRE T~ % 7 e LV OfilESEEZET L TW\Wb, AT e Re s b —E7 vtk
A ZHNT, FHOIXRE 50~100 pmol/L(T 725, £ 19~37 mg/L, 24 33 LT 48 IFf
A v Fax— 3 ) THLRMEEEZ R LT,

11. REFE

11.1  fEE~DOEEFAMH
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11.1.1 fERAEERORE & BRSO

AT R VIO THENOARSIZRIN S, BHIIATZ 7 aLlmRldy RE
MERBE B END, ~T 77 oL R Ry NIENMERRICERE L, R EET 5
ZEMFEH SN TV D, EBIT, ~"TZ a7 Z ) RE D NI TR
Shd,

T HE 7 a R, in vitro 3B X in vivo BAR TR TR IE RN KIS A T, T
27T )L in vitro TXx v 7% 7 g UK 2 THET 5 & ORI 2 T
W5,

B EBR (1) D FEIR R 2R 1 AR R IR SRR LR 25 ST, A X, T v b,
~ U Z0EHB LORBOWRER T, I ENEGE L3806,

NTHETaNEANTE 7 a)VERE Y ROREWQA : 3%, 1, 5. 10, 25, 50 mg/kg
DOHAET~ Y A2 30 AMG 2 I-4aeERBR . HEIERSE L7 IFIRO MR B2 20N
FEFULMER X O R AE SO %45 NOAEL 1 1 mg/kg T® - 7-(Wazeter et al.,
1971a) [NOAEL = 0.13 mg/kg {K&#/H],

A XD 2 EMFGEEABR T, ~TF 7L RE R0, 1, 3, 5. 7. 10 mg/kg ZRAH
P LT, FHEICRATE U= IR O RS P2 19 2812 %t 9% NOAEL 13 1 mg/kg Th -7~
(Wazeter et al., 1971b, 1971c) [INOAEL = 0.025 mg/kg K&/ H],

Z v N OAFERER T, RHATEME & s IR AR (R E 0 B oD f B R AR IR &
727 7= (Smialowicz et al., 2001) [FE{AFE:> NOAEL = 3 mg/kg R&E/H], 1 #0iRER
TR OB PR bivle, TRTORRICEBNT, (FOHAEBRFETR S - & B
HRPT R TH o T2 [F O HAERT « ATk % NOAEL = 6 mg/kg {K&E/H], Ihgo
MR A XTI THE 59, NOAEL (X5 TRV EEZ BN D,

fear Bl S o T,
FRERILDIEIEDN, 7 r VT RBHEIC K > TRELEZT D 2 & 2 REils i 2 <
WHo T X7 VDRAERGIZ L > THET v MIENLREIT ATEIOZA L, R BE

H AR ER 72 £ CTH 5 (Moser et al., 1995) [NOAEL = 2 mg/kg K&E/H], Z v & 135!
2, 7y hEA~7 %2781 0.03, 0.3, 3mgkg (RE/HIZHAERTRE LItk EERER T
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Table 3: Toxicity of heptachlor in marine aquatic organisms.

Salinity End-point (effect other
Species tested (%) than survival) Concentration” {mgil) Referance
Green algae
Dunalels tertiolecta BE-h ECs: (growth 228 (nominal) USEPA (1280)
inhibition via biomass)
Skelefonema costafum Bi-h ECs: (growth 0.093 {mominal) USEPA (1280)
inhibition via biomass)
Forphyridium cruentum B-h ECs: (growth 027 {nominal) USEPA (1280)
inhibition via biomass)
Invertebrates
Horean shrimp {Palfaemon 26 B-h LCsx 0.015 {nominal) Schoetiger {1870}
macrodactyius)
Pink shamp [Fenaeus duoramm) 20-22 BE-h LCsx 0.000 11 {measured)® Schimmel et al. (1978)
Pink shrimp (Penseus duoramnm) 26-30 BE-h LCsx 0.000 03 (measured) Schimmel et al. (1978)
Sand shrimp {Crangon sepfemspincsa) 24 M4-hLCsx 0.11 {nominal) Eisler {18580)
48-h LCs 0.023 (nominal)
BE-h LC 0.008 {momanal)
Grass shimp (Falaemonetes vulgans) 24 24-h LCsx =6.5 (nominal) Eisler {1880)
48-h LCx 3.3 (nominal)
BE-h LCx 044 {nominal)
Hermit crab {Pagurus longicarpus) 24 24-hLCsx 047 {nominal) Eisler {1880)
48-h LG 0.10 {nominal)
B6-h LCx 0.08 {nominal)
Eastern oyster (Crassosinea wirginica) 21 B6-h ECss (shell growth)  0.021 [nominal) Mayer (1837)
23 BA-h ECy, (shell growth)  0.017 {nominal) Mayer (1837)
26 B6-h ECs (shell growth)  0.0015 (nominal) Mayer (1837)
Blue crab (Calinecfes sapidws) 27 4B8-h ECsx 0.088 (momanal) Mayer (1887)
(immisbilization )
Mysid shrimp (Mysidopsis bahia) 23 B6-h LCa 0.0034 |measured) Mayer (1837)
Grass shrimp (Palaemonetes vulgans) 26 BE-h LCy 0.0011 {measured) Mayer (1087)
Fish
Siriped bass (Morone ssxallis) 28 24-h LCsx 0.023 (nominal) Schoetiger (1870}
BE-h LCx 0.003 (nominal)
Spot croaker (Lefostomus xanthurws) 21 B6-h LCx 0.000 85 {measured)® Schimmel et al_ (1975)
Spot croaker (Ledostomus xamnthurus) 20-22 BE-h LCg 0.000 BE (measuned) Schimmel et al_ (1978)
American eel [Anguilla rosfrada) 24 24-h LCg 0.071 {momanal) Eisler {1870)
48-h LCs 0.043 (nominal)
BeE-h LCx 0.010 (nominal)
Northern puffer { Sphoeroides 24 2M4-hLCsx 0:24 {nominal) Eigler {1870)
macuiatus) 48-h LG 0.12 jnominal)
BE-h LCx 0.19 {nominal)
Pinfish {Lagodon rhomboides) 25-31 BE-h LCsx 0.004 (measured)® Schimmel et al_ (1975)
Sheepshead minnow | Cyprimodon 21-25 BE-h LCy 0.004 (measured)” Schimmel et al_ (1975)
vanegafus variegatus)
Sheepshead minnow {Cyprinodon BeE-h LCx 0.011 [measured)” Hamsen & Parmish
viariegais varisgatus) 18-week LOEC 0.002 (measur=df (1877}
Striped mullet (AMugil cephalus) 24 4B-h LCx 0.0033 {nominal) Mayer (1837}

*® As heptachlor can evaporate to some extent from and react in the agqueous phase and therefore reduce the actual concentration of
the test compound over time, we specified (in parentheses) whether the values given were based upon nominal (nitial expermental
concentrations) or effectve (loss of compownd checked and accounted for) concentrations i such information was provided.

ingly to account for the amount of active ingredient present.
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Table 10: Toxicity of heptachlor for birds.

Concentration {mg/kg body

Species tested End-point weight) Reference
Mallard {Anas platyrhynchos) Dietary® LCs 480 (nominal) USFWS (1975)
Ring-necked pheasant (Fhasianus Dietary® LC s 224 (nominal) USFWS (1975)
colchicus)

Japanese guail (Coturnix japonica) Diatary® LCx 93 (nominal) USFWS (1975)

? Dietary LCso values hased on active ingredient present in technical-grade heptachlor in ad libitum diet calculated to produce 50%
mortality in 8 days (5 days of diet containing heptachlor followed by 3 days of normal diet).

L, BfEETHEREN., GABA /FEMEMREEZEDOZE(L, 25 VR AREZII LD & T
DR TENEAL D3RI S 7= (Moser et al., 2001), #iitT — & OHE L7223, LOAEL
1Tk % 5< 0.03 mglkg (KHEH/H THoT= B2 HND,

EFRBREIC L E, ~7Z 7 ar~oHARTEZEO, 0.03. 3 mgkg AE/H)%IZ,
b UIARIMER SO — IR E L O IRIEE O SSSHil S v d 2 & B Ef S iz,

TERNTH 7 vV RS U2l BEC3F1 ~ v A Tidk & bIo, FFfIE A0S &
IIRAFE L CE o TRBEEICRAE L, RERINE L BIE, i~V AT 6 BLU 14
mg/kg, Mff~ 7 AT 9LV 18 mgkg TH->7-(NCI, 1977), Osborne-Mendel 7 v T
I XEEEIN R H B A T 39 B LU 78 mg/kg, MET 26 B XN 51 mg/kg T, IFS AL
BE SN TWRWNCI 1977) [INOAEL = T 39 mg/kg (= 2 mgkg AHE), T 26
mg/kg (= 1.3 mg/kg (AFE)], RRBRIZIIAMHRH Y. T MIBITFDIA~TH 7 a0 n
AVBRIFIERE 3 C & 72525 72 (JMPR, 1992),

C3H ~ TV RIA~THZ I alH b0 E~T X 7 a)LohREy Ke 2 FEMIRHE 5 (10
mg/kgl= 0.5 mg/kg KED L= & 2 A, AN ADRESEEN~T X 7 a )L TrilEo &
2. "7 A7 RE Y R CIEMREE HICAEIZEI L 7= (United States Food and

Drug Administration study performed in 1965, summarized in Epstein, 1976)
CD- 1~V RIIATF I apb~nTZraLixy ROREGWE 18 » A MG 2 7o# Bk
T, MRS A LTINS R OB RIS ESE DS 10 mg/kg 1REE[= 0.5 mg/kg R EIH5-FE DO Hf

HETHEIZH L 72ORDC, 1973),

~ AW =y —y g aE—y g 0 RBRTIE, M= ke YU F LT
VBN ANTE I a VB RETD . RIS A DOFABEE B EEI L7,

ARSNTOLEFHEIL, & b~DORBELAT YT v VRGO S 72 BEEME 2
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R ZEIXTERDST,

11.1.2 ~FZr7an/ ~FEr7aliREy ROMEBRE - BEOREEKRE

ANTHTaNDe hA~DEBIIET LT XTI RS ThHS, TOD, IAEERE
T — ZITFEDSNT WD,

~7H 7 anE, 0.5 mglkg REU EOHE T U RN AMEZRTZ ENDoT,

Ty MIIRBAMEEZ RS2 oTlc, v UAFTIEIRRP/ATrE—F—& LTHERT %,
~ U A ORI TBEFIEA T = X AL > THERIN D ATEEEITD v, Zhp 212,
FEMES MR (IR ORI B P B b, PRI S0IE S RR ) DM 248 B
OFMEAEL L GRIENTE, T ORBIRNAMEANRAZLONZREORBLZ 1/20
THE SN TN D,

WRE . BRER O, R TSIV A~TE T an / ~NTE T a T REY RE 2 -8
TlE, RO HENGHBER Y ¥ —7Th D,

RN DA EE PRI RIS 2 6 o & B RV NOAEL 13, A X &2 Wi T 6
7=(Wazeter et al., 1971b, 1971c)(f@k} 1 kg F~7"% 7 2/ 1 mg=0.025 mg/kg AR E/H |
FEHER DN DR, 7 v M FW o Bl O3 R FEIE T K OV 7 a0k CiE, 0.03
mg/kg A/ H 7Y NOAEL & %\ i LOAEL & L CHE SN TV 5,

& NOAEL @ 0.025 mg/kg R/ H 244454 2000 E/# #1210, FERNAMEIZ 10, 7
— HR—=ZDAHIZ D& FAND & v hTOIEFRD ARG DA EEIT 0.0001
mg/kg AR E/H(0.1 pglkg KE)IZ2 5,

11.1.3 U R 7 O#EHIER]

BiEoAED ., @E 10 FHICBIT HEBHERAONTZ 70N /~TZ 7 ) oRKE s
REREZHEL TWDH(§6 ), LD BFIZLD~TF 7 u B IONTZ 7>
RE RO 1 HEREIT, 72L& 23R =7 FTid1 A%729 0.51~0.58 pg(Falandysz,
2003) EHEE L CW A CEEAES 64 kg EAET S &L #90.01 pg/kg (KE/H), = OfEIL,
MHAEEE 0.1 ugkg KE/HD 103D 1 THDH, ZORETIE, ~T X7 LB LUAN
7H 7 a T ARF U ROFEBRJRIL, W, RS, BB B 2 o, Lol
IGRA D B AN D FSEH(TZ & ZIZR U TNVBIRA 7T T a2 o VA H, B
L d Goksu TV Z D6, BT 0.1~1 mg/kg DREH V), ~T X 7 a )LiEYA
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2> BIHE S 2 B (R 16 mglkg), & D WIXIERAILGE & 21X e R VDX T — 1T
I% nglkg *5’3};?\ A F\0)7‘/’(’7\5’/'J||‘/ﬂ74'7~/1/m’@&i mg/kg FEEE)D X D IZ&HNn
HYSITND CBERBO 1 AEREIXE L NIIEL 2D, HHEMORBIHER
%, RS )Xﬁ%ﬁzéT EVED D D,

ANE BT LRAMERICLD~T X 7 ard 1 BEREGEEZ I E DT
FEO 1 HEEREAL 150 gkg (KHE, RAOFHRENEAH &% 3.1% L 487E L7z Alawi &
Khalil(2002) 07 — Z (2SS EFHHE T 5 & | S 0.67 pglkg (KHE Th o 72, 2000 F2F1F
LHHDO~T 2 oKXy RO 1 BEREILFY 1.5 ugkg AETH-7-(Alawi &
Khalil, 2002), #ERENIELWE T 52 01E, ZH00 OBEITMAERE LY 10 FLL
Evm<, BashsMETH D,

11.1.4 ERED X 73BT 5 Rt

~NTHETaNDe hA~DOEBIZEET AT —XIIAR 0 Th D,

k% & 72 2 BT, B EEA R E AL E(GLPIC ¥ U CT b 7 falt OFBR Tl
BV, BEELPAFTEROVEVRRT, KON Ao RARBEETH D,

7 v bW O RN L O mRERIC L > T B L RIEAEIZR W
THBOFEHAPBO LN,

—EOBREGRETIX, MEESEIIATZ 7 n VERICE DO, EiRD D WVITEHRRA
ZEZ KD DNTEDN TRV,

MAERET 1 WE TR SRS, £ < ORBERN O IT, @ TR OB Y E (i
DA & ﬁ%ﬁ%ﬁﬁﬂﬁ757mw@m7&7mwiT%/FiD15# ARy ¥
THELTNDZ ERDhoTWND, TN XIZ, /EY A7 OHEEIX 1 BT TIxT
7 ZLIFTET, LKICTDEYH L WITHE TR SN D —EDILEWE L EERIT
YN

11.2 BRE~DOEEF(H
ANTR IO ENTHE T RF Y RIERENE L BERTOLRR., Kk, B, K
BEWol2d _RTOar/N— kA2 MMz T, lWER)., FEZOMKESY ., Wit

FHENCHH, B E T DN, KA - BAMIIHTH Ao0->TWnd, & IV I
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L ROy, £ CTERET L, BYWHEEHY b ~BET 5,

11.2.1 KAERE

NT TN OEERBREEa = N A NI EEE THY . £ LI T
FFEEMHIINC L > T o D LB, AEMIZ LD RMEEBITE Z v iz v,
L7eid o T, MR H 2 WITFEEMIBREMELE SR VRILTIE, 2 OB ARG Y
WHERZNG 2003 R— Ay NCRINFARRIRE CHET 2 Ex2 0605, Ll
RIS 5, FIMWREZR T — # T, ﬁﬁf@%éﬁ#%ﬁﬁmméhfwémf&ymw%:
O3 NERER 5 DETHREI STV D) EEICERT H 2 LIERATRETH 2.,

FIRIZ L > TROTZAEMRNET — 2 BLOHIE LT log KwlBrH, ~TZ7aLex
DTRF Y KRG CEWEYERENEO bND, B L BERAE R, R AERE
DEWNWZ EERLTWD, LIEEno T, ~F 7 a)VZ T AKIZIZES I, K4E

BRETN CTOZONAFT A Z )T TR - RWESCRTEEBWE OTFE F TN S
AHRIBRE D 0 LIL7Ru,

‘?ﬁﬁék‘i(ﬁiﬁﬁfgfﬂn'ﬁ“@ WIAT X 7 oV R A fEEHME A R TIETRO L 2 &
MTELN, TNEARIZLTCWVDIDET —Xy "R KREIZHDLTZDTHDH, Ani-h
s % Appendix 7 Zﬁiyiﬁ‘éo

WARERBEIZXKT LTl FREHEDRREIC 28 OFT — X KA v " EIINT, #EEB IO
FRNE O BIRELHE A Appendix 7 IZHRT 5, T b ORI BRI - 1BM 5
PEE O 10 2 AV TEMEEMEEICZE R STz, 50% DEIHE T 99% D2 fRi#E L 5 515
SHEIX, ~7 ¥ 7 v 10 ng/L & HH &7z (Appendix 7 @ Figure A7-2 &),

WERPEBR BRI L ClE, 18 DM A W ClRBRICHISHMEZ F I L7z, S BIZFELWE#R
[ZOWTIE, Appendix 7 72 5 N Table A7-2 2D Z &, 50% DIEHEE T 99% DFfi &
B L 95— RINZREHMEIX, ~7 % 7 v 5 ng/ll EHH S 7-(Appendix 7. Figure
A7T-3 B ),

KAEBRBEIZOWTO Y 27 OMAHIEIL, ~T7 X 7 Lo R E GEREE) & FeHE
DEEFRE LTIt D, ~7 %7 aVOREF~OHBUIET 27 — X I RERITH
DENH DD, Table 11 THIKAEREFR COWMERE D LR - TRAEGEEM TILR0)
BLOBEEEHEICE S X, U A7 OREHIER % ik L T\ 5,
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Table 11: Sample risk characterizations for different aquatic
envirenments.

Measured concen-

tration (MC) ran;ue:sl Guidance value MC/GV ratio
(ng/) (GV)" (ng/) range
Surface water

0.0001-62 000 10 0.000 01-6200
Seawater

0.025-0.15 5 0.005-0.03

# Included are data from 1996 onwards, with lowest and highest

reported values determining the range (see Table A5-2 in
Appendix 5 for data). The extreme outlier for seawater (Straits
of Jahore between Singapore and Malaysia with 233 ng/l;
Basheer et al., 2002) is not included.

? Guidance valus obtained from species sensitivity distributions
for the protection of 99% of species with 50% confidence (see
Appendix T).

WAKBREE N O OHFRKZFNC L 5 & @Sl 62000 ng/L(Appendix 5 @ Table
A5-2 2 Ayasetal,1997)TH VY, ZNEREOENF/ATRE L LTRAT 5, S
PEACEED <HEEMIEIZ 10 ng/L T, FERRRE LHEEHEO L 6200 & 720 1 21X 50
W BEES, Lo T, By Eozk(Table A5-2 2HR)Tld, Liio @ B Y XIRIC 3
JAKERRIZH L TUIEEDY R R3HDHEEZLND, MAKOERRE X, ~T ¥
LA HEERBIE T RGO L TWD Z LA RTIRETH 5, T DOfEIH0.073~4 ng/L)
(TR AK DEIRFEFHN I E 5,

WEFR TR ARFE LN TAT 2 7 o VDS EDR@EN K D TH D2, K ToO~T
27 REN I VRN X REO Y 27 2T 5, WAKICBE LT, &b EEED
AT 7 v LV FEANEILR 0.15 ng/L T# 5 (Bering Sea; Yao et al., 2002), Fjgs 45y
AT IS <HREHE 5 ng/L 2 V% & EHINE L IR O 1T 0.03(F b B 1R & 7220 |
R PMENZ EERL TS,

11.2.2 REAERE

AT R, TG 43%)3 K OURE (Y 55%) UL S0 d < KA D5l
XHO TN THDHE 2%), ET L N— kA2 MBI L TE, oS W -3
BT DT LT Ty, WTFoRERS, EEM U X7 HEORILE L TDE
TS N E I TH D, ~TE AR aT UERRAIE LCTHERH SN TS Z LI
BEEEnsinn,
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Z v OB TIL, ~FZ 7 1% 0.03 melkg (AE/H THEEEMER X OE N2 R
TENRDN-T2(§86 BLUV§ 87T M), MAAED LEES - A THD Fram
Goksu 7 /L # X, Goksu JINZ Lo CTREHTEN G T L2~ LT oA ER R EEKIC X
STHERINTND, ZOHIENG, ~THral/ ~TE7a)LTRyy RNEEHEE
DOIIFIZH mglkg BETRIHINTWD, £9 LIEREDO~T X 7 a3 BEMICKIE

B OWTIE, BLBPS TIIHER o8& H 72,

11.2.3 WREFEFMICIIT 5 RreEMsE:

AT L7 IR PBRAE, HDWVITIKERIET 2O T, RERWE DA Dk KA TLH S
NTWARWERHERERIL, & <IEEENMENEEZOND,

TERERBEIZI WV Tl AT H 7 v b L5 D AR SRR O AN - F541 - HH3R
TEM % TS 27 — 23RS T2 6720,

BREETONT 27 a VIl ElT IO T —ZIFAR R LTS, 6z, #iFInT
W5 OREBRT, RBRAFIEICHL O RIEL S EMFE, FiEmbPDRbo ., Tz
7o ZEBETHHROINTWDAT — X IR T Z Lk, FIHTE T4 %5 %
5L NEEREXTH D,

WA RET AT Z 7 a VEMICET AR T — 2 IR E L TV A,

TARF Y NI 2ELREEHIARE L TV D,

feea L /R— b AL ML T, SN W BEMRBRII~NTZ 70 LOEER Y A
JHIEZITOICIE S TRy, 61, BREBIUOEW o HERh To~T % 7 o)L
SRROFEICRET AT — 213, ORI L TWS, ~TZ 7o) (BLREDOTRF
MW P CRAEZ LA Z LETCIAD LNAHARH D TNPZ A FT XA T
TS TER L TCTEAESNS,

— RO SN ERERAB IR, RSN ERENEICA~TE 7 a LY L 5 D),

EERI D WVITEEAEIZ L D ONENTIZR Y,

12. IOMC ¥z & 5 2 E TOEE
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2000 4, TARC(00DIZZ a v X BIUNT X 7 a )V ORNANMEEFTG L, ~7 % 7
2 DOWTIX, b N TR A2 FEBREN Tl A+ 07 af s & % & itm LTz, #fE
WIRHIL, ~7 % 7 0 )ViX & MES L THDANE G T AJGEMDR S S (27— 7"2B)TH b,
AT H T OREHEZ N E TIARC /¥ 7 /v — 72 & - T, 1978 4-(IARC, 1979). 1987
F(IARC, 1987). 1990 H#(IARC, 199DIZ T L7z,

1966 4£, 1970 4£, 1991 4F, ~7 % 7 u /L OFHliA FAO/WHO FE3R7% B A 5 A Rl &
H2UMPR)IZ L » T 72(FAO/WHO, 1967, 1971; JMPR, 1992), RIZEE&IE, ~7
27 a L EHEEREMICHERTXE e, BRnE~OMH % BEIcBEIL T2 X
IEVE L7z, 1966 FICFFA 1 HEREADDA 0~0.0005 mg/kg KiE/H LRE Iz
(FAO/WHO, 1967)7%, 1992 FIZIXFAIZEBRIETT — ¥ N— A DR &8 CTLRERH %
200 (2 EiF, 0~0.0001 mg/kg A5/ HIZZHE L 72(JMPR, 1992),

FERE R Z B S (CAC9INIZ L - T, L FORSONTLREICERE T H~TF
g a7 H 7 a)T R Y RUREMEOEE B R EIC 63 5 46 K175 5 L%
(ERL)(mg/kg) Wi E &viz « 44 XHEDICIE 0.5, =22, WHEAEN). Z&W(E
PINZIE 0.2, REHR(=> P XA X, oL A ar, b= FEROICIE 0.05, #
W, MoFE, b~ b A RCREAGTET), ¥4 XMOEEEDIZIE 0.02, FHEEOSFE L R
A F v 7% 0.01, FFLUBEYE)IZ1X 0.006 TH 5 (Codex Alimentarius Commission,
1997),

~TH 7 amIa y T E L5F(http//www.pic.int/) D T, 2004 4 2 F 24 BIZFEBHL
7o FRTE A - [FE T E OXLRYE ThH 5 (FAO/UNEP, 1996 © 5 ),

2004 ££ 5 H 17 RICHER LI FRBIEA G RWEICE T 2 X & v 7 BV LAGRIC & - T
AT By v RS BT L < IR & 40T D (httpi// www.pops.int/),
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APPENDIX 1 — ACRONYMS AND ABBREVIATIONS

ADI acceptable daily intake

AOPWIN Atmospheric Oxidation Program for Microsoft Windows

AP-1 activator protein-1

BOD biological oxygen demand

BODs 5-day biological oxygen demand

CAS Chemical Abstracts Service

CI confidence interval

CICAD Concise International Chemical Assessment Document

DNA deoxyribonucleic acid

ECso median effective concentration

ECD electron capture detection

EPI Estimation Programs Interface (suite of models)

FAO Food and Agriculture Organization of the United Nations

GABA gamma-aminobutyric acid

GABAA gamma-aminobutyric acid type A

GABAergic activated by GABA

GC gas chromatography

GD gestational day

HC, hazardous concentration for p% of the species

HC1(50) the hazardous concentration to protect 99% of species with 50%
confidence

HC5(50) the hazardous concentration to protect 95% of species with 50%
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confidence

HRGC high-resolution gas chromatography

TIARC International Agency for Research on Cancer

ICSC International Chemical Safety Card

Ig immunoglobulin

IOMC Inter-Organization Programme for the Sound Management of
Chemicals

IPCS International Programme on Chemical Safety

JMPR Joint FAO/WHO Meeting on Pesticide Residues

.oc soil sorption coefficient

.ow octanol/water partition coefficient

LCso median lethal concentration

LDso median lethal dose

LOAEL lowest-observed-adverse-effect level

LOEC lowest-observed-effect concentration

MAPK mitogen-activated protein kinase

mRNA messenger ribonucleic acid

MS mass spectrometry

ND not detected

NOAEL no-observed-adverse-effect level

NOEC no-observed-effect concentration

OECD Organisation for Economic Co-operation and Development

OR odds ratio
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PCBs

PIC
PLCgammar
PND
SMR
USA
USEPA
uv

WHO

polychlorinated biphenyls

Prior Informed Consent

phospholipase C gamma-1

postnatal day

standardized mortality ratio

United States of America

United States Environmental Protection Agency
ultraviolet

World Health Organization
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APPENDIX 2 — SOURCE DOCUMENTS
IPCS (1984)

A WHO Task Group on Environmental Health Criteria for organochlorine pesticides
other than DDT met in Geneva from 28 November to 2 December 1983. The Task
Group reviewed and revised the draft criteria document on heptachlor and made an
evaluation of the health risks of exposure to heptachlor. The drafts of this document
were prepared by Dr D.C. Villeneuve of Canada and Dr S. Dobson of the United
Kingdom.

The Environmental Health Criteria monograph on heptachlor is available on the

Internet at: http://www.inchem.org/ documents/ehc/ehc/ehc38.htm.
IARC (2001)

Heptachlor (and chlordane) were evaluated by IARC in Volume 79 of the IARC

Monographs on the Evaluation of Carcinogenic Risks to Humans.

A summary of the data reported and the evaluation are available on the Internet at:
http://www-cie.iarc.fr/htdocs/ monographs/vol79/79-12.html and
http://www.inchem.org/ documents/iarc/vol79/79-12.html.

Only the summary and evaluation (section 5) are available. The whole monograph,
which includes other chemicals as well, is available for purchasing from the WHO

bookshop.
JMPR (1992)

The JMPR monograph on heptachlor, published as part of the 1991 evaluations of
pesticide residues in food, is available on the Internet at:

http://www.inchem.org/documents/jmpr/ jmpmono/v91pr13.htm.
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APPENDIX 3 — CICAD PEER REVIEW

The draft CICAD on heptachlor was sent for review to IPCS national Contact Points
and Participating Institutions, as well as to identified experts. Comments were

received from:

M. Baril, Institut de recherche Robert Sauvé en santé et en sécurité du travail,

Montreal, Canada

R. Benson, United States Environmental Protection Agency, Denver, CO, USA

J. Chapman, Department of Environment & Conservation, Lidcombe, New South

Wales, Australia

R. Chhabra, National Institute of Environmental Health Sciences, Research Triangle
Park, NC, USA

P. Copestake, Toxicology Advice & Consulting Litd, Surrey, United Kingdom

I. Desi, University of Szeged, Szeged, Hungary

L. Fishbein, Fairfax, VA, USA

E. Frantik, Institute of Public Health, Prague, Czech Republic

H. Gibb, Sciences International, Alexandria, VA, USA

P. Howe, Centre for Ecology & Hydrology, Monks Wood, United Kingdom

L. Maltby, University of Sheffield, Western Bank, United Kingdom

H.V.T. Santonen, Institute of Occupational Health, Helsinki, Finland

H. Savolainen, Ministry of Social Affairs & Health, Tampere, Finland

P. Schulte, National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

R. Smith, Hydrobiology Pty Ltd, Brisbane, Australia
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J.L. Stauber, CSIRO Energy Technology, Menai, New South Wales, Australia

U. Stenius, Karolinska Institute, Stockholm, Sweden

M.H. Sweeney, United States Embassy, Hanoi, Viet Nam

K. Ziegler-Skylakakis, European Commission, Luxembourg
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APPENDIX 4 — CICAD FINAL REVIEW BOARD

Hanoi, Viet Nam

28 September — 1 October 2004

Members

Mzr D.T. Bai, Centre of Environmental Protection & Chemical Safety, Institute of
Industrial Chemistry, Hanoi, Viet Nam

Dr R. Chhabra, National Institute of Environmental Health Sciences, Research
Triangle Park, NC, USA

Mr P. Copestake, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

Dr C. De Rosa, Agency for Toxic Substances and Disease Registry, Centres for Disease
Control and Prevention, Atlanta, GA, USA

Dr S. Dobson, Centre for Ecology & Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr G. Dura, National Institute of Environmental Health of J6zsef Fodor National

Centre of Public Health, Budapest, Hungary

Ms C.W. Fang, National Institute of Occupational Safety and Health Malaysia,

Selangor, Malaysia

Dr L. Fishbein, Fairfax, VA, USA

Dr L. Fruchtengarten, Poison Control Center of Sao Paulo, Sao Paulo, Brazil

Dr C.L. Geraci, Document Development Branch, Centers for Disease Control and
Prevention / National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

Dr H. Gibb, Sciences International, Alexandria, VA, USA

Dr R.F. Hertel, Federal Institute for Risk Assessment, Berlin, Germany
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Mr P. Howe, Centre for Ecology & Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr S. Ishimitsu, Division of Safety Information on Drug, Food and Chemicals, National

Institute of Health Sciences, Tokyo, Japan

Dr J. Kielhorn, Fraunhofer Institute of Toxicology and Experimental Medicine,

Hanover, Germany

Dr S. Kunarattanapruke, Food & Drug Administration, Ministry of Public Health,
Nonthaburi, Thailand

Dr Y. Liang, Department of Occupational Health, Fudan University School of Public
Health, Shanghai, China

Ms M.E. Meek, Existing Substances Division, Environmental Health Directorate,

Health Canada, Ottawa, Ontario, Canada

Mr F.K. Muchiri, Directorate of Occupational Health and Safety Services, Nairobi,
Kenya

Dr O. Sabzevari, Food and Drug Quality Control Laboratories, Ministry of Health and

Medical Education, Tehran, Islamic Republic of Iran

Dr J. Stauber, CSIRO Energy Technology, Menai, New South Wales, Australia

Dr M.H. Sweeney, United States Embassy, Hanoi, Viet Nam

Mr P. Watts, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

Ms D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme,

Sydney, New South Wales, Australia

Dr K. Ziegler-Skylakakis, European Commission, Luxembourg

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland
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APPENDIX 5 — Some recent studies on Environmental Levels of Heptachlor and
Heptachlor Epoxide

The authors are aware that the tables included in this appendix are not a
comprehensive listing of environmental levels of heptachlor and heptachlor epoxide,
nor are all details (e.g. number of samples) recorded. The various isomers of heptachlor
epoxide are sometimes measured separately in environmental sampling. For simplicity,
the details are not given here. The intention was to gain an overview of the actual
extent of environmental contamination with heptachlor and heptachlor epoxide one or
two decades after their restriction of use in many countries. Only in a few tables was

there any attempt to collect older data.

Overview of tables
Table

A5-1 Air

Ab-2 Water

A5-3 Sediment

Ab5-4 Soil
A5-5 Fish
A5-6 Other aquatic organisms

A5-7 Birds and bird eggs

A5-8 Amphibians and reptiles

A5-9 Mammals

A5-10 | Food

A5-11 Human blood, serum, and plasma
A5-12 Breast milk

A5-13 Human adipose tissue

Ab-14 Breast adipose tissue
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Table A5-1: Concentrations of heptachlor and heptachlor epoxide in ambient and indoor air.

Concentration
Compound ‘Where found Year {pgém®} Reference
Ambient air
Heptachior Ambient air, south Morwegian coast 1991 1-T4 Buser & Miller (1803)
Heptachlor epoxide  Ambient air, various locations, USA 1992-1208 7.3-20 Bidlernan et al. {1893k}
[Muscle Shoals, Alabama; Point
Petre, Lake Ontaric; Lake Superior)
Heptachior Air samples, morthemn Alabama, USA  January-October  4-54 (mean 26) Jantunen et al_ (2000)
1998
Heptachlor epoxide  Air samples, northen Alabama, USA  January—October 443 {mean 16) Jantunen et al_ (2000)
1988
Heptachior Lake Superior, USA 19981807 1 Jantunen et al. (2000)
Heptachlor epoxide  Lake Superior, USA 1996-1807 7 Jantunen et al. (2000)
Heptachior Air, Senga Bay (Lake Malawi, 1997-1208 24 Karsson et al. (2000a)
southemn Afnica)
Heptachior Ambient air, Hong Kong 20002001 MD—85 Louie & Sin (2003)
Heptachior epoxide  Ambient air, Hong Kong 20002001 MO Louie & Sin (2003)
Heptachior Air abowve muck crop 2000 38 (3 cm) Mejer et al. (2003}
Heptachlor epoxide  Air above soya bean crops 2000 25 (150 em) — 550 (3 Meger et al (2003)
cm)
Heptachlor epoxide  Annual mean ar concentration, Alert,  2000—-2001 02 Wania et al. (2003)
Canada
Heptachior Ambient air, Belmopan, inland station December 1885 - 0.8-3.3 Alegria et al_ (2000)
August 1905
Heptachlor epoxide  Ambient air. Belmopan, inland station December 1885 - 2148 Alegria et al_ (2000)
August 1905
Heptachior Ambient air, Belize City, coastal December 1885 - 0.2-12 Alegria et al. (2000)
station August 1905
Heptachlor epoxide  Ambient air, Belize City, coastal December 1085 - 2.0-50 Alegria et al_ (2000)
station August 1995
Indoor air
Heptachior Indoor air, Bloomingten, Indiana, USA 19791886 4—110 ng/m” Anderson & Hites (1880}
{basement)
366 (first floor)
Heptachior Outdoor ar, house, Bloomington, 19941205 <10.05 ngém™ Wallace et al_ {1908)
Indiana, USA
Heptachior Indoor air, Bloomington, Indiana, USA 19941205 0.5-3.3 ng'm* Wallace et al_ {1908)
Heptachior Indoor air, USA (Pennsyfvania, Ohio, 19961207 NO-72 ng/m® Leone et al_ {2000)
Indiana, [Ninois)
Heptachlor epoxide  indoor air, USA (Pennsylvania, Ohio, 19961907 ND—4 4 ng/m* Leone et al_ {2000)

+ oxychlordane Indiana, [Enois)

NI not detected, below detection limits
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Table A5-2: Concentrations of heptachlor and heptachlor epoxide in water samples.

Compound Where found Year Concentration Reference
Rainwater
Heptachlor Rainvwater, Netherands 18EE—-1080 2-4 ng van Maanen et al. (2001);
Hamers et al. (2003)
Heptachlor epoxide  Rainwater, Metherdands 18EE—-1080 3-8 ngl van Maanen et al. (2001);
Hamers et al. (2003)
Heptachlor epoxide  Precipitation from various sites in the 1o 0.05-2.28 ngd Grynkiewicz et al. (2001)
Gdansk region, Poland 0.02-0.58 ngfl {range
of means)
Heptachlor epoxide  Runoff water from roofs in Gdansk, Nowember Up to 1.48 ngl Polkowska et al. (2002)
Poland 1989 — April
]
Heptachlor Precipitation in Senga Bay. Lake Malawi., 1887-1083 T3 pgl Karsson et al. (2000a)
southemn Africa
Heptachlor epoxide  Precipitation in Senga Bay, Lake Malawi.  1287-1803 11 pgl Karsson et al. (2000a)
southemn Africa
Drinking-water
Heptachior 332 wells, California, USA 1987-1088 ND CEPA (2000)
Heptachior epoxide 335 wells, Califomia, USA 1987-1888 ND CEPA (2000}
Heptachior 1% of tested wells in Kansas, USA 18851084 10.025 pgf Steichen et al. (1888)
Heptachlor New York City, NY, USA; municipal 18E82-1003 0.02-0.5 pgl Stubin et al. (1808)
treatment facilities, influent and effluent
Surface water
Heptachlor Filtered water samples, Mile River and TEE3-10B4 ND—B pg'l ‘Yamashita et al. (2000)
Manzala Lake, Arab Republic of Egypt
Heptachlor River Mile, Caira, Arab Republic of Egypt 1981 Abou-Arab et al. (18085)
‘Winter 24-35ngl
Sasmmer 5.8-10.3 ngl
Heptachior Manzala Lake, Arab Republic of Egypt 1881 Abou-Arab et al. (1805)
Winter 6.0-15.8 ngl
Summer 15.5-30.0 ngl
Heptachlor epoxide  Surface water from Lake Malawi, 100 0.1-11 pgi Karlsson et al. (2000a)
southem Affica
Heptachior Surface waters in city, |badan 1080s 4-202 gl mean 72 Osibanjo (2003)
ngl
Cither rivers in Migeria ND—11 ngl
Heptachior Groundwater, Ibadan, Oyo State, Migeria ZB0-17 500 np; Osibanjo {2003)
mean 2258 ngl
Heptachior Rivers and lakes, Hanoi, Viet Nam TeRE—1B0g <0.025-50.8 ngl Humng & Thiemann (2002)
Heptachlor epoxide Rivers and lakes, Hanoi, Viet Nam TeRE-1009 <0.025-31.3 ngl Humng & Thiemann (2002)
Heptachlor Groundwater sample from Mar del Plata.  ng- 15 ngl Massone et al. (1993)
Argentina
Heptachlor epoxide  Water samples from streams and public  ng. 15 ngd Niow (2001)
standpipe at Akumadan, Ghana
Heptachlor epoxide  Surface water. Bay of Ohuira, Mexico 18251004 20-230 ngl Cisuna-Flores & Riva (2002)
Heptachlor Surface water, Bay of Ohuira, Mexico 18B5-1088 101480 ngl Cisuna-Flores & Riva (2002)
Heptachior Surface water samples, Kigik Menderes  May 2000 — ND—181 ngl Turgut (2003)
River, West Turkey January 2002
Heptachior epoxide  Surface water samples, Kigik Menderes  May 2000 ND—287 ngl Turgut (2003}
River, West Turkey
Heptachior Minjiang River Estuary, south-east China; 1980 80 ngl and 883 ng1  Zhang et al. (2003)
water and porewater
Heptachlor epoxide  Minjiang River Estuary, south-east China, 1980 33 ngd and &7 ngfl Zhang et al. (2003)

water and porewater
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Table A5-2 [Contd)

Compound ‘Where found Year Concenfration Referance
Heptachior Surface water and groundwater, San 1ERE-1007 B58 ngl (mean) Bauding et al_ {2003)
Juan, Argentina
Heptachlor epoxide  Surface water and groundwater, San 1ERE-1007 AT ngl Bauding et al_ {2003)
Juan, Argentina
Heptachior Samples of water from five different 111003 ND—£2 000 ng'; Ayas etal (1097)
points around Goksu Delta, Turkey mean 15 000 ng
Heptachlor epoxide  Samples of water from five different 1eRi-1003 ND-52 000 ng'l; Ayas etal (1097)
points around Goksu Delta, Turkey mean 19 000 ngl
Heptachior Water samples from canals and draims, 1006 3500-12 110 ng El-Kabbany et al. (2000)
El-Haram Giza, Arab Republic of Egypt
Heptachlor epoxide  Water samples from canals and drains, 1008 10 700-27 300 ngdl  El-Kabbany et al. (2000)
El-Haram Giza, Arab Republic of Egypt
Seawater
Heptachlor epoxide Chukchi Sea 18231004 6.3 pgil Jantunen & Bidlerman
(1883)
Heptachlor epoxide  Westem Arclic Ocean 1904 14.8 pgl Jantunen & Bidlerman
(1803}
Heptachlor epoxide  Mear Spitsbengen and Greenland Sea 1o 6.8 pgl Jantunen & Bidlerman
(1883)
Heptachior Bering and Chukchi seas 1980 25146 pgi Yao et al. (2002)
Heptachior epoxide  Bering and Chukchi seas 1eeg 17-223 pgi Yao et al. (2002)
Heptachior Straits of Jahore between Singapore and  nug. 233 ngl Basheer et al. (2002)
Malaysia
Wastewater
Heptachior epoxide  Raw wastewater, municipal wastewater ng- E2-1100 ngh; Katsoyiannis & Samara.
treatment plant, Thessaloniki, Greece median 200 ngi 2004
Heptachior epoxide  Secondary sedimentation efluent, ng- 8120 ngl: median  Katsoyiannis & Samara.

mumicipal wastewater treatment plant.
Thessaloniki, Greece

13 ngl

2004

MD: not detected. below detection limits: n.o.: not given
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Table A3-3: Concentrations of heptachlor and heptachlor epoxide in sediment.

Concentration (nglg dry

Compound Where found Year weight)” Reference
Heptachior Arizona, USA 20080 Up to 6.3 Schlenk et al. (2002)
Heptachior North-western Mexico (coastal lagoons, 1098 1.18—4.25 {maximum 48} Gonzalez-Farias et al_
agnicultural drains) (2002)
Heptachior North-westemn Mexico (coastal lagoons, 1998 MND-20.1 {maximurm Gonzalez-Farias et al.
epoide agricultural drains) G4.5) (2002)
Heptachior Lake sediments sampled in Mexico 1994 3 (mean) Amenta-Arteaga &
epoxide Elizalde-Gonzalez
(2003}
Heptachior Sediments, coastal station, northem Baltic 1981 <0.020-<0.030 Stansley & Roscoe
Sea [1993)
Heptachior Sediments from streams, and public n.g. 0.50 Miow (2001)
epoxide standpipe, Akumadan, Ghana
Heptachior Sediment, Bay of Ohuira, Mexico 19951006 20132 Os=una-Flores & Riva
epoxide (2002)
Heptachlor Sediment, Bay of Ohuira, Mexico 19851006 <20-57 Csuna-Flores & Riva
(2002
Heptachior Mean concentrations in sediments from Mar 19851006 1 ng'g organic carbon Menone et al. (2001)
Chiquita lagoon fributaries, Argentina
Heptachior Mean concentrations in sediments from Mar 19851006 844 ng'g organic matter  Menone et al. (2001)
epoxide Chiquita lagoon fributaries, Argentina
Heptachior Minjiang River Estuary, south-east China, 1992 1.8 Zhang et al. (2003)
sediment
Heptachior Minjiang River Estuary, south-east China, 1942 1.3 Zhang et al. (2003)
epoxide sediment
Heptachlor Sediments of Amsterdam freshwater sites 1981 1-2 ng/g organic matter  wan der Oost et al.
[1988)
Heptachior Sediments of Amsterdam freshwater sites 1991 1-@ ng'g organic matter  van der Oost et al
epoxide (199ad)
Heptachior Sediments of coastal lagoons of the Pacific 1985 MD-65.4 Carvalho et al. (1208)
coast of Micaragua
Heptachior Sediments, Port Jackson, Sydney, Australia 1995 MNO-24 .4 Birch & Taylor (2000)
Heptachior Sediments, Port Jackson, Sydney, Australia 1995 MD-14.8 Birch & Taylor (2000)
epoxide
Heptachior Lekki Lagoon, Migeria n.g. MD—1845; mean 54 Osibanjo (2003}
Heptachior Sediments from five different points around  1991-1883 1377 (541-2612) Ayas et al (1247)
Giksu Delta, Turkey
Heptachior Sediments from five different points around  1991-1883 244 (ND-718) Ayas et al_ (1947)
epoxide Goksu Delta, Turkey

MD: not detected, below detection limits; n.g.: not given
" Unless otherwise given.
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Table A3-4: Concentrations of heptachlor and heptachlor epoxide in soil.

Concentration (pgikg

Compound Where found Year = nglg = ppb) Reference
Heptachlor Com belt, USA 12051988 MD-56 Fagner et al. (1893)
Heptachlor Com belt, USA 18051888 MND-40 FAigner etal. (1893)
epoide
Heptachlor Agricultural area of the Giksu Delta, Turkey 1801-1893 4777 (TE2-PE16) Ayas et al. (1007)
Heptachior Agricultural area of the Gaksu Delta, Turkey 18081-1983 174 (WD—453) Ayas et al (1887)
epoxide
Heptachlor Non-agricultural area of the Giksu Delta, 1861-1883 735 (93-1823) Ayas etal. (1887
Turkey
Heptachior Neon-agncultural area of the Giksu Delta, 18011993 180 (7O—444) Ayas etal (1007
epoxide Turkey
Heptachior Dune area of the Goksu Delta, Turkey 1801-1993 474 (218-012) Ayas etal (1887
Heptachior Dune area of the Goksu Delta, Turkey 1801-1993 32 (ND-183) Ayas etal (1887
epoxide
Heptachior Natural soil from south-eastem region of TeoE 442 (0-15cm) Miglicranza et al. (2003
Argentina 1.2 {15-30 ¢m)
1.51 (45-55 cm)
Heptachior Matural soil from south-eastem region of Toog 13.5 (015 cm) Miglioranza et al. (2003
epoxide Argentina 0.08 {1530 cm)
MND (4555 cm)
Heptachior Agricultural sod from south-eastem region of TeoE 271 (-15em) Miglioranza et al. (2003}
Argentina 0.74 (15-30 cm)
0.82 (45-55 cm)
Heptachior Agricultural soi from south-eastem region of TeoE 0.08 (0~15 cm) Miglicranza et al. (2003
epoxide Argentina ND (15-30 em)
ND (2555 cm)
Heptachlor Abd-el-aal and Bl-Zomor Giza, El-Moheet 1006 ND EHabbany et al. (2000)
drain, Kafer Hakim, Arab Republic of Egypt
Heptachior E}-Zomor Giza, Arab Republic of Egypt 1806 25 EHabbany et al. (2000)
epoxide
Heptachior Abd-gl-aal (land side) and Kafer Hakim, Arab 1086 ND EHKabbany et al. (2000)
epoxide Republic of Egypt
Heptachior Abd-el-aal (seaside), Arab Repubbic of Egypt 1006 43 EHKabbany et al. (2000)
epoxide
Heptachlor El-Mohest drain (El-Maryotia), Arab Republic 1886 130 EHabbany et al. (2000)
epoxide of Egypt
Heptachlor Chulla Morth Province, Republic of Korea 1006 <0.1-2.8 Kam & Smith (2001)
Heptachlor Chulla Morth Prowince, Republic of Korea 1266 1.38-43.0 Kim & Smith (2001)
epoxide

ND: not detected, below detection limits

106



Table A3-5: Concentrations of heptachlor and heptachlor epoxide in fish.

Concentration (nglg wet

Compound Where found Year weight = ppb)* Reference
Heptachlor Various fish in USA 19781877 780 maximurm Schmitt et al. (1999)
1086 100 maxirmurm
Heptachlor Commaon carp, Mississippi River Basin, 1985 80 maximum Schmitt (2002)
epoxide LsA
Heptachlor! Fish in Austrafia 1970 ND Connell et al. (2002)
heptachlor 19805 400 maxmum
epoxide
1080s 59 maximum
Heptachlor Adipose tissue of camp (Cyprnus carpio) 19811003 1887 mean {range: Ayas etal (1897)
from Goksu Delta, Turkey 13142446, lipid weight
Heptachlor Adipose tissue of carp (Cyprnus campio)  1981-1803 315 mean (range: 431-  Ayas etal (1997)
epoxide from GEksu Delta, Turkey 1824), lipid weight
Heptachlor Seculpin tissue from the Puget Sound and 1085 aa Black et al. (2000}
epoxide Willamette basins
Heptachlor Zanges perch (Lates calcifer) from the 19881007 MD-221 Jabber et al. {2001}
Zanges Estuary. Bangladesh
Heptachior Muscles of catfish, from the Bay of 1971008 126-284 Das et al. (2002)
Bengal
Heptachlor Various fish, Gulf of Gdansk, Poland 1092 0.oe-0.17 Falandysz et al_ (2001)
epoxide
Heptachlor Various fish, Gulf of Gdansk, Poland 1982 1.1—4.3 ng/g lipid weight  Falandysz et al. (2001)
epoxide
Heptachlor Various species of sturgeon, Caspian 2001-2002 1.6-3.8 ng'g lipid weight  Kajiwara et al. (2003)
Epoxide Sea, samples from Islamic Republic of
Iran, Azerbajan, Twkmenistan,
Hazakhstan
Heptachlor Cod (Gadus morhus), Barents Sea, 1985 4B-58 Karsson et al. (20000)
Epoxide Kvalaya, Morway
Heptachlor Various fish, Lake Supernor 1984 <0.2-1.3 Kucklick & Baker (1893)
Heptachlor Various fish, Lake Superior 1004 <2-13.6 Hucklick & Baker (1083)
epoxide
Heptachlor Various fish, Karachi Coast area, ca. 1983 MNO-35.4 Munshi et al. {2001)
Pakistan
Heptachlor Eel from six Amsterdam freshwater sites 1991 8-35 ng'g Fpid weight van der Oostet al. (1998)
Heptachlor E=l from six Amsterdam freshwater sites 1981 58 ng'g Bipid weight van der Qost et al. (1998)
epoxide
Heptachlor Muscle of Baltic salmon, River Dalilven, 1985 12 ngig lipid weight Wiberg et al. (2002)
Epoxide Sweden
Heptachlor Fish, urban area. Wichita, Kansas n.g. MD-0.3 Eaton & Lydy (2000}
Epoxide
Heptachlor Fish, north-westem Florida'south-westemn 1985 0.85 Lewis et al. (2002)
Alabama
Heptachlor Fish, north-westem Florida'south-westem 1985 <0.03 Lewis et al. (2002)
epoide Alabama
Heptachlor Various fish, White Sea, Russian 19882001 0.03-0.78 Muir et al. {2003)
Federation
Heptachlor Various fish, White Sea, Russian 19882001 <10.01-1.03 Muir et al. (2003)
Epoxide Federation
Heptachlor Arctic cod, Resolute Bay area of the 1982-1003 13-18 ngig lpid Wibeng et al. (2000)
epoxide Canadian Arctic
Heptachlor Fish samples from Nis River, Arab 19831004 0.07-0.12 ng'g Yamashita et al. (2000}
Repubdic of Egypt
Heptachlor Fish sample from Manzala Lake, Arab 19821004 MD-0.18 ngig Yamashita =t al. (2000)

Repubdic of Egypt

LOD: Emit of detection; ND:- not detected, below detection limits; n.g.- not given

" Unless otherwise given.
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Table A3-6: Concentrations of heptachlor and heptachlor epoxide in aguatic organisms other than fish.

Compound Where found Year Concentration Reference
Heptachior Anadars tubercwiosa (mollusc), 1eBE-1991 <0.01-28.9 ngig dry weight  Castillo et al_ {1807)
marine (estarine), Micoya Gulf,
Pacific Ocean
Heptachior Several species of bivales, marne 1281 <.01-1.75 ngig dry weight  Castillo et al. {1887)
[coastal), Pacific and Caribbean
coasts
Heptachion’ Agquatic invertebrates in Australia 1e00s 330 nglg wet weight Connell et al. {2002)
heptachlor
epoxide
Heptachior Blue mussel and crab from the Gulf 1202 0.03 ngig fresh weight Falandysz et al. (2001)
epoxide of Gdansk, Baltic Sea
Heptachior Blue mussel and crab from the Gulf 1202 0.8-28 ng/g lipids Falandysz et al. (2001)
epoxide of Gdansk, Baltic Sea
Heptachior Brachiodontes mussel, Egyptian 2000 3-84 ng'g wet weight Khaled et al. (2004}
epoxide Red Sea coast
Heptachior Mytilus edulis in New Bediord ng NO—130 ng'g lipid Hofelt & Shea (1207)
epoxide Harbeor, Massachusetts, LISA
Heptachior Shrirmg from Bay of Ohuira, Mexico 12851298 MDO-58 ngl Osuna-Fleres & Riva (2002)
epoxide
Heptachior Shrirmg from Bay of Ohiura, Mexico 12051298 18—-127 ngl Osuna-Flores & Riva (2002)
Heptachior Mussel, Karachi Coast area, ca 1908 31-132ng'g Munshi et al. (2001)
Pakistan
Heptachior Spider crab (Hyas araneus), White  1288-2000 0.58-0.73 ngig lipid weight  Muir et al. (2003)
epoxide Sea, Russian Federation
Heptachior Spider crab (Hyas aranews), White 120082000 0.05-0.30 ngig lipid weight  Muir et al. (2003)
Sea, Russian Federation
Heptachior Whelk (Buccinum wndatum), White 12082000 <10.01 ngig lipid weight Muir et al. (2003)
epoxide Sea, Russian Federation
Heptachior Whelk (Buccinum wndatum), White  1288-2000 <10.01 ngig lipid weight Muir et al. (2003)
Sea. Russian Federation
Heptachior Isopod (Mesidothea entomon), 18082000 0_27 nigig lipid weight Muir et al. (2003)
epoxide White Sea, Russian Federation
Heptachior Isopod (Mesidothea entomon), 1808-2000 0.13 ngig lipid weight Muir et al. (2003)
White Sea, Russian Federation
Heptachior Zooplankion [Copepoda), White 12EE-2000 0.02-0.55 ngig lipid weight  Muir et al. (2003)
epoxide Sea, Russian Federation
Heptachior Zooplankion (Copepoda). White 180Ee—-2000 <10.01-0.09 ngig lipid weight  Muir et al. (2003)

Sea, Russian Federation

WD not detected, below detection limits; n.g.: not given
" Unless otherwise given.
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Table AS-T: Concentrations of heptachlor and heptachlor epoxide in birds and bird eggs.

Concentration (pg/kg = ngig

Compound Where found Year = ppb) Reference
Heptachlor Liver of coots (Fulics ata), Goksu 18811883 107 (ND-217) Ayas etal (1887)
Drelta, Turkey
Heptachlor Liver of coots (Fulics ala), Goksu 1eg1-1883 272 (ND—215) Ayas etal (1887)
epoxide Dwefta, Turkey
Heptachlor Adipose tissue of coots (Fullsa afra), 1egi-18e2 1785 [ND-317E) Ayas etal. [1097)
Goksu Dwefta, Turkey
Heptachlor Adipose tissue of coots (Fullsa afra), 1881-1883 678 (217-1320) Ayas etal. (1887)
epoxide Goksu Delta, Turkey
Heptachlor Egg of coots (Fulica afra). Goksu 18911823 218 (ND-58a) Ayas etal (1887)
Deelfta, Turkey
Heptachlor Egg of coots (Fulica afra). Goksu 109 —18a3 188 (ND-273) Ayas etal (1087)
epoaide Dwelta, Turkey
Heptachlor Liver of mallards {Anas 1881-1883 43 (ND-T15) Ayas etal. (1887)
platyrhynchos), Goksu Delta, Turkey
Heptachlor Liver of mallards (Anas 18811883 412 (ND-811) Ayas etal (1087)
epoide platyrhynchos), Giksu Delta, Turkey
Heptachlor Adipose tissue of mallards (Anas 1891-1823 2645 (ND-5728) Ayas etal (1887)
platyrhynchos), Goksu Delta, Turkey
Heptachlor Adipose tissue of mallards (Anas 10911802 2744 (336-4022) Ayas etal (1097)
epoide platyrhynchos), Goksu Delta, Turkey
Heptachlor Epgg of mallards {Anas platyrhynchos), 10011803 B5 (ND—122) Ayas etal (1097)
Goksu Delta, Turkey
Heptachlor Epg of mallards (Anas platyrhynchos). 18911823 118 [ND-322) Ayas etal (1887)
epoxide Gioksu Delta, Turkey
Heptachlor Liver of litde egret (Egrelfs garzetta). 10911883 222 (ND—445) Ayas etal (1887)
Goksu Delta, Turkey
Heptachlor Liver of litde egret Egrelfs garzetta). 10011803 423 (215-842) Ayas etal (1097)
Epoxide Goksu Defta, Turkey
Heptachlor Adipose tissue of litle egret (Egretfa 1891-1823 409 (ND-213) Ayas etal (1887)
garzetta), Goksu Delta, Turkey
Heptachlor Adipose tissue of lite egret (Egretfa 1891-1823 1247 (ND-2495) Ayas etal (1887)
epoxide garzetta), Goksu Delta, Turkey
Heptachlor Egg of lithe egret (Egrefia garzefta), 18911823 BEO (ND-2821) Ayas etal. (1897)
Goksu Delta, Turkey
Heptachlor Epg of lithe egret (Egrefta garzeita), 1ea1-123 408 (ND—1404) Ayas etal. (1887)
epoxide Goksu Delta, Turkey
Heptachlor Eggs of great black-backed gulls 18931804 BO—140 |wet veeight) Weseloh et al. (2002)
epoxide (Lans marinus), Lake Ontarnio,
Canada
cis-Heptachlor Fat of Laysan albatross (Phoebastna 10841805 24 (wet weight) Muir et al_ (200:2)
epoxide immutahiiis), Sand and Eastem
islands, Midway Atoll in central Morth
Pacific
Heptachlor Fat of Laysan albatross, Sand and 10941225 2.1 {wet weight) Muir et al_ (200:2)
Eastern islands, Midway Atoll in
central Morth Pacific
Heptachlor Fat of black-footed albatross 10941805 333 (wet weight) Muir et al_ (200:2)
epoxide [Phoehasina migripes), Sand and
Eastern islands, Midway Atoll in
central north Pacific
Heptachlor Fat of black-footed albatross 10941805 2.2 (wet weight) Muir et al_ (200:2)
[Phoehasina migripes)
Heptachlor Black-footed albatross (Phoebasina 10941805 3.4 (wet weight) Muir et al_ {2002)
epoxide nigripes), egg poal
Heptachlor MNorthern royal albatross (Diomedea 10841805 1.17 {wet weight) Muir et al_ (2002)
epoxide sanfordi), eggs
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Table AS-T (Contd)

Concentration (pgikg = ngig

Compound Where found Year = ppb) Reference
Heptachlor Brains of common grackles (GQuiscalus 10081800 B30 (wet weight) Stansley et al. (2001)
epoxide quiscula), Scotch Plains, New Jersey,

USA
Heptachlor Brains of various birds, New Jersey, 1887 260048700 (wet weight) Stansley & Roscoe
epoxide USA (1e00)
Heptachlor Great blue heron (Ardea herodias) 1003 20100 (wet weight) Custer et al. (1827a)
epoxide eggs. 10 colonies, Upper Missssippi

River, USA
Heptachlor Double-crested comorant June 1995 50 {wet weight) Custer et al. (1887h)
epoade [Phalacrocorax awntus) eggs and

sibfing embryos, Green Bay,

Wisconsin, USA
Heptachlor Epgs of bald eagles (Haliaesius 18031304 <10-30 Anthony et al_ {1983)
epoxide leucocephaius) from the Aleutian

Islands, Alaska, USA
Heptachlor Eggs of morthemn goshawk (A ccipifer 10881000 ND—49 (wet weight) Manosa et al. (2003)
epoxide gentdiis), La Segarra, north-eastern

Spain
Heptachlor Eggs of BEwrasian buzzard (Bufeo 18881530 1-233 (wet weight) Manosa et al. (2003)
epoide buteo), La Segama. north-eastern

Spain

ND: not detected, below detection limits; n.g.: not given

Table A5-8: Concentrations of heptachlor and heptachlor epoxide in amphibians, reptiles, and annelids.

Concentration {ng'g
Compound Where found Year wet weight) ce
Heptachior Frogs (Rana forer). Costa Rican 1998 32 Klemens et al. (2003)
wikdland
Heptachior Toads (Bufo marinus), Costa Rican 1098 i Klemens et al_ {2003)
wikdland
Heptachlor 10 eggs of bullsnake |Fifuophis n.g. B4 Cafias & Anderson (2002)
melanoieucus) after & weeks in
organocchlorine-contaminated nest
Heptachior Tuwriles {Kinosternon scompicides), Costa 1098 7 Klemens et al. (2003)
Rican wildland
Heptachior Turtles {Rhinoclemmys puwlchemma). 1098 17 Klemens et al_ {2003)
Costa Rican wildland
Heptachior Snapping turile eggs (Ghelydra 1098 ND-3.5 de Solla et al. (2002)
epoxide sarpenting), three sites. Canada
Heptachior Earthworm (Eisenia foebda), Sweden n.g. <0.2—=06 Wagman et al. {1820)
Heptachior Earthworm | Eisenia foebda), Sweden n.g. <0402 Wagman et al_ {1820)
epoxide

WD: not detected, below detection limits; n.g.: not given
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Table A3-3: Concentrations of heptachlor and heptachlor epoxide in mammals.

Concentration {ngfg
Compound Where found Year lipid weight)" Reference

Heptachior Morthwest Atlantic plot whales 12001004 38 {mean} Weisbrod et al. (2000a)
[Giobicephals melzs); whales stranded in
Massachuseits, USA

Heptachior Morthwest Atlantic plot whales 12001084 58 (mean} Weisbrod et al. (2000a)
epoxide (Giobicephala melzs); whales stranded in
Massachusetts, USA
Heptachior Right whale (Eubalaena giacialis); Bay of Swummer 1284 235 (mean) Weisbrod et al. (2000k)
Fundy. Canada; southem coast of and 1096
S»E;ﬁrgla; Cape Cod Bay, Massachusstis, Winter 1007 1257 (mean)
Heptachior Right whale (Eubalaena giacials); Bay of Summer 1204 177 {mean) Weisbrod et al. (2000k)
epoxide Fundy, Canada; southem coast of amd 1006
Seairgla; Cape Cod Bay. Massachusetts, Winter 1007 201 {mean)
Heptachior Blubber of ring seals (Phoca hispida), m 1808 Mean 40 ng/g wet weight  Fisk et al. (2002)
epoxide the Canadian Arctic {Ea0% pid )
Heptachior Harp seal {Phoca groenlandica) pups. 183 53-126 Muir et al. (2003)
epoxide White Sea. Russian Federation
Heptachior Harp seal pups, White Sea, Russian 1808 2048 Muir et al. (2003)
epoxide Federation
Heptachior Bearded seal (Enngnathus barbaius), 18062001 1430 Muir et al. (2003)
epoxide males, White Sea, Russian Federation
Heptachior Harp seal {Phoca groenlandica), adult 18862001 240 Muir et al. (2003)
epoxide females, White Sea. Russian Federation
Heptachior Juwenile ringed seal {Phocs hispida). 1808 a2 Muir et al. (2003)
epoxide males and females, White Sea, Russian
Federation
Heptachior Juwvenilefadult ringed seal. females, NW 2001 <01 Muir et al. (2003)
epoxide Onega Bay, White Sea. Russian
Federation
Heptachior Juwenilefadult inged seal. males, NW 2001 <01 Muir et al. (2003)
epoxide Onega Bay, White Sea, Russian
Federation
Heptachior Ringed seal blubber adipose samples, 1806 =21 Kuchklick et al. (2002)
northem Alaska, USA
Heptachior Tinged seal blubber adipose samples, 1806 ZB-187 Kuchklick et al. (2002)
epoxide northem Alaska, USA
Heptachior Tinged seal blubber. Resolute Bay area,  1802-1093 41-80 Wiberg et al_ {2000)
epoxide Canadian Arctic
Heptachior Polar bear fat, Resclute Bay area, 1021003 140-300 Wiberg et al_ {2000)
epoxide Canadian Arctic
Heptachior Polar bear ver, Resolute Bay area, 18021083 6802200 Wiberg et al. (2000)
epoxide Canadian Arctic
Heptachior Seal blubber, northern Quebec, Canada 18001881 21 Zhu et al. (1995)
epoxide
Heptachior Bear fat, northem Quebec, Canada 13881080 475 (mean) Zhu et al. (1995)
epoxide
Heptachior Polar bear adipose sample, northem 1806 <2 Kuchlick et al. (2002)
Alaska, USA
Heptachior Polar bear adipose sample, northem 1806 ai1-164 Kuchklick et al. (2002)
epoxide Alaska. USA
Heptachior Follicular fluid; cattie, sheep, goat, pig: ng 0.2-58 ng'mi Kamarianos et al.
epoxide Makedonia and Thessalia, Greece [ 2i003a)
Heptachior Semmal plasma; bear, ball, ram, goat, ng ND—0.4 ngimi Kamarianos et al.
epoxide Makedonia and Thessalia. Gresce {20038
WD not detected, below detection limits; n.g.: not given
" Unless otherwise given.
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Table AS-10: Concentrations of heptachlor and heptachlor epoxide in food.

Concentration [pgfkg
Compound Where found Year = nglg = ppb)* Reference
Heptachlor’ Various herbs, collected in Arab ng. 13-124 Abou-Arab & Abou Donia (2001)
heptachlor Republic of Egypt
epoxide
Heptachior Tea, collected in Arab Republic of ng. Ge Abou-Arab & Abou Donia (2001}
epoide Egymt
Heptachior Ginseng samples, bought in USA, nig. ND-18.3 Huggeit et al. {2000)
Europe. and Asia
Heptachlor Ginseng samples, bought in USA, ng. ND-22.8 Huggett et al. {2000)
epoide Eurocpe, and Asia
Heptachior Medicinal plants; markets in Dakar, September— 2.25-17 Diop et al. (1989)
Senegal Mowvember
1984
Heptachior Oranges; mandarins; markets in September— 10:8 Diop et al. (1989)
Diakar, Sensgal MNowember
1994
Heptachlor Tomatoes; markets in Dakar, Senegal  September- 42 Diop et al. (198@)
Movember
1984
I Heptachlor + Cabbage, end of season, different 19931886 16076 Bakore et al_ (2002)
heptachlor markets of Jaipur City, Rajasthan,
epoxide Inclia
E Heptachlor + Spinach, end of season; markets of 19931206  b414 Bakore et al_ (2002)
heptachlor Jaipur City, Rajasthan, India
epoide
I Heptachlor + Caulflower at the end of the season; 19931806 1524 Bakore et al_ (2002)
heptachlor markets of Jaipur City, Rajasthan,
epoxide Inclia
E Heptachlor + Ckra at the end of the season; markets 19031806 02048 Bakore et al_ (2002)
heptachlor of Jaipur City. Rajasthan, India
epoxide
I Heptachlor + Tomatoes at the end of the season; 19931886 15856 Bakore et al_ (2002)
heptachlor markets of Jaipur City, Rajasthan,
epoxide Inclia
E Heptachlor + Potatoes at the end of the season; 19931806 3812 Bakore et al_ (2002)
heptachlor markets of Jaipur City, Rajasthan,
epoxide India
Heptachior Winter squash. frozen, USA 1897 ] CU (1989)
epoxide
Heptachior Winter squash, fresh, USA 1993 4 CU (1088)
epoxide
Heptachior Strawbemes, fresh, USA 1983 2 CU(1999)
epoxide
Heptachior Tomatoes from farms in Akumadan, 18982000 1.7 Mbows (2001)
epoxide Ghana
¥ Heptachlor + Tomato, Buenos Aires province, 20002001 2.8 Gonzalez et al. (2003)
heptachlor Argentina
epoxide
Heptachior Lucin (vegetable). Karachi Coast area, ca. 1803 24 Munshi et al. {2001)
Fakistan
Heptachlor Tomato, Karachi Coast area, Pakistan  ca. 1088 1.3 Munshi et al. (2001)
Heptachior Brinjal. Karachi Coast area, Pakistan ca. 1808 1.0 Munshi et al. {2001)
Heptachior Cow milk, Karachi Coast area, ca. 1883 0.5 ng'g lipid Munshi et al. (2001)
Fakistan
Heptachior Cow milk, Oahu, Hawaii, USA 1881-1882  Up to 1200 ng/g fat Baker et al_ (1221)
epoxide

112

Up to 5000

Le Marchand =t al. (1938)



Table A5-10 [Contd)

Concentration [pghkg
Compound Where found Year = ngig = ppb)* Reference
Heptachlor Cow milk, Jaipur City, Rajasthan, India 1993-1885  Seasonal range: 10~  John et al. (2001)
30 pgig milk fat
Heptachlor Cow milk, Jaipur City, Rajasthan, India 18931885  1.4-12.4 pgig milk fat  John et al. (2001)
epoxide
Heptachlor Animal meat and fat, diffierent locations 1992 D.0E-3.2 ngi'g lipid Kannan et al. (1904)
in Australia [mean 1.1 ngig lipid)
Heptachlor Animal meat and fat, diffierent locations 1992 1.4-160 ngig lipid Kannan et al. (1904)
Epouide in Australia [mean 26 ng'g Bipid)
Heptachlor Beef fat, Australia 1983 184 Armishaw et al. (1883)
Epouide
Heptachlor Beef fat, north-western Mexico 19981887  100-200 ng'g Fpsd Vazquez-Moreno et al. {1982)
Heptachlor Poultry fat, north-western Mexico 19981887 100 ngig lipid Vazquez-Moreno et al. {1982)
Heptachior Infant food, Migeria n.g. D.0® (MD-0.87) Osibanjo (2003)
Heptachlor Infant food, Kaly ng. B.BD (ND-T2) Osibanjo (2003)

ND: not detected, below detection limits; n.g.: not given
" Unless otherwise given.

Table A3-11: Concentrations of heptachlor and heptachlor epoxide in human bloed and plasma.

Compound Source Year Concentration Reference
Heptachior Detected in the blood of 19% of 112 1882-1883  Mean 2.1 ngiml (range. NO- Muossing et al. { 1885)
residents from El Paso, Texas, USA 9.8 ngp'mil)
Heptachior Cohembia, Missoun Breast Cancer Serum 20% of 105 cases and 18.2%  Dorgan et al. (1282)
Bank, USA of 208 controls had =LOD of
0.33 ngig
Heptachior Cohumbia, Missour Breast Cancer Serum All 105 cases and all 2088 Diorgan et al_ (1980)
epoxide Bank, USA controls were <LOD of 020
nigfmd
Heptachlor Serum, breast cancer study, Washington 18751804  Cases: 0 ngig lipid (mean) Cantor et al. (2003)
County, Maryland, USA; 74 cases_ 147 . 1o T |
controls Controds: 0 nglg lipid (mean)
Heptachior Serum, breast cancer study, Washington 18751804  Cases: 111.2 ngig lipid (mean) Cantor et al. (2003)
epoxide County, Maryland, USA; 74 cases, 147 Controls: 102.8 ngig lipid
controls I
{mean}
Heptachior Serum, breast cancer study; Naples, ltaly; 1887-1808 Cases: 2.B6 ng'ml Delle lacowo et al.
170 cases, 180 controls Controls: 1.16 ng/ml {18Ea)
Heptachior Blood. breast cancer study; Jaipur City, ng Cases: 274677 ng'ml Mathur et al. (2002)
India; 135 cases, 50 controls Controls: ND—164 ng/mi
Heptachior Plasma, Canada (northem Guebec) 51 ngig (lipid weight) Zhu et al. (1895)
epoxide
Heptachior Umnbilical cord blood plasma. 400 children, 182841808  ND-0.20 ngiml Walker et al. (2003)
epoxide Arctic Canada
Heptachior Maternal blocd plasma, 385 women, Arcic 18241800  MND-0.70 ngiml: mean 0.08 Walker et al. (2003)
epoide Canada ngmi

LOD: Emit of detection; ND:- not detected, below detection limits; n.g.- not given
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Table A5S-12: Concentrations of heptachlor and heptachlor epoxide in human breast milk.

Concentration (nglg =

Compound Source Year ppb on milk fat basis)® Reference
Heptachlor Intemational 1870s 2-13 IPCS [1884)
heptachlor epoxide

Heptachlor USA total 1878 91 £ 125 (83% of 1436 Sawvage etal. (1B81)
epoxide Women)

Heptachlor USA 1881 10; 20th percentde = Rogan et al. (1881)
epoxide 100

Heptachlor Oahu, Hawaii, LSA 1882 Maximurn =250; mean  Baker et al. (1281)
epoxide 123

Heptachlor Women of Hawaii, USA, and 18791880 31-36 (mean) Takahashi et al. (1881)
epoxide neighbowring islands

Heptachlor Canada 1834 11 (mean) Mes et al. (1993)
epoxide

Heptachlor Former West Gemany Since 1084 <20 (mean} Waizenegger et al. (1208)
epoxide

Heptachlor Al-Khan, Saudi Arabia 18051984 20 {mean) Al-Zaleh et al_ (1238)
epoxide

Heptachlor Victoria, Australia n.g. @1 {mean) Quinsey et al_ {1205)
epoxide

Heptachlor Victoria, Australia 18811802 7 (median) Sim et al_ (1888)
epoxide 170 {masimum)

Heptachlor Germany 10981000 <2-12 Skopp et al. (2002)
epoxide

Heptachlor Turkey 10051004 72 {mean) Cok et al. (1897)
epoxide

Heptachior Nicaragua 18841985 i Romero et al_ (2000)
Heptachlor MNicaragua 10041005 1 Romero et al_ (2000)
epoxide

Heptachlor Kuwait Late 19890s 0.6-8.7; 1.3 (mean} Saeed et al. (2000)
epoxide

Heptachlor MNorthem Thailand 1993 4.3 ng/ml milk = 210 Stuetz et al. (2001)

ng'g (mean)

Heptachlor Northem Thailand 1993 4.4 ng/ml milk = 330 Stuetz et al. (2001)
epoxide ng'g {mean )

Heptachlor Amman, Jordan 18381820 700 (median) Alawi et al. (18082)
Heptachlor Whaole study, Jordan 10931004 130 (mean) Alawi & Khalil (2002)
Heptachlor Whaole study. Jordan 2000 230 (mean) Alawi & Khalil (2002)
Heptachlor Armman, Jordan 10891000 580 (median) Alawi et al (1202)
epoxide

Heptachlor Several cities, Jordan 180831004 800 (mean) Alawi & Khalil (2002)
epoxide

Heptachlor Several cities, Jordan 2000 320 (mean) Alawi & Khalil (2002)
epoxide

Heptachlor Nigeria n.g. <10~380; mean 80 ng'y Osibanjo (2003)
Heptachlor Rio de Janeiro County, Brazd 1882 8 ng/g milk fat Paumgartten et al. (2000)
epoxide

Heptachlor Dniprodzerzhinsk and Kyiv, 18931804 <14-244 (median = 18) Gladen et al. (2003)
epoxide Ukraine
n.g.: not given
" Unless otherwise given.
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Table A5-13: Concentrations of heptachlor and heptachlor epoxide in human adipose tissue.

Compound Source Year Concentration [ngig fat) Reference
Heptachior General population adipose 1880s to 1870s 10480 IARC (1831}
epoxide tssue
Heptachlor Adipose tissue, six Ontario 1984 2-150 [males) Williams et al. (1288)
epoxide communities, Canada 2107 (females)
Heptachior Adipose tissue, Osaka, Japan 19881887 2472 Kashimaoto et al.
epouide (1BED)
Heptachlor 183 children, Germany 19351888 G (mean) Teu'el etal. (1080)
87 (maximum)
Heptachior 183 healthy children, German 19851888 4 (mean) Teufel =t al. (1820)
sposide 80 {masimum)
Heptachior Morth Texas, USA 1887-1888 A7 (mean; age 21-40 years) Adeshina & Todd
epoxide T3 (mean; age 41-60 years) (12a0)
142 (mean; 61+ years)

Heptachior From cadawvers, USEPA survey 10991283 Quintana et al. (2004)
epoxide

175 Mon-Hodgkin's lymphoma Mean 120 for cases

CE5ES

481 controls Mean 102 for controls
Heptachior From surgical operations, Manisa, 10951206 Mean 121; range 30-318 Cok etal. (1008)
epoxide Turkey
Heptachior 50 patients (586 years old); 1894 <0.5-1810 Alawi et al. (1882)

mabes and females, Jordan
Heptachior 50 patients (3—26 years old); 1984 <10.5-1340 Alavi et al. (1282)
epoxide males and females, Jondan

Table A5-14: Concentrations of heptachlor and heptachlor epoxide in human breast adipose tissue.

Mean concentration (ngig

Compound Source Year adipose tissue) Reference

Heptachlor epoxide Breast cancer study, Connecticut,  1BET 138 + 53 (cases) Falck et al. (1992)
USA (cases) 121 + 53 [controls)

Heptachlor epoxide Breast cancer study, Finland 18851088 30 + 20 (cases) Mussalo-Rauhamaa =t

20 + 20 [controls) al- {1220)

Heptachlor epoxide Breast cancer study, S3o0 Paulo, ng 274 (cases) Wassermnann et al.
Brazi 44 (controls) (1978}

Heptachlor Poland: non-cancer patients aged  1807-2001 Median 2.5, maximum 80 Struciski et al. (2002)

15-T4 years (43% positive)

n.g. = not given
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APPENDIX 6: GENETIC AND RELATED EFFECTS OF HEPTACHLOR AND

HEPTACHLOR EPOXIDE

Table AG-1: Genetic and related effects of heptachlor.®

Result®
Without With
EXOJENOUS EXOQENOUS
metabolic metabolic
Test system system system Dose” (LEDVHID) Reference
In vitro
Salmonella typhimurium TA1538, TA19TE, - NT 2000 pgidisk Rashid & Mumma (1986]
differential toxicity
5. fyphimurium TA100, TA1535, TA1537, NT - 5000 poiplate Simmon et al. (1977)
TA1538, TA9E, reverse mutation
5. fyphimuriuwm TA100, TA1535, TA1537, - - MR Probst et al. (1981)
TA1538, TASE, G486, C3078, D3052, reverse
mutation
5. typhimurivm TA100, TA1535, TASSE, reverse - +)° 10 paiplate Gentile et al_ (1382)
mutation
5. typhimurivm TA100, TA1535, TA1537, - - 5000 pg'plate Moriya et al. (1983)
TA1538, TASE, reverse mutation
5. fyphimurium TA100, TA1335, TA1537, - - 333 polplate Zeiger et al. (1987)
TASE, reverse mutation
5. typhimuricm TA100, TA102, TASE, TAST, - - 1000 pg/plate Mersch-Sundermann et
reverse mutation al. (1988)
5. fyphimurivm TA1535, TA1536, TA1537, - - 1000 pg/plate Marshall et al. (1976)
TA1538, reverse mutation
Escherichia coli WP2, K12, differential toxicity - NT 2000 pg/disc Raghid & Mumma (1986]
E. coli WP2, WP2 uvrA™, reverse mutation - - MR Probst et al. (1981)
E. coli WIP2, hor reverse mutation - - S000 poiplate Mariya et al. (1983)
ColE1 plasmid DMNA strand breaks (from E. col - NT 100 Griffin & Hill {1978)
K12 ColET)
Bacillus subiilis rec straing, differential toxicity - - 356 pg'mi Matsui et al. (1989)
Saccharomyces cerevisiae D4, gene - - MR Gentile et al. (1952)
conversion
Unscheduled DMA synthesis, rat, mouse, and - NT T Maslansky & Williams
Syrian hamster primary hepatocytes in vitro (1981)
Unscheduled DMA synthesis, Fischer 344 rat - NT 3T Probst et al. (1981)
primary hepatocytes in vitro
Unscheduled DMA synthesis, rat pimary - NT T Williams et al_(1989)
hepatocytes in vitro
Gene mutation, mouse lymphoma L5178Y + NT 25 McGregor et al. (1988)
cells, Tk locus in vitro
Gene mutation, rat liver epithelial ARL cells in - NT w Telang et al. (1982)
vitro, Hprt locus
Unscheduled DMA synthesis, human VA-4 - + kT Ahmed et al. (1977)
fibroblasts in vitro
Inhibition of intercellular communication, rat + NT 0.37 Telang et al. (1982)
liver epithelial ARL cellz in vitro
Inhibition of intercellular communication, + NT 10 pgiml Kurata et al. (1982)
Chinese hamster V79 cells in vitro
Inhibition of intercellular communication, male + NT 187 Ruch et al_ {1990}
Fischer 344 rat primary hepatocytes in vitro
Inhibition of intercellular communication, male + NT 187 Ruch et al. (1990)

BE6C3IF1 mouwse primary hepatocytes in vitro
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Table A6-1 {Contd)

Result®
Without With
EXOJENOUS SXOgenous

metabolic metabolic
Test system system system Dose” (LED/HID) Reference
Inhibition of intercellular communication, + NT 10 Momata et al. (1996)
human breast epithelial cells in vitro
In vivo
Drosophila melanogasier, sex-linked recessive - 1 ng, injection Benes & Sram (1963)
lethal mutaticns
Gene mutation, lac! transgenic mouse liver - 20 mig'kg of diet, Gunz et al. (1993)
assay in vivo 120 days
Dominant lethal mutation, male ICRHa Swiss - 24ip=1;10pox5 Epsteinetal. (1972)
mice
Dominant lethal mutation, CO-1 mice - T5and 15 Ameold et al. (1977}

HID: highest ineffective dose; ip: intrapentoneal; LED: lowest effective dose; NR: not reported; NT: not tested; po: oral
* From IARC (2001) ; * from JMPR (1952).

& +, pasitive; (+), weak positive; —, negative.
£ In vitro tests, ug/mi; in vivo tests, maikg body weight per day, unless otherwise noted.
? Technical grade.
Table A&-2: Genetic and related effects of heptachlor epoxide.®
Result®
Without exogenous With exogenous
Test system metabolic system metabolic system  Dose”™ (LEDVHID)  Reference
Aspengillus nidwans, foreand - NT 10 450 Crebelli et al. (1033)
mutation
A. pidulans, mitotic crossing-owver - NT 10000 Crebelli et al. (1038)
A nidulans, aneuphoidy - NT 10000 Crebelli et al. (1833)
5. typhimunium TA1533, TA1538, - - 1000 pg/plate Marshall et al. {1876)
TA1537, TA153E, reverse mutation
Unscheduled DMA synthesis, human - + ae Ahmed etal (1877)
VA4 fibroblasts in vitro
Inhibition of intercelular & NT 10 Matesic et al (1984)

commaumication (dye transfer). rat

fver WE F344 cells in vitro

Inhibition of intercelular + NT 1 Momata et al. (1098)
commamication, human breast

epithelial cells in vitro
HID: highest meffective dose; LED: lowest effective dose: NT: not tested
From IARC (2001).
+. positive; —, negative.
I witro tests, pgimi; in vivo tests, mg'kg body weight per day.

Loss of intercelular communication was characterized by a substantial, sustained koss of connexin 43 immunestaning within 1580
min of treatment; at least in human cells, there was no reduction of connexin 43 mRMNA
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APPENDIX 7 — OUTLINE OF THE SPECIES SENSITIVITY DISTRIBUTION
METHOD
(DUTCH STATISTICAL EXTRAPOLATION METHOD) USED TO DERIVE
GUIDANCE VALUES FOR HEPTACHLOR FOR THE PROTECTION OF AQUATIC
SPECIES

Introduction

The traditional approach to using single-species toxicity data to protect field
ecosystems has been to apply standardized assessment factors, safety factors, or
application factors to the lowest toxicity figure for a particular chemical. The
magnitude of these safety factors depends on whether acute or chronic toxicity figures
are available and the degree of confidence that one has in whether the figures reflect
the field situation. Most of the factors are multiples of 10, and larger factors are
applied where there is less certainty in the data. For example, a factor of 1000 is
generally used for acute data. This factor of 1000 includes a factor of 10 for
extrapolating from laboratory to field, a further factor of 10 for a limited data set, and

a factor of 10 for conversion of an acute end-point to a chronic end-point.

Concerns have often been raised as to the arbitrary nature of assessment factors
(Chapman et al., 1998) and the fact that they do not conform to risk assessment
principles. OECD (1992) recommended that assessment factors be used only when

there are inadequate data to allow statistical extrapolation methods to be used.

The following sections briefly outline the statistical extrapolation method used to
derive the heptachlor guidance values for the protection of freshwater and marine
aquatic organisms for this CICAD. Much of the text is taken directly from the
Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC/ARMCANTZ, 2000).

Use of statistical extrapolation methods

New methods using statistical risk-based approaches have been developed over the
last decade for deriving guideline (trigger) values. These are based on calculations of a
statistical distribution of laboratory ecotoxicity data and attempt to offer a
predetermined level of protection, usually 95%. The approach of Aldenberg & Slob
(1993) has been adopted in the Netherlands, Australia, and New Zealand for guideline
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derivation and is recommended for use by the OECD. It was chosen because of its
theoretical basis, its ease of use, and the fact that it has been extensively evaluated.
Warne (1998) compared in detail the risk-based and assessment factor approaches

used 1n various countries.

The Aldenberg & Slob (1993) method uses a statistical approach to protect 95% of
species with a predetermined level of confidence, provided there is an adequate data
set. This approach uses available data from all tested species (not just the most
sensitive species) and considers these data to be a subsample of the range of
concentrations at which effects would occur in all species in the environment. The
method may be applied if toxicity data, usually chronic NOEC values, are available for
at least five different species from at least four taxonomic groups. Data are entered
into a computer program and generally fitted to a log-logistic distribution. A hazardous
concentration for . per cent of the species (HCp) is derived. HCy, is a value such that the
probability of selecting a species from the community with a NOEC lower than HCy, is
equal to p (e.g. 5%, HCs). HCs is the estimated concentration that should protect 95%
of species. A level of uncertainty is associated with this derived value, and so values
with a given confidence level (e.g. 50% or 95%) are computed in the program by
attaching a distribution to the error in the tail (Figure A7-1). The ANZECC/
ARMCANZ (2000) guidelines use the median of 50% confidence.

03 —
Logistic density function
. 02 -
=
&
S 4
=
01
0.0 Tt T T T T T 1 \T-L—_T_'“'l
o] 4 i -2 0 2 4 [
log HCS log {NOEC)

Fig. A7-1: The Dutch statistical approach for the derivation
of guidance (trigger) values (from Aldenberg & Slob, 1993).
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HCs is estimated by dividing the geometric mean of the NOEC values for m species by
an extrapolation factor K(OECD, 1995), where:

L= exp(m x K)

and where:

e Smis the sample standard deviation of natural logarithm of the NOEC values
for m species,
e Kis the one-sided tolerance limit factor for a logistic or normal distribution

(from computer simulations).

The Aldenberg & Slob (1993) extrapolation method is based on several critical
assumptions, outlined below. Many of these are common to other statistical

distribution methods:

e The ecosystem is sufficiently protected if theoretically 95% of the species in the
system are fully protected.

e The distribution of the NOECs is symmetrical (not required in the
ANZECC/ARMCANZ [2000] modification).

e The available data are derived from independent random trials of the total
distribution of sensitivities in the ecosystem.

o Toxicity data are distributed log-logistically, i.e. a logistic distribution is the
most appropriate to use.

e There are no interactions between species in the ecosystem.

e NOEC data are the most appropriate data to use to set ambient environmental
guidelines.

e NOEC data for five species are a sufficient data set.

Modification of the Aldenberg & Slob (1993) approach

The Aldenberg & Slob (1993) approach assumes the data are best fitted to a log-logistic
distribution. For some data sets, however, a better fit is obtained with other models. By
using a program developed by CSIRO Biometrics, the data are compared with a range
of statistical distributions called the Burr family of distributions, of which the

log-logistic distribution is one case. The program determines the distribution that best

fits the available toxicity data and calculates the HCs with 50% confidence
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(ANZECC/ARMCANZ, 2000); this method has been used to calculate the HCs for
heptachlor.

Application to the data set for heptachlor

For both the freshwater and marine risk assessments, acute LCso values were each
converted to chronic NOEC values using an acute to chronic ratio of 10
(ANZECC/ARMCANZ, 2000); it would be better to use experimentally derived acute to
chronic conversion factors, but these were not available for heptachlor. It should be
noted that the algal ECso values were regarded as chronic. These chronic values were
then each converted to chronic NOECs by applying a factor of 5, according to
ANZECC/ARMCANTZ (2000) guidelines, prior to the species sensitivity distribution

being undertaken.
Freshwater guidance value

Twenty-three freshwater data were used from Table 8 (section 10.1), and from these
data were developed calculated chronic NOECs (see Table A7-1). Non-standard test
end-points such as total cell volume reduction and deformations were not included.
Geometric means of multiple test results from the same species over the same time

period were calculated.

Using the calculated chronic NOECs, the HC5(50) — i.e. the hazardous concentration
to protect 95% of species with 50% confidence — was 0.08 pg of heptachlor per litre.
However, heptachlor has a log .ow of greater than 4; therefore, it has the potential to
bioaccumulate. To account for this, the HC1(50) value has been used to recalculate a
moderate-reliability guidance value. Using the calculated chronic NOECs, the HC1(50)
— 1.e. the hazardous concentration to protect 99% of species with 50% confidence —
was 0.01 pg of heptachlor per litre. This is a "safe" value to ensure protection against

chronic toxicity for most species (see Figure A7-2).
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Table AT-1: Toxicity end-points and caleulated chronic
NOECs used in the derivation of a freshwater guidance
value fior heptachlor.

Calculated
Heptachlor chronic
concentra- NOEC
COrrganism End-point  tion {pgil) (g}

Algae

Green alga 98-h ECx w 54
(Pseudokirchner-  (growth

iella subcapitats)  inhibition)

Invertebrates

Water flea 43-h LCsx ED ]
|Daphnia

magns)

Water flea 43-h LCx 1.3 g1
[Simocephalus

semulatus)

Amphipod 08-h L 47.3" 47
[Gammarus

fascizfus)

Amphipod 86-h LG '] 20
(Gammarus

facustris)

Crayfish Orco- 88-h LG 0.5 0.05
necfes nais)

Grass shrimp 98-h LCs 1.8 02
(Palaemonetes

kadizkensis)

Snail (Aplexa 08-h LCs 1450 145
hypnomm)

Stonefly 896-h LG 28 0.3
[Clzzs5enia

sabuloss)

Stonefly (Plero-  88-h LGy oe 0.09
narcela badia)

Stonefly (Pfero-  868-h LCs 1.1 0.1
narcys califor-

nics)

Fish

Rainbow trout B8-h LiCen 12.8* 1.3
[Oncorhynchus

mykiss)

Northem pike B8-h LC, 8.2 06
[Esox fucius)

Japaness 48h LCen 14 14
medaka [ Ovyzias

latipes)

Bluegill sunfish B8-h LCsn 157 16
(Lepomis

macrochings)

Redear sunfish B8-h LCs, 17 1.7
[Lepomis micro-

lophus)

Guppy (Poscilia  28h LCs 110 11
reficulafa)

Fathead minnow  G0-day D.88 0.8g*
[Fimephailes NOEC
promeias)

Goldfish 08-h LCs 230 23
| Carassius

auraius)

Channel catfish B5-h LCsa 25 25
(letziurus

punctafus)

Black bullhead 08-h LCs 63 6.3
[letalurus melas)

Largemouth B8-h Ll 10 1

bass [(Microp-
tenus salmoides)

Amphibians
Fowler's toad B6-h LCsn 435 435

|Bufo wood-
howsei fowvder)

* Geometric meaan.
® Taken directly and not caloulated.
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Results from Distribution fitting
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Concentration (wg/L) of Toxicant in the freshwater environment

Fig. A7-2: Probability curve for heptachlor in the freshwater environment using
derived data from Table A7-1.

Marine water guidance value

Eighteen marine data were used from Table 8 (section 10.1), and from these data
chronic NOECs were estimated (Table A7-2). Geometric means of multiple test results
from the same species over the same time period were calculated. A short-term

18-week fish test LOEC (mortality) was not included.

Using the calculated chronic NOECs, the HC5(50) — i.e. the hazardous concentration
to protect 95% of species with 50% confidence — was 0.03 pg of heptachlor per litre.
However, heptachlor has a log Kow of greater than 4; therefore, it has the potential to
bioaccumulate. To account for this, the HC1(50) value has been used to recalculate a
moderate-reliability guidance value. Using the calculated chronic NOECs, the HC1(50)
— 1i.e. the hazardous concentration to protect 99% of species with 50% confidence —
was 0.005 ug of heptachlor per litre. This is a "safe" value to ensure protection against

chronic toxicity for most species (see Figure A7-3).
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Table A7-2: Toxicity end-points and calculated chronic
NOECs used in the derivation of a marine guidance value
for heptachlor.

Heptachlor Calculated
concentra- chronic
Organism End-point tion (pgd) NOEC (pgi)

Algae

Green alga 96-h ECgp 2260 452
(Dunaliella (growth

tertiolecta) inhibition)

Green alga 96-h ECsn a3 186
(Skeletonema  (growth

costatum) inhibition)

Green alga 96-h EC=n 270 54

(Porphyridium  (growth

cruentum) inhibition)

Invertebrates

Eastern oyster 96-h ECsp 817 08
(Crassostrea  (shell

virginica) growth)

Blue crab 48-h ECg 68 6.8

(Caliinectes
sapidus)

Mysid shrimp 96-h LCx 34 03
(Mysidopsis

bahia)

Korean shrimp  96-h LCs 15 15
(Palaemon

macro-
dactylus)

Pink shrimp 96-h LCs 0.06% 0.006%
(Penaeus
duorarum)

Sand shrimp 96-h LCq B 0.8
(Crangon sep-

temspinosa)

Grass shrimp ~ 96-h LCx 27 22
(Palaemon-

etes vulgaris)

Hermit crab 96-h LCx 60 6.0

(Pagurus
longicarpus)

Fish

Siriped bass 96-h LCx 3 0.3
(Morone

Ssaxatilis)

Spot croaker G6-h LCsy 0.85* 0.085

(Lejostomus
xanthurus)

American eel 96-h LCs 10 1.0
{Anguilfa
rostrata)

Northern 96-h LCx 190 19
puffer

(Sphoeroides

maculatus)

Pinfish 96-h LCx 4 0.4
(Lagodon
rhomboides)

Sheepshead 96-h LCs 6.6° 0.7
minnow

(Cyprinodon

varegalus)

Striped mullet  48-h LCg 33 03
(Mugil

cephalls)

* Geometric mean.
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Fig. A7-3: Probability curve for heptachlor in the marine
environment using derived data from Table AT-2.
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