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Scyliorhinus torazame, caught in four locations around Japan
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Abstract

Only a few biology- and ecology-based studies have been conducted on the bioaccumulation of polychlorinated
biphenyls (PCBs) and dichlorodiphenyl dichloroethylene (DDE) in sharks, which are the top predatory fish. We
analyzed the concentrations of PCBs and DDE in the cloudy catshark, Scyliorhinus torazame, caught in four locations
around Japan. A total of 30 sharks were caught from Aomori Prefecture (8), Fukushima Prefecture (8), Ibaraki
Prefecture (7), and Tsushima Island (7), The ranges of concentrations of PCBs on a lipid weight basis in the four
locations were 0.40-1.5ug/g, 0.41-1.6ug/g, 0.69-2.4ug/g, and 0.54-4.4ug/g, respectively, and those of DDE were 0.077
-0.82ug/g, 0.17-0.63ug/g, 0.25-0.78ug/g, and 0.48-1.6ug/g, respectively. Among the sharks caught from Tsushima
Island, the concentration of both chemicals was higher in mature males than in mature females. During ovulation, the
PCBs and DDE may be transferred into the eggs of the mature female. The ratio of DDE to PCBs in the sharks from
Tsushima Island was significantly higher than the ratios obtained in other locations. This result suggests the recent
use of DDT by developing Asian countries located to the south of Japan. The ratio of trichlorinated biphenyls to total
PCBs in Aomori Prefecture was higher than the ratios obtained in other locations. The difference in PCB composition
in sharks from Aomori Prefecture could be attributed to the Kurile Current. The main PCB isomers detected in
cloudy catsharks were IUPAC Nos. 153, 138, 118, 180, and 187, The influence of toxicity caused by the coplanar PCB

(IUPAC No. 118) in the cloudy catshark is a matter of concern.
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R EETE, b E oY) s EEIC AT RE IS,
TR OBIEEL N9 Th 5 2 &, B & Offitg
EPREWVIDIZZDOMALPKR#ETHL Z L, BEWEE
ERET2DOEMEBRDITEL TS I &k EWESE
EoT, SbhBEHIShTYE (BET, 2000).

LHEEOCFYE I X 2 EY~DIEGIE, YD EER
BroBD At Z £z T, ERROFTORYEH Y
REHL, FERREO_EAAEYICIERFES W CHEEI NS
(FH, 1977) ra3h3, 20Ok, HEBHILEYEITL
DETEIERBEEZETIZOL OLOBERELC TS, f
ZAE, 19924124 7V TR TDNY B A )vh Tirsiops
truncatus £NF 3> R 7 Grampus griseus D KEIEDFEE
X, FETEERDZ < 2 o HiEEE O PCBs o3& S h, &
PHEDFAECBE D > T 2 AR R S LT % (Cor-
solini et al., 1995), %7z, 7 XV AERE 7Y FMND
TR AT, 19804E12 DDT % & te 23K & I A
L, ZOB7 )7 =5 — DB HEERD RV E B
BH5 L7 alREMEDH 2 5T 3 (Gullette, 1998).

ZDEIBTEE»S, HRATIHRE L ThH-7- PCB %
WIS 2FEE LT, [RYVE(E 7 « = VEEY O#EIE
IS ALERHEAE\C BRI B IR L) CPEI3 R 5865%5)
W20014E 7 HI5H T & 1, Bb¥ T, BH215512B
W, FE{TH > S15FEOHMMIC BT 2 MENED 5T
w3, 7z, PCB® DDT % £ 2 & 12O R E HEH
HRYE D, 85E, RO, HEEEBRNLSmEO b
LfTO BT, BREMAERGREYEICET 2 A by 7K
WV AR (POPs 689) #320044F 5 HIZHZh s TH D
(BB, 2004), &1, IhoORETCOEAZERT 2
DERDHDEFEZOND,

VAR, WEHEARROSMICAEL T, PCBs®
DDT O k5 aERMEO D 2GR E 2 EREICERHL T
WwatFzohsd, LrL, ZOHREHEDH L Fifd -
Brid, 1974, BRIZ A, 1976, &K, 1976; Butler and
Schutzmann, 1979; Corsolini et al., 1995; Berg et al.,
1997; Lee ef al., 1997; Serrano et al., 1997), FFicV X448
DEVFR « LRRFHIHIFNCEED S ERFEIC O W TR
EAEHRESNTORVODERTH 2, ERMEODH 275
VB LT, BXHBETH 2 AHOLEYFN - &
BRI EDWT, ZOERFEERHOPICTZ L
X, HAHOBEHICKT 2, KEZEICEHD 2EY Y
FFEEL T REREOHFRNZIEET 2 bro b, &
BEThbEEZD,

N Z ¥ X Scyliorhinus torazame 1%, b+ 7 % X F}
Scyliorhinidae IZJ&3 5. A, JL¥EELIRE O HATYE
W ogE, hE, 74V riEEE TILLSamL, KE
100m HifRICAEE T 2RERDOY X TH L (FEH - FH,
2000). ZIEREIZINAE T, &R 40cm FifE TR = T
% (Horie and Tanaka, 2002). A%, K=Y, R,
JEIEfR e K THHES N DD, KEWE L THIHSNS Z &

34

IFEAER W, Ei, MORTREEEINLAEDI BD
EHRTH%EEHD TS (FAR, 1994).

ZDESC, PIPRZHEEMIOML, ¥ AFHEL
TN E & F > THESNL T DBEFHITRETE 5,
AR CIIHEAZHMTREL b T F X2 H Y, KED
PCBs & DDT Of#EY TH % DDE (Dichlorodiphenyl
dichloroethylene) DO HLRIL & = DEFREZ A S 212
T ERHME L.

2. MEtEHE

HE #H

SHELE LT, 1998F10H 5128 0z, BHHREREIR
MCEE L ERMCREESh, NFRTg TRESNLL
b 7YX QR (M 4 (A, HE4 W) Z8REL . &
7z, 199810 H I B IRA / T 8 4R (i 4 {4k,
4 AR, 19984 9 A IR R < 7 AR (M 6 1,
T 1), 19984 8 H I Rl IR B < 7 A4k (M 3 1
R, 4 A 2, ZRZNOERCEREL LERME TR
£ L7 (Fig. 1), #AITHERE b TR L CEBR=E
WFREBIRD, MHRceRk o RELEE LS 21T 7z,
Tl BRI fE vy (Horie and Tanaka, 2000), 4:%es
BHOFEGERID S BB R HE L., £/, FFEZEERDY
HLTCHEEZEEL, U TOHETHEAN®OPCBs &
DDE % #lE L 7z,

2) PCBs & DDE O & & U AE

FFigi % = — 2 MRIZKEY F 4 LT, 2-5g ZFFELL,
IRIEAFY > 20ml 22 CIRMERES LT, fRE%
ANF YT L, Z0%, =008 (3000rpm, 1043
) 217> C, ~FHrEEFYHE 7 I 2aiEIL 7.
ZOMPFIL 2 BT o7z, &5, BRI 7 > 10ml &
AF Y 10ml Zh0z T 3 KR & 5 L, ZK¥ K 10ml i
ZTHULMHRE 5 L, @ (1055 BFv v
J@aREN L7z, EIRLAFY3EbETe—5 ) — -
INR VY — 8 —CYRiE, HEL, IBEEREZEE L.
STk, BARIE (1971) w7 vh ) ik % i
Wz, ZORETEMHLZEBEEZT VA Y T VA=V T
ATk, IBESCHCEEND XTIV
DE¥EB LI UZOMOYEYME 25T 2Lk,
PCBs DA ZSHTE %, B IDHETIE, DDT X
#¥CcdH s DDE 1Z, PCBs L FEDZEF 22~ L, DDT ik
EEMIZ DDE 1221t %, ZD7z®, DDT & DDE &
#% DDE & L CHEICERTE 5. A#HTIE, p,p-DDE
WOWTHIEL, [BEZ2=A77 A2 (BG00ml) &L
T, 50ml @ IN-KBEILA Y 7 ALy / — VKK (KOH-
EtOH) %z, V—ty tyHigR%E D1I80°CT 1 KefER
Tl 7z, MBS0 CIE E £ THHIL, 50 CoEEKk
(50ml) E~FH > (50ml) ZANTBWI A F—THIS
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Fig.1 Map showing the sampling locations of cloudy catsharks.

Woa— 1 (300ml) W2z T, S54iIRES LTAFH
WHRA LTz, Sha LIEe SHE L7k, KEZET, &
SICZERE K 50ml 2Nz TAYELE 2 3 EfT> 72, wih
DEEL, TNy a VEREL, KEMERZIEAAF Y
JEDEINEZFH&E Lz, [\ L 7z~ 3 v E O EIGR I
$#195.4% ThH H, REWGHZDWTIE, EEOFHERICH
EL7, Rig, BIUIe~F Y B EREF M7 I 2312
BLT, o—%)—- - 2RV —F —TEHEL .

YVATNMIC K BorHE - FEIE ALY v LC-Si A
— MV v (Supelco, inc., ATH—1+ VY v Y LHKT) %
FAWTNFa—Lb~v=KR—)VKETTol, #—h) ¥
EAF¥Yy @Qml) Tavi4va=r7 LT, PCBs &
DDE % & e ifdf Lic ~F 0 V% (Im) %, 27—tV
v WREHIL, YU AT NVIEEES ST, TDOHK, ~FY
> 9ml 2T Z L2 &> T, PCBs & DDE % & tr4)H %
Bz, chka—F ) —« TRV —F —TEHEL T, &
s 2 1-1.56mlic Uiz,

Fr IV —H72L (HP-5 cross-linked 5% phenyl
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methyl silicone, 30m, 0.25mmlID) % #3 L 72 GC-MS
(FAZ7a<w b7 T 7EES5HET Hewlet packard-5890
II, 5972) WHREBWHRZ ATV v bV AFEAL, SIM
(Selected Ion Monitor) & — K T PCBs & p,p’-DDE %
EME - BRI, SMEHEUATOMEY Ths, 77 LE
X, 60°CT 1 2fERFE, 15°C/min T180°C % THIE,

T 5°C/min T300°CE THIEL, 240[ERFFL 2. B
FREAER DI 13280°C, ISR 235 5 E4312300°CD
BEZ» 1T, GC-MS DA > —7 = — AFEA32#9190°C
DULE %57, PCBs i, 3, 4, 5, 6, 7, 8 k[EI Ak
WXIR LT, ZNENOEEE m/2256, 292, 326, 360,
394, 43012, DDE iz m/z318 ICE&E L CZ N ZFNkH L
7o, SEERIC AW EHERR X, PCBs OIE#E) £ 7 o —
VELE D KC-300, 400, -500, ¥ &£ ' -600 % Y EEE
L 7z 1Ippm ~F ¥ Y iE¥k £, DDE O fE#E 5 > 500ppb ~
FH B EA W, %8, PCBEDDEEEIX, Th
FNEEEREOBM LIV ICEEN LMW EOERE LT
Kotz ¥z, EBRETICHIZD, FEYFARALTH

35



YT B - Hige - |l

B U 7z38%Hz, PCBs & DDE OEHERSHE % RN L C D [Hl
WGERER % 3 [l DR U7z, m195% A E O RIS & h
FHMERREFCH > 72,

3. #& R

1) €K ¥ PCBs & £ U DDE D%

BHREBOMERNOIRE&ERIE, HEZNZ1T10.6-
36.0% & 12.2-50.2% T & - 7= (Table1). i ;N o
PCBs M4 1%, MET0.49-1.4ug/g, T 0.40-1.5ug/g,
DDE 5513, 1T 0.14-0.81ug/g, T 0.077-0.82ug/g
Thotz. MEOHIEN O PCBs & DDE J&£E1%, L b4
£ 152mm DRL AV B KL, 25K 470mm O L H 5
BfEiz~ L7 (Figs. 2a and 3a). Ht® PCBs & 134 E
331mm, DDE & X £ £ 205mm O 7 % f 28 i K T,
PCBs & DDE ¥/ i3 & % 12 £F 501mm O 5 fa 23 i & il
L7z,

BEROMNORE & HF1Z, MifEZznZTh T35.5-
52.0% & 25.7-50.2% T & - 7z (Table1). T i N o
PCBs i J¥ 13 M T 0.42-1.3ug/g, I T0.41-1.6ug/g,
DDE # % 13t T, 0.20-0.63uxg/g, T 0.17-0.63ug/g
Thotz., MEOIFIEKN O PCBs & DDE {2 1X, & blc4
£ 386mm DRK AN RIE T, ©F 443mm O LA HRE
%~ L7 (Figs. 2b and 3b). ffi® PCBs & DDE #4f
i, & HIZEE 299mm O KK AP RIE T, £KE442mm
DA EEE R LT,

FKWIROIFIEN OIRE & B2 1%, HEZhZn T 28.8-
52.0% & 36.2% T®H -7 (Tablel). FFlEA @ PCBs
&%, M TO0.69-2.2ug/g, M T2.4ug/g, DDE ¥ 11X
T 0.25-0.78ug/g, HETO0.71ug/s TH -7z, DI
WO PCBs & DDE #F£ 13, & b4 E 433mm DK fan
RIKT, 2F 430mm QAR EME %R L7z (Figs. 2c
and 3c).

ORI OIRE &HB F1E, MEZhZh TI18.4-
46.2% ¥ 31.4-40.2% TH -7z (Tablel). FHEPND PCBs
L, MET0.54-0.99ug/g, HET0.81-4.4ug/g, DDE
EEITMET, 0.48-0.72ug/g, HMET0.53-1.6ug/g TH -
72, MEDFFIEN @ PCBs & DDE 1%, & b Ic4£F 354

mm DRFADRET, ©F 420mm O A REHE %R
L7z (Figs. 2d and 3d). f#® PCBs & DDE ¥} 1%, &
b I E M4Tmm O RKF AN RE T, PCBsEE &R
421mm O, DDE #EE 3£ R 432mm O L AH R E
HERLUTz.

PEDZ ks, ¥ T PCBs & DDE J45E % s 5
5 &, SMEOHEOKAPHIRE E D ICHWIERE 2R LT,
—7, SHEOREAECPHORK AT, s~ PCBs
BEEIXIZE A EZED ST, DDEEENPREWEE T L.

2) PCBs & DDE EEDER

&YFE 2 L OFFIEA @ PCBs (X) & DDE (Y) #E D
BAMRIC DWW TR L 72, B D BAR & HElE D D ¥ TR
21T - 7228, FAO¥RIC BT & A2 BRI
w5, UWTFOEFRAES 7 (Fig. 4).

HAE Y=0.64X—0.12 (r=0.881)

fREE: Y=0.41X—0.26 (r=0.983)

FIIE: Y=0.18X+0.25 (r=0.882)

5 Y=0.39X+40.23 (r=0.924)

ZNZTNOWEEHMT, BREHFOES LU cowTHh
S RIT- 2. BE/REORBEMRIZEEE, KRE,
HEOWFNOEIFERE b, EROES ICEERENE
o (f@E: Fcal=11.11, YI: Fcal=20.22, *fH:
Fcal=13.21, P<0.05) H7%57-.

BEE L RIFEORFERICIEEREZRRD s Lty
572 (P>0.05),

E 7z, MEORFELRICIE, REBRERBELESCH
BRhERRED oo (P>0.05) 25, YIFiEZzhz
NEBELREIRDONEL -7 (@EE : Fcal=8.28,
IRIE Feal=6.89, P<0.05),

3) PCBs #AK

PCBs 1%, BRI T5H5-68, faksE T66-72, IR T37
-71, X T59-65 5 F it L7z, PCBs OEFEES, #
MARDOZHRCHEEZE S R oo T le, Hilid b
T PCBs #HE{ I D W T L 72,

PCBs #8103 % 4% PCBs IR D& % Ml H b ¥
Trd (Fig. 5). &YKL b2 6 HALLEY R D % <

Table1 The PCBs and DDE concentrations in the livers of sharks from four locations.

Location Aomori Prefecture Fukushima Prefecture Ibaraki Prefecture Tsushima Island
Date October-December 1998 October 1998 September 1998 August 1998

Sex Female Male Female Male Female Male Female Male
Number of specimens 4 4 4 4 6 1 3 4
Total length (mm) 152-470 156-501 307-443 255-442 390-470 450 322-420 347-432
Fat in liver (%) 10.6-36.0  12.2-50.2 35.5-52.0  25.7-50.2  28.8-52.0 36.2 18.4-46.2  31.4-40.2
PCBs 0.49-1.4 0.40-1.5 0.42-1.3 0.41-1.6 0.69-2.2 2.4 0.54-0.99 0.81-4.4
DDE 0.14-0.81 0.077-0.82 0.20-0.61 0.17-0.63 0.25-0.78 0.71 0.48-0.72  0.53-1.6
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Fig.2 Relationship between total length and PCB concentration in female (@: immature, O: mature)
and male (A: immature, A: mature) cloudy catsharks from Aomori Prefecture (a), Fukushima
Prefecture (b), Ibaraki Prefecture (c), and Tsushima Island (d).
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Fig.3 Relationship between total length and DDE concentration in female (@: immature, O: mature)

and male (A: immature, A: mature) cloudy catsharks from Aomori Prefecture (a), Fukushima
Prefecture (b), Ibaraki Prefecture (c), and Tsushima Island (d).
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Fig.4 Relationship between the PCB and DDE concentrations in the livers of sharks from Aomori
Prefecture (O), Fukushima Prefecture (A), Ibaraki Prefecture ([J), and Tsushima Island (X).
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Fig.5 Relative composition of six PCB congeners in the livers of sharks from four locations. Cl,
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indicates the number of chlorine atoms.
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Fig.6 The PCB isomers, IUPAC Nos. 118, 138, 153, 180, and 187, as a percentage of the total PCBs in

the livers of sharks from four locations.

i, HHRET.4%, @R T43.3%, ZWET
45.6%, METAT. 4% Th -7, WEE 316 5HfE-> 72
PCBs ® & &t & 13, Z h £ h 21k D37.2%, 35.5%,
36.2%, 21.0% 7T, XBETIE, o 3 ¥EHIc b TEWE
ATh-ole, T, BHRETE IHEMMMLEMOEE D
4.1% &, EZrOEBICLEXTh TR E» -T2,

PCBs &zt 3 2 T2 5 B30 PCBs OE| & % ¥k 5]
s (Fig.6). &gl & & 1c 3% 7% PCBs i3 1%, 6
HAL{E & D TUPAC No. 153 (2,2,4,4',5,5'-HexaCB)
THMRETI18.9%, WEIET19.2%, KWIET20.2%, Xt
F5 T23.6%, ol HERE BER, XKWEI
IUPAC No. 153, 138 (2,2',3,4,4’,5-HexaCB), 118 (2,
3,4,4,5-PentaCB), 180 (2,2',3,4,4,5,5-HeptaCB),
187 (2,2,3,4,5,5,6-HeptaCB) 0 JH 1 @k 12 5 ® 3
PCBs DEIENE L, FESKRAPL T THERENLMED
48.5%, fREIRAHY49.29%, KWIR50.5%% D7, 2D 3
W T3, PCBs DEBERSICHE L EVIZR o205
7z. %t Tix, TUPAC No. 153, 138, 180, 187, 118 ®
E 1z &kiz 5 & % PCBs OEIG W E <, FE5KH720
T D58.5%% 5 7z, B D PCBs ik %, XD
3 ¥EE Iz -~ T IUPAC No. 180 & 187 D 5% 3 EI&NE
mo iz,

4. i

1) PCBs & DDE M54k

AFE» S U7: PCBs I HIFH X, 19724FICEEE L
TeREE D KR P A Mustelus manazo @ PCBs 1 & 22-
T0ug/g CHfE « #f, 1974) CHENTERS TIRWETH

40

% (Table2)., UL, I TGSz, M E
gD 6 YFIRISE D Y X FH D PCBs 12 E O #ipHlx, » 5V
TEEBWD T N H T AP X Etomopterus princeps @ 0.015
ng/g S EHEE D € 2 YW X Centrophorus fabricii D
3.3ug/g DEHTH -7 (FARIE», 1976, "R, 1977,
Berg et al., 1997; Lee et al., 1997; Serrano et al., 1997).
AIEDHERIE, HEADWRFRTH 2 HEE O K ¥ X 2R
<, AMEESTEESR O AFHERE, b LIRETEHYN
VTHDEFZbNT,

2) FFERBE & PCBs & & U DDE MRSf%

AFED PCBs & DDE I & % 4L ~L % Hii i ¢ g
T2 &, SEMOHEORK AL, fMhyEEkic b~ TPCBs &
DDE & b ic@mWER R LTz, 7Y T4V A7k & DHEE
WA OM O %E, KN O PCBs & 0% YE I,
FEH L TR~ S, R L 72 D PCBs 1
BT 3 2 LGS TWS (Tanabe ef al., 1986).
—F, WHKERORED 7 7 7Y 7 % X Squalus
acanthias Tl%, fFEaLU» & PCBsAfEH &N Tw 3
(Butler and Schutzmann, 1979). AfEIZII4ED Y X T,
BEINX 2 - 3 ORE T, —EIC 1.5g O %Z 2 [
PPN % (Horie and Tanaka, 2002), AHWI%ETOMEDRL
FBORE X 225-488g TH Y, —EIOFEINC BT 5 INEE
DEIEE, KED0.6-1.3% CHET 2, DI b,
HEZEEINC & D IR 2 RMCHE T2 £ F 2 o0, T
DR FIE, MO XS THERYEOH TR vwizd
W2, MEICHERTERETEET 2 eF 2 65, HEARH
TRELR VY X M. manazo TiX, MICEBRT2I1ZE
BRENEL, ME#EREZ/NS B EEEaRTWS
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Table 2 The concentration of PCBs and DDT in sharks from previous reports.

Location Species name n PCBs (ug/g) DDT (ug/g)
Coastal water
Tokyo Bay (Shinma and Shinma, 1974) Mustelus manazo 7 22-770
Oceanic water
East China Sea (Takagi ef al., 1976) Squalus mitsukurii 1 0.37
South China Sea (Takagi, 1977) Loxodon macrorhius 1 0.83
Karolin Islands (Takagi, 1977) Isurus oxyrinchus 1 0.40
Alopias superciliosus 1 0.084
Carcharhinus plumbeus 1 0.11
C. albimarginatus 1 0.10
Deep sea
Suruga Bay (Lee et al., 1997) Deania calcea 2 1.0 0.91
Davis Strait (Berg et al., 1997) Centroscyllium fabricii 9-10 0.55%0.26* 0.96+£0.64*
Canary Islands (Serrano et al., 1997) Centrophorus squamosus 1 3.3
C. coelolepis 9 0.060-0.49
C. cryptacanthus 1 1.0
D. calcea 1 0.038
D. profundorum 1 0.56
Etmopterus princeps 2 0.015-0.87

* Mean+SD

(Yamaguchi et a/., 1998 and 2000). AFEDMKHEFE
b, BRE>SHEERSKWE>S HEMOMEI/NS ko T
W3 (Horie and Tanaka, 2002). AFIEFETIX, AL
Rt 2 eREOE & E < (Taniuchi, 1988;
Horie and Tanaka, 2000; ¥&{T « HH, 2002), PEEEC
ET L EERESHMET 2 EFEz oD, ZDH, TR
BOEEO#IIC & by, FEOKREbts 25,
LWVE SRR Ep oI A NG T B ooz, FRECED
AFNDEREOREIMT2FEz o605, ZDZ
LS, SHEMO TR, MR E REEELIE O
WA TS, FIIICHEOKR & SIET 272012,
PCBs & DDE OEEXEEIM L 7- 2 &3 F 2 o iz, —
77, SRS D 3 WO A DM X, ML Th
THREWPREETH - . THIIHEOEINRBRD D 720
Tewiz, ERFSICHERESh Tz wizwh, RGO
BREDSE IR TESL L TH 272012, HEOREENIZ L
AEBEMLTuRWI ERENFEZ 6N, N TV XDER
PERHE, FEINEE, GRMEOENANDOR D A SR
&, BEINMZFES BEHEZR Y, L VEEHAHESLETH S
EFZ oz,

KEfTO PCBs I 2 Il 4 2 &, AHEOE Gkl
FRENIZIERV_IVTH S EFEZ 6N, N THFR
i, RBRNCET 2 F X B W X Cephaloscyllium umbratile
(Taniuchi, 1988; &L « H, 2002) %, ¥ €V ¥ X Galeus
eastmani £ =1k > ¥ €)Y X G. nipponensis (Horie and
Tanaka, 2000) OB & FFRICIERERNKT, EEEOE
Yz, ZOWRCAER T 2L REMEHRL TV
peFEzZoND. £oTC, KDL %5 ALY DGR
RIIE, ¥R L > THEFICRZS T, v~ Thd L
EZ o,

05280 25 (2004)

3) PCBs & DDE EENE%

PCBs & DDE BE OBk % # % & (Fig.4), PCBs &
JE DI > ¢ DDE IR WAHRE L 72, 5
B OREER, SHEMO b T Y X 3o T,
PCBsEE icxt 3 % DDERE S HEREICHE» > /2. DDT
=7 ) 7RO D ICEAOREETH EZIcFEHS
THH GEET, 2000), AL TRE L 7 REEAKS
@ DDT #E1X, HROmMAE TEV> (Iwata ef al., 1993).
F7, MARMTEREL Y A (Katsuwonus pelamis)
@ DDT RE L, My i, Hy i, HAEO L OV
< (Ueno et. al., 2003b), HARBLTRHRELIZANVAA S
(Todarodes pacificus) TdHEKED b DHE L, KEEH
KDEGREREL T3 (Ueda et. al., 2003a), 2D X5
2, HARDOFHHED DDT 23, ¥ERLEYIC & > GEE
N, PR TR OBEICERT ANERO N IV AI2ZFD
EENEHNTWEDO TRV EEZ SN, £, B
B 7Y 2T, PCBsIREOHIMZFES DDEIRE O
B g » o ¥t~ Tk & < (Fig. 4), PCBs &
DDE OEG LR B OHFHRIC LR THEIL > Tnwb 2 e
EZohic.

4) PCBs #5%

JFElg 2 & K S L7z PCBs OfHRL %l 3 2 &, Hik
BT 3 L bE DS, MBI T 7 EEEYDS, o
WEICHANTE L ko 7o, ARERREME, b
Lo ThETFIZX T 2 BIRIMEN R 2 720, kit & ORI
DEFWPVE IZHE R NE <, 2 OEA IXBEY) 7% £ ORL
FROZSOEREAKBIZE CHEEICRY, ZOME[» S,
B AR HL T, AR K E K O PCBs #H K 13 KHE K
SHRELTWS (HY, 1988) Lans, HHREDO LT
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PRIERTH2BWOEEEZ T T i, KER
RAMEL o TWbZEBFEZ N, £z, MEMHOD

FIZHRIE, HERELEVOBHRKEL LT, BEREKS
MEL Kol eRFz oz, Z0X S BEBOMBIIC
1% PCBs & DDT OBENTOEHICOWT, S% LD
MaHESLETH D EHZ .

FEEEMEARIZ, Ao T IUPAC No. 153, 138,
118, 180, 1877C, HWBL T—HDOX> ¥ vV ED 2, 4,
SANCHEHRNER T 2EE2H L T, RS CRE
Uteh YA (K. pelamis) WZHWTH153, 138, 180, 118
WEBLTHY (Ueno ef. al., 2003b), PCBs D3>+, &
NS DERMEENPERFIEZ LTV EXEbNS, %
7z, ITUPAC No. 1181344 4 ¥ ¥ > ¥ (Co-PCB) ®—
FTHD, WIMEEL EOFEEENE RSN S,

A

HREO b7 X ORETIE, TCHRILKEFFITIEAE
FREERE ARABRICTIRTIEBWIHEEL2K-> T
Wel2E, BELTWRREZEE L, BEROBRETII,
fRERA ERETEOTH SROIWIIC L VRET
XF L, KIMEOEETIE, 7277 7—NVIRKRE BR
TREEGAARII COBE DAL b, AT B1E
FROZHINCEVBEL Tl iP& T LT, SEBWOER
£, WORINEKERBISEEREHE  /IMRETE RO
CHICEVBEL TS L, WBOBE I
FIA T2 e FRICEL B LT,
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