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RRXEWHATFHEEHRXRERAELE (2~5mA150m) KK FRZMNEL, 2L P EMBS
OCPs ( <757 (HCHs) . # # (DDTs) .44+ (CHLs) ) #2 PCBs 4y & X 4 ik AE . AR BT, E
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SfE, H5 RAIK-DURY A R (R Be ., K-
R FK GO 3 T ) A Ak T A P AR AR
WCERE R AL CLE AN RS /K A ) 38 % X6 T 3t 5 Rt Al
PE B POPs 1Y 43 A1 F 23 77 A BB 5E 0 o K AR ER
X} POPs W 4ift - fig ) 2 e T H A B g g, H 3R
BiAT RS2 A Wy MR AL 27 5y g 27 0 52 ), ) e 52
YR ZE IR, BARINT, KE Kz % iR G
SRR ERE R T DL ORI ) | B R R TR AR
55, X POPs 1Y £ 43 A S P IR0 A 25 7 A 8 21
REM©, 7E 20 HE22 90 4F AR, Harnerd5 ™ 7E b UK VE 7R &8
TR K S v e B0 T 75 A 3 2 %t (Hexachlorocyclohex-
anes, HCHs) % 3 B 4317 ; 21 42410, Carrizo 55™ #E b
UK T 4 M SR A B RE S b, BT PCBs FLRG T T
(DDTs) ¥ 5 Bl 1% B 3 fin i 38 fin % 22 1535 180 5 Sun 45
WARE T BT R P P AL K PETE PCBs Fl OCPs ¥ A
RIS . ik SEAF 58 45 o B0 3R B T /K 1A A 4 B
6] KN i B AR 1 B POPs 43 A Al 4 rh o4y 1 35 o
A,

Py NG N STIE R T8 = 8 o i S L
It 7E HE AR TR B R R AL I M, T BT AR
i B BRBRAE & PO O 1) b Bl ELIA HOASHE S AR T .
B3 5 T 5 FE AR I, AR ATV RIREE TR, BT I AR
s N N E R ST = R S I K 7 NI T UK

R JEEJE S 500~ 1 000 m, B 24 200 km, Hopg K i =
T L e 8 K DAY 285 ¥ A 3% 3 I AGHY P bR
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F IR I A S 45 2505 Yy, DA S G 9 8 X 3k i
Y A iy M ER Ak 2% 0 AR 7 AR T . AN LA R R
10 B, AR /DA POPs YA SCHIGE o A SC ik HL
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Fig. 1 Sampling sites in the Kuroshio area in the Northwest Pacific Ocean
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8, HARSEIE ) 7AES WSCHR [11]. FAIAERUE (15 em(4) %
1.5 em( 42 )) HURL fy XAD-2 LA M XAD-4 1491 (&
W11, 2412 g). EAHZE IR 58 H 20 mL iF
e (WA % AR ) vk o i U8 5 B9 K AE L 0.5 L/min
RO T A ZE IS HE IS, B A UL A 0] 52 56 % i
FE T —20°C VKAE AR — 25 0 By o FE AR AR 45
J& B ZE R TR UR T RALTh AT VR TR, BR
IO T 5% B K A3 o TR S AR AR P A 4 Ak 2
of A UE AR B A, A BIAE ISR b % — 2 T
IKBRER A, ] G H e R G HR I 48 h. Jig i 7% K We 4
PR, I R e i E Cobe . BIRA PR R W 46 )5
PRI AT 2 FARKIASE T 3 em 484645 . 3 cm
REME . 1 em JC/K B B2 4 (%) 2 B A ( L4228 8 mm), Jf:
A= @AW M IE PRSI (R 1 1) i
ATVEME o H5 S A WAk 47 0T 7% # 2 4 iR b
RIS
23 /A

OCPs Fl1 PCBs >R F 1 i (EI) & F IR A9 2 518 8890
A 83 B IE 7000D JiT i ( GC-MS/MS) & 4 I 7€
GC-MS/MS Z Gtk AN 73 i A 19 07 =, AR IR
1 uL, #HARHAS, WK 2.25 mL/min, &+ JE AL
iy 26 I BE Ol 280°C. 8435 A 2 DB-5MS(30 m( ) x
250 pum(4M% ) x0.25 pm(N 1R ). SAHTHEFE )P a0 F
W1 UR IR E R 70°C, £ 4% 1 min, B )5 LA 10°C/min T &
160°C, F LA 5°C/min I F+ % 280°C, £ £F 5 min, £ LA
20°C/min FF+ % 300°C, R +F 5 min, B3R £ H 5
FHAFH X (MRM), OCPs % 1 HARL &9 F -
ii% B ( DDTs, f13% p,p-DDD. p,p-DDE #l p,p'-DDT) .
757575 (HCHs, f34% o-HCH., f-HCH F1 y-HCH) F1 & #+
(CHLs, f33% a-CHL #1 y-CHL ) 3£ 8 F; PCBs il & A H
b AW . =SB (Tri-CBs), 4% PCB18, PCB17,
PCB31, PCB28 #il PCB33; PU 4 1 & ( Tetra-CBs), 4§
PCB52. PCB49, PCB44, PCB74 Fll PCB70; 1 48 Bk 7K
( Penta-CBs), £ #f PCB95, PCB101, PCB99, PCBS87,
PCB110, PCB82, PCB118 F1 PCB105; 7~ % ¢ K (Hexa-
CBs), fd #f PCBI151, PCB149, PCBI153, PCBI52,
PCB138., PCB158, PCB128, PCB156 fil PCB169; - &
I 2% (Hepta-CBs), 11 & PCB187, PCB183, PCB177,
PCB171, PCB180, PCB191 F1 PCB170; /\ S}k (Octa-
CBs), B.4% PCB199, PCB195, PCB194 #l1 PCB205; JL
S B 7K (Nona-CBs), 1§ PCB208 1 PCB206 LA K&
SR (Deca-CBs), £ 4% PCB209, 1t 41 i, AHF 5%
ol 5 /) OCPs 1 PCBs ¥k FE 48 7K {4 v %5 fi% 45 OCPs
( OCPs=DDTs+HCHs+CHLs) 1 PCBs( ¥, PCBs) ¥ & ,

T 5 T 45 R AT LR 25183 43 %8 48 — FH OCPs Fil
PCBs Wk Kk,

S 3k e R I AR AR 0 1 TR ROk X A
AN LG HEAT BT R S B . RIS 1A T
B, SRARH BARE Y. 2 H SR AR
Frias (AL AR AT (. Gl BRI S IG5, S0
b AR AR S YR S WA AR e OCPs LA & PCBs 1
SEAHT . BESLENCR AR : OCPs [HICRAE /) TCMX
() 18] e # Sk ((85+10) %. PCBs [F] I 2 8 /8 ¥ BC-
PCB208 fi4 [0 g % Jg (73+12) %, JIT AT W 0 4% S 247 33
& OCPs 5 PCBs 73 Hr 25K

3 ARSI

30 E#RXsk{kd OCPs #1 PCBs Tk TERESH

fth 7k 335 BF 5% Eb 3%

E 2 frs, 2015 4F PG b KTV R 2 K AR
HCHs. DDTs F1 CHLs #¢ B35 Fil 7331 4 30.7~68.8 pg/L.
6.16~ 23.8pg/L Fl 1.07~ 5.75 pg/L, ¥ 4 % B 43 5 N
(43.2£14.4) pg/L. (11.7£5.25) pg/L 1 (2.66+1.44) pg/L.
2019 4 JB 1 K 3% J22 /K 4 HCHs. DDTs Pk} CHLs
W Y B4y B 27.3~ 68.4 pg/L. 7.06~ 14.1 pg/L Fl
0.518~10.1 pg/L, - ¥4 ¥ & 43 il by (48.8+13.8) pg/L.
(11.5£2.32) pg/L F1(5.13+2.86) pg/L. 45%-20, Pidt
K- B % 2 AR 36 2 K AR v 5 Y e B K P
A Y, 3X 7T e 5 R AR B Ry D K B 5 K AT G .
Ak, AR K2 KR H OCPs (96 B 1 22 ) /0K Ikl
HCHs. DDTs, CHLs. 4= ¥kt [ A Tl A4 7 (1) HCHs
ffi FH K 208 9 700 ke, Horpr, v B EE RN T 95 BX
SRR 3 I HLX 1Y, 19501993 4E[H] 45k DDTs
SRR K2y 2 600 ki, HESGEIE, 30 24ROk,
Tk [ 231t FH DDTs £ 40 J7 t, o5 [ B FH 4 0 20%0;
T T B A CHLs, 7E 1945-1988 4F [i] 4> Bk
S B K 2 87 ki, A 4 R B, B KRR
OCPs 1t 2H BUARF AIE 56 A Sz e i 340 1l DX 7y o i ) 45 0t
G, A B (1) ) BEAL 27 T P )2 8 B ], HCHs B
A SR KT, B S IR A BORL ) 14 W BF fiE
#B L DDTs IR, i B 25 5 s fif 77K h, DDTs {14 5T
by TRl E B W) 4E BCE B LR A YR 0 g D7 4 21
SRR AR ; CHLs A T 7K H — B g B ek A Bl b

B RGE, AR 2 M R B A A e — e,
ATy e ATKAR

2015 4F P 4k K7 i R 3R 2 0K 4 PCBs R B2
JU I 49.8~124 pg/L, “V-34{H K (87.2423.7) pg/L; 2019
AR ML R R Z KR R PCBs ¥R EE S Ry 34.1~68.4 pg/L,
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Fig. 2 Concentration of HCHs (a), DDTs (b), CHLs (c) and PCBs (d) in the water of the Kuroshio area in the Northwest Pacific Ocean

S M (48.7+9.11) pg/L. 45 SR BH, ML % 2 K 1A
1 PCBs MW FE 5 T IR R 2 KA

H i SC kX IT 8 K 5 H OCPs i PCBs 9 BF 5% 45
/B SR T BEXT P AL K SE T K AR R OCPs il PCBs fY 15
YK G0 T i, AR SCKE L 8K R Hh OCPs i
PCBs 1 53§11 45 S 5 H A 7K 358 0 F 55 45 SR i A7 LA
B 1T, MR T I 3 BT 11, F R TRk Ik
1 OCPs ¥k Ji ZARAY 22, 3 & B BIF % DX K 44 v e
15 YR RER A U AR I AHE BT K, FERE T
PR B T NI R, RS 1 R S R B B
MM . A, AR F AT R R, P A6 R v R
WK AR OCPs ¥ FE AL, X AT BB 2SR R 2ok A T
R TE T 1 (1 A

5 OCPs i M 25 S — 3%, #F 58 X Bk 44 PCBs
W St 2K 2 2 vh i 81 S ¥ K R R PCBs 1Y R
o MAERMER A, 625k PCBs WYl FH = 29 5 4
BRI 97%, Horh RER 43 0y 8] AE 300~ 60°N
Z Il EE . H AR D8 b PCBs {2 5 i 19 [
Fe, R 20 28 70 4E 48 K 2 80 4% %7, PCBs
O A BREE Y, (0 H AL IRBE KA v e % 7 R i
W] PCBs 1 B 175 e 2 K A7
3.2 Pt KFEiFEKE R OCPs #1 PCBs 48 R 45 1iF & €

BRI

— BT 5, R A HCHS Y Sk 5 35 B b

F 1 BEIERFEFKEKETS OCPs 5 H Mk REIEEER
Table 1 Comparison of the levels of OCPs in the Northwest Pa-

cific Ocean and those in others sea areas

K3k ET;E HCHSsi i DDTs¥F i;“i
ER  MJYLE 20034 103~515ng/L 89~234ng/L  SCHR[16]
KITH 20084 6~15ng/L 3~26ng/L  3CHR[17]
BRIT. 20124F ND~45ng/L  ND~20ng/L  3CHk[18]
WS 20044F  50~750 ng/L  ND~105ng/L  3CHk[19]
M 20104 12.8~14.2ng/L 4.55~13.3 ng/L 3Cik[20]
EAh FEP R 20034F 0.18~0.75 ng/L  0.05~0.32 ng/L  3CHik[21]
BRI 19924 1~2ng/L 5~13ng/L  3CHR[22]
FERE JbUkEE 201048 107~759 pg/L - k23]

K

JERFHE 20174F 77.4~532pg/l 2.17~62pg/L  3CHR[24]

PEIL A7 20154F 30.7~68.8 pg/L
T —ARREAE G NDIUFRAAIE],

6.17~239 pg/L  AWFF

—FhIE T AL AN, 45 4 Fl ] 4 A A, He o ey
B A 65%~ 70%( a-HCH) . 12%~ 14%( y-HCH) . 6%
(6-HCH) Fl 5%~ 6%( f-HCH) ©; 75 — Fh /& FK & F}
(Lindane), ¥ y-HCH ¥ & ik 99% LI I, H:', -HCH
Fly-HCH ££ — € 214 T 4 #:46h B-HCH,  Pidt K
S P S 3 )2 K M R p-HCH Y & B2 95 oA 10.6~
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Table 2 Comparison of the levels of PCBs in the Northwest Pa-

cific Ocean and those in others sea areas

KB CREEEFR] PCBsWOE  fkAMEUR 2% 30k

A /R0 20124F  0.59~1.68 ng/L 11 SCHR[26]
i 20134F  5.51~40.3 ng/L 41 Hk[27]
KAIT=4M 20114F  1.23~16.6 ng/L 38 SCHR[28]
K 19994F 91.1~1 360 ng/L 12 Cik[29]

M 20044 4.5~27.7ng/L 7 SCHR[30]

R 20094F  19.6~43.7 ng/L 7 SCik[11]

ERYIITI 20004F  33.4~1 060 ng/L 21 Cik[31]

EAh  HAMPSEE 20024F  1.59~2.48 ng/L 41 Cik[32]
HAZLKAE 20064F  0.04~0.64 ng/L 209 3CHR[33]
TIPS 20154 32.2~161 ng/L 209 Cik[34]
ARG 20154 1.1~8.5ng/L 7 CHk[35]
PG 20074 22.2~163 ng/L 28 SCHR[36]
FrRAAEE B RTUEE 20134 ND~8.5 pg/L 14 SCHK[9]
JERPEEE  19924F  0.2~26 pg/L 36 SCHk[37]
AREKRTVHE 20064F  2.7~25 pg/L 21 SCHR[38]
PEILAFHE 20154F 49.8~125 pg/L 41 EN TN

TE: NDFRAAIE]

37.3 pg/L, ¥J{E 4 (19.3+8.32) pg/L, i HCHs B¢ B i
34%~56%; f-HCH Fil a-HCH F{J3& BE T 43l Ry 5.97~
20.4 pg/L F15.36~19.2 pg/L, HEST514(12.8+4.63 )pg/L
F1(10.9+3.97) pg/L, 53 il o5 B BE 1 18%~ 37% F
14%~40%. 2B K 32 2 K Pk b p-HCH 1 e B 1
H 12.1~43.8 pg/L, ¥J{H K (25.6+10.9) pg/L, i HCHs
ST 1 31%~ 65%; S-HCH il o-HCH F4 %€ Ji 35 61 43
K 6.36~21.7 pg/L Fl 6.64~ 18.3 pg/L, HIE 53 % K
(11.1+4.55) pg/L Fl1 (12.1£3.67) pg/L, 43 3 (5 Bk B iy
14%~37% F1 13%~42%, Z5 SRR, Vi KRR
T 3¢ 2 R K JZ KK p-HCH ¥ 5 2585 T a-HCH 1
B-HCH, Tii J& W5 5 e B AH Y o A&l 3 B, &2 KK
o a/y-HCH [ FE H Y5 [ A 0.26~ 0.99( #1524 0.60),
PR JZ KA A 9 LU AB S L R 0.20~ 111 (F4{E 2 0.50),
X FN Wu S50 T 2015 4F AR UT 46 P J0 KPR 4R
IR HEAE 25 A 2 . — E 3 2019 48, MoPkok feis
ML O TR O s L i E AR el I
VEARM B I, 5 IR I, 23 5 22 A7 75 1 Kt Tl
FNTS S A A DL K — T 3L b 4 e TH A bR P
BT p-HCH FR2L Bk, R W H KK AT 32 25k A
T 25 0 AR A RIS S — 5, R
KB G AL S B b, K PR 19 p-HCH 23 Fe
o-HCH 5T PR bl 388 o 3 A i 2 1 70 e DA R i AL 31 K
P, S I i o Y p-HCH 9 BE O 55 o

40 ik
35t

A

-@- (DDE+DDD)/DDT
A y-CHL/a-CHL
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Fig. 3 The ratio of OCPs in surface and subsurface water of the Kuroshio area in the Northwest Pacific Ocean
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Tl A 7 Y T 5 R 75% [ pp-DDT. 15%
) 0,p"-DDT. 5% F p,p-DDE LI KR T 0.5% [ o,p'-
DDE, 0,p-DDD, p,pDDD 4 & *', ¥ 3 p,p'-DDT
5 0,p-DDT AJ LATEA S 55 T 38 o AR FA I 25 410
1k Sl B % A p,p-DDD Hl 0,p"-DDE; JR & &4 F, N
i 3 3 AR B 25 A K& %4 p,p'-DDD Fl o,p-DDD !,
[H ik, #F5% % % F DDD/DDE(#k ¥ I, J5 [A)) 55 (DDD+
DDE)/DDT 3K 7R 5 B8 5% DDT (1948 51 5% 1k I % fige A2
B, IR A Lo i — 25 0 BT X R A R
DDT #iA. #/(DDD+DDE)/DDT<1.0, F&/ ZX B4
4 ¥ i 6 A 245 IR 1Y i A s %5 ( DDD+DDE) /DDT>1.0,
PN IZ X I TE B T AR 25 R AR A, B DDTs 24
il A o RV S TR Y Sl S SRR S8
F )2 MK £ 2 7k 4 % (DDD+DDE) /DDT {8 78 il 43
WK 1.73~3.82 F11.57~3.56, ¥{H 435K 2.52 F12.47,
F W DX I 3R 2 7K R B vk 3 27K AR e 249 A O 1Y
TR A 255 A, DDTs [ 220 7 s FH 3% B .

PG A6 - 7 2R 3R 2 IR 3R 2 UK M4 p-CHL 1y
B B 40 BN 024~ 1.97 pg/L Fl 0.21~4.21 pg/L, ¥
{H 43571 M (0.84+0.69) pg/L Al (2.08+1.13) pg/L; a-CHL
I 5% B8 4 WK 0.66~ 4.07 pg/L 1 0.26~7.11 pg/L,
P43 59104 (1.8240.93) pg/L F1(3.06+1.92) pg/L. Tl
A7 B AP B T B IR O R BT 2 5 DL R
B 45 B B IR, A 13% Y p-CHL. 11% ) a-CHL,

5% HY-L A5 At 30 AL A WAL, B Tl A
(S S+ p-CHL/a-CHL (% FL A % 4 1.17~1.18. H
F y-CHL % F o-CHL 5 B figt, 24 HAE /N T 1.17
I, W R G TS YW R i AR R IRz, KA R
WA W, FEARMFSE D, IR R Kk R 2
AR H H A YE R0 51 0.31~0.97 F110.35~0.97, ¥
{514 0.47 F1 0.76, HAA /N T 1(E 2), MR E BT
5% X3 9 CHLs V5 44 & T Iy s fff 5% 88, Jo i 4
A

Wl 4 iR, P TR 30 18] 75 b R SF 5 A K Ak e
PCBs 41 i ¥ 32 B2 DL = G R 3=, 35 R 2 AT 2 e
X 2R T AR T 8 A 2 SR — B, TR = SRR R T T R
SR 32 A Ml ) 22 SR SR, JK /R PCBs
o R A 25 R 55 3R [ 22 RO ) S (S B G, W
WS DX IR AR rh i D5 G ] fig o B T 3% = Y U g
PRI HER R I5 K DL B R DTRE SR, B & K 1A 3
A% BRI . A, Bl SR T B A B i
K, 22 GEIRIR I L] 326 e (DA D SR R 31 B SRR ),
Horpr, R R 2 AR 3 2 KR b B SRR A 43 51 R
£ 0.9 pg/L I 1.6 pg/L, WA i S B LU 41/ TF 2%,
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Concentration and composition of organochlorine pesticides and polychlor-
inated biphenyls in the Kuroshio area of the Northwest Pacific Ocean

Xu Liang', HeJing', LinMinglan', Lin Tian'

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China)

Abstract: During the past decades of years, the widespread restrictions and ban on the use of legacy persistent or-
ganic pollutants (POPs) such as organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) around the
world have resulted in gradual decrease in their concentration in various environmental media. As an open sea area,
the Northwest Pacific Ocean is far away from the continental area without obvious pollution point source, the ocean
currents play an important role in the transportation and diffusion of POPs. In this study, the surface waters (2—5 m)
and subsurface waters (150 m) in the Kuroshio area of the Northwest Pacific Ocean were collected and analyzed for
dissolved OCPs and PCBs. The results showed that the concentrations of HCHs, DDTs, CHLs and PCBs in the sur-
face waters ranged from 30.7 pg/L to 68.8 pg/L, 6.16 pg/Lt023.8 pg/L, 1.07 pg/Lto5.75 pg/L and49.8 pg/Lto 124 pg/L,
respectively; the concentrations in the subsurface waters ranged from 27.3 pg/L to 68.4 pg/L, 7.06 pg/L to 14.1 pg/L,
0.518 pg/L to 10.1 pg/L and 34.1 pg/L to 68.4 pg/L, respectively. The concentration levels of OCPs in different wa-
ter bodies were comparable, which may be related to the huge water body and internal homogeneity of the Kurosh-
io. The ratios of the various isomers of HCHs indicated that the sea area was dominated by lindane input, while the
ratio of DDTs and CHLs showed that the DDTs and CHLs in the waters of the sea area were mainly derived from
the residues of legacy. PCBs were dominated by tri-PCBs and tetra-PCBs, which consistented with the use of PCBs
in East Asia. The large volume and uniform internal distribution of Kuroshio water mass have an important impact
on the vertical distribution of pollutants, that is, the concentration and composition of OCPs in water at different
depths are similar. At the same time, Kuroshio brings high temperature and high nutrient salt water masses, form-

ing potential risks to the enrichment of pollutants in the marine organisms.

Key words: organochlorine pesticides; polychlorinated biphenyls; Northwest Pacific Ocean; Kuroshio; water body
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