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W E: HN BH B 0 IR U AR X M JE 37 FE £ 2% 5N /N /N (hexachlorocyclohexane, HCHs) il i 7% 1
(dichlorodiphenyltrichloroethane, DDTS)E/J%% KT RERLe, AR D4R, 6, s fa) it
RXR, RASA G- B BTS2 (gas chromatography-tandem mass spectrometry, GC-MS/MS)/3 T~ 49 1)y a2t
SRS AL, BEAL. AR, Rz AR HCHs A1 DDTs HIFR R K, FHWHRT & r80R- 5 B0 KT . 45R
HCHs 11 DDTs 7E 4% 42 rp ik B H 4305110 0.250~12.881 pg/kg 1 0.012~1.439 pg/kg, HMET GB 2763—2021( &
i A ERARUE B A2 R R R BB ) oA B PR EEARIE(DDTs < 500 pg/kg 1l HCHs <100 pg/kg). 7EFF AL,

HENUFIEZH, HCHs Il DDTs 5k B i i34 /2 65, BEfmAR, miE NI B KF& T35 L, HCHs AR AT
DDTs. fa{AH4 1 HCHs SAMRZLLL p-/RN7N 0 E, STRRASTE 80.24%~95.82%, HUE a-"AN7N. BHI%
FER S T80 HCHs A1 DDTs & H 8 A B35 3.433~10.751 ng/(kg-d)F1 0.213~1.420 ng/(kg-d), YK TS
Fil 4k (reference dose, RD); 2 XU 54k (carcinogenic risk index, CRIE 107~107 Z ], fE1E— & HITE1EB0E X
;AU KUK 5 5T (non-carcinogenic hazard index, HN)YJ/NTF 1, TER[ K-, &5 48 HCHs 1 DDTs &
PR FHZAE, AT5AT e R E (AR ARSI 2, (HHGR B /KPR T B S PR B AR UE, X AHEIC I 8 f) £ R XU
KR 1 OSSR, GRS I, thIE SR
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ABSTRACT: Objective
dichlorodiphenyltrichloroethane (DDTs) in pond cultured fish in the suburbs of Harbin. Methods

To clarify the residue levels and edible safety of hexachlorocyclohexane (HCHs) and
Four kinds of
cultured fishes (carp, silver carp, catfish and grass carp) were used as the research objects, the residual levels of
HCHs and DDTs in dorsal muscle, abdominal muscle, liver, skin and gills of cultured fishes were analyzed by gas
chromatography-tandem mass spectrometry (GC-MS/MS), and the carcinogenic risks and non-carcinogenic risks
assessment in edible parts of fishes were evaluated. Results The residues of HCHs and DDTs in various tissues of
fish were 0.250-12.881 pg/kg and 0.012-1.439 pg/kg, which were lower than the limits specified in GB
2763—2021 National food safety standard-Maximum residue limits of pesticides in foods (DDTs< 500 pg/kg and
HCHs=<100 pg/kg). The highest residues of HCHs and DDTs in dorsal muscle, abdominal muscle and skin were
catfish, and silver carp was the lowest. The residual level of abdominal muscle was higher than that of dorsal muscle,
and the residual amount of HCHs was greater than that of DDTs. The residual HCHs isomers in fish were mainly
composed of y-HCH, with the contribution rates ranging from 80.24% to 95.82%, followed by a-HCH. The daily
intakes of HCHs and DDTs caused by the consumption of the farmed fish were 3.433-10.751 ng/(kg-d) and
0.213-1.420 ng/(kg-d), respectively, which were lower than the reference dose (RfD). If the carcinogenic risk index
(CRI) were between 1077 and 107, there was a certain potential carcinogenic risk; the non-carcinogenic hazard index
(HI) was less than 1 and acceptance level. Conclusion Although HCHs and DDTs have been banned for many
years, they can still be detected in farmed fish, but their residual levels are lower than the national limit standards, and
there is no obvious health risk to the population.
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LG A2 (organochlorine pesticides, OCPs)j&:—ZR &M
R IBNAEY), FEALFEISISIS (hexachlorocyclohexane,
HCHs). Ji#%i# % (dichlorodiphenyltrichloroethane, DDTs) . 4k [%
FlL LA BRI S, BRI, AHLEAKDY
EL R T F o i R A LTS ez — U, H
RITAR BEAG 7E 3001 g el ok | R oK)
Rk I ) H5R B . Hoh, HCHs A DDTs J2 7 S b fifi i i
HIZ P RAR 25 20 4D 60 AR, 24 b
SRR I A A T X R LA A2y . EW T
1980 IR IR AR | B A R IR AR 2 . SR, R
FiRmiFh e 25 2 F I 248, Bl THEHE. sl
FER . R MERE SRR A, 30T HAE R
e A VAR AR IE B A A5 e 270 22 BT E e 1L U4 i
Pyt AR T BN TR A U e T
Bt R MR AT By o U AR g O e
UYL AR T v A K el A £ A AR ) HCHS
DDTs $&8, &5 440 257 58 2 ik — & i fidt i
R o AT, A HLER A 2 5k B R A 25 i B IRV 475 98 02 B
B35 400 4 T B ) O 1 Y ) RS

KEGK O FEE L M IR N E, i, 2020 £
VR K M IE ST AR 2625.4 T hm?, 57K FR58 1w R G
37.3%; IRACHIEIRFE T it BT & 2279.7 7 t, HIR/KIRGH

T, ARIE— B A F i ok st KR, s op
5% B8 1Y HCHs 1 DDTs A BB FARE/K . M RARTAEIEAF]
KIS, e R R T B R i E VR A R
JK % HCHs #1 DDTs 5% f ¥ W] BB AE Fe il 2R A N TR
SRR g e gt | aE el B R e g )
6 i b 3 SR 5 £0 25 (A PO RSN B HCHS AT DDTs #I5E R .
HCHs 1 DDTs nliliad W56 R, /K™ il g 4,
VETT L AR B 28 (R, R SR 0 fa 28 i e 4 bk
FRE PR HAA B2

AR X Fp R K ik, P78 R K HCHs Al
DDTs, R/KFRME 2 UL G+ 335 0 3, H 8 I S ABHE
Hb o ASEFE LA SR EERR X — IR K PE SR A Y 4 Fh a2
(B B SRR A ) BIESE T B, A% R TITHT 4 Rk fafh
IR AL LGN B L B8 FIHAE)H HCHs Al DDTs
5% B K RALRGERAE, FEH S0 RS P A= SO XU
TEM 12 0 £ P fa 2 A A B XU, Ry TR B e 2Rt
HCHs 1 DDTs & 4205 . PRI /K™ i 0T ik 22 4 SR}
FRWE S

1 RS

1.1 H@mXEE
SCG AR R R A LT W R EE T E B (N127°05'087,
E46°0322" IS RFEMIE . FEEAS A BRAK(34.7944.72) cm,
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1KT(925+309) g] . BE[{AHK(46.25+0.50) cm. 1ATE(1027+76) g] .
BRARK:(46.51+5.76) em , PREE(938+313) g], H [ (53.72+
1.10) cm, 1AHE(2245+146) g (E[R—FRAEMIED, THAR
W19 H) it B SERTRAE 49 RN, b 25 2. 6510 2.
57 B 57 R FRERRERAE R S EE, S IBGE L.
FENL. Bz . SERUFFIE, 5B, 1RGSR/ mRedtE O
A8, 20°CUKHAI FR A o
1.2 AFISNEE

SEES FH K MR A K (—2oK, 3EE Millipore 24 F]); &
B AAR(HE>99.999%, W IREEMAES AR Tl A BRZA ),
ECkE. Ak, CROER. ZHE(EELE) ., JoKEERE
SALEIAHT Al . HCHs FRHEIR IR (T a-757575 0 757575
YIS 8-AAAN). DDTs FRifEV W (& p.p -DDD.
p.p’-DDE. o0,p"-DDT. p,p’-DDT) (200 mg/L). WARMIHEH
L 5(100 mg/L)( I ifg 4 i S BHE AT R\ ] ); Bio-Bead
S-X3 BRI (£ E 12 Scientific 23 ).

7890B~7000C S AH A 3% - 3 Wk = F PUAR AT B354
DB-5MS if#(30 mx0.25 mm, 0.25 pm)(3E EZHEEA
] ); AccuPrep MPS 4 H 3l # & & ik (£ H )2
Scientific 2\ A]); BUCHI syncore 2 i & e 46 A T78 %
X (F#E[E BUCHI A H]); KQ~700E B 7 i i e AL LU
LA B2 W), BIOFUGE STRATOS & .0 AL(GEH
Thermo 2\ F]); MS1 iREIR 5145 (TR E IKA 2 Hl); A10 4K

2% (2 [E Millipore 23 ); XS205Du Hi, K- (45 BE 0.00001 g,

Jitg AR - R 2 B R ); 0.22 pm (94 HUARUE IR F 36
LSRR A R D)o

1.3 WA
131 AROf ) &0 69 B )

WEBREC I R 0.1, 0.2, 0.5, 1.0, 2.0, 5.0,
10.0, 20.0. 50.0. 100.0 pg/L BIR-ATRERK, NI
AL 10 pg/L.

1.3.2 HCHs #= DDTss #7423

HERFRECE L. AL, B2 . SEAAFES 5.0 ¢ F 50 mL
BLE T, A 0.1 mL WFREE IR CGR L& 100 ng/mL)Fl
3 mL K, WHERS, FHIA 20 mL 2, o055 e
B30 min, ALA 2.0 g EALENAN 8.0 g TOKBREREN, T 5°CT LA
7000 r/min Z5.0> 5 min, WHL W FHRAE D 20 mL
CHEEG SRR, BIFPIRIEIR, FHZRE b vk 41
IZRRAORA T, DI EE-ZRRCBR(:1, VR, &
0.22 pm HAHUHRERBGSIE G B4 E 10 mL, FRgE>),

1.3.3 HCHs #= DDTs #)41%

A4 Bio-Bead S-X3 BERAE MALIEDE, WO 4E-2
BR TR (1:1, V-VERFR AR, AEFE 4.7 mL/min, FEdhE &
55 mL, W 8.0~18.5 min RS, FEZRIRYN, FIEE ke
22 1.0 mL, A GE-HREE B2 (gas chromatography-tandem

mass spectrometry, GC-MS/MS)RRIMI42Y, 43z B/ (1)1
_(C-CyxV
m
1, X: 4417 HCHs & DDTs & &, png/kg;
C: FEW{h HCHs B DDTs Fiit ¥, pe/L;
Co: 25 FIFEW o HCHs Y DDTs B 2, ng/L;
V. AR, mL;
m: FEA T, go
1.3.4 A8 &3 $ B A oI5
() EggaAF
{6384 DB-5MS 4345 (30 mx0.25 mm, 0.25 pm);
HERE TR : 250°C; (i AFHRFRY: 60°CR4F 1 min, L)
20°C/min 135 & 71 2 180°C, LA 5°C/min 138 & 71 % 220°C,
P45 3 min, DA 25°C/min (93 FE T+ 22 280°CH~HF 10 min,
i1 30.4 min < ER, 4HEE 99.999%, JiiE: 1.0 mL/min;
HERERE: | pL; #ERET R TR RIERE, 1.5 min JRETH AR
I A B s e i 127
Q)i A
HL TR B F&ifi(electron impact, EI), HLERE: 70 eV;
AR 280°C; BFURRE: 230°C; #FRAER 8.0 min,
B TS50 SR [29]
1.3.5 B 34E 7 ik
(VB HEAR
AR RAE R 4 P S n] i R AR R KT
WE5E, SR A BCA AR A 41 40 A0t A T4 40 41 (Food and
Agriculture Organization/World Health Organization, FAO/
WHO)H 3 1 7T 422 3 1 53 H 45 A 1k (estimated daily intakes,
EDDHH 7 FRE A IR A (235
EDI = 7CmB;VCR )
A, EDL: & H&AMMA A HCHs 1 DDTs Y1z,
ng/(kg-d);
Cn: N HCHs B DDTs AU, ug/kg;
CR: J& R4 HEAR MR, g/d;
BW: ERMMAKE, kg,
(2B K P4
SO IR 2 4 N T 2 58 T SRR S0 P T SR
AR DR RE A A i, EEUE KRS BRI R 8 T 2R
OB S R BURE MR Z M1, #34E HCHs A1 DDTs
B 20 5 i 22 8 [cancer slope factor, CSF, kg/(d-mg), & 1],
fi%8 HCHs Ml DDTs AU UK $8 % (cancer risk index,
CRD!1224 g B A 3R (3) i
CRI=EDIxCSFxCF 3)
K, CSF: BRI 24K, [ke/(d mg)];
CF: ¥ 2% 10° mg/ng.
SEUE RS2 HCHs F1 DDTs 45 Bl XU 1) 21

X )]
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#&1 HCHs 1 DDTs BIfEEE RBMSETIE
Table 1 Cancer slope factors and reference doses of HCHs and DDTs
a-7N7N7N VarAVAYAY B-757575 [ EAVAVA p.p’-DDE p,p’-DDD p.,p’-DDT o,p"-DDT
CSF/[kg/(d'mg)] 6.3 1.3 1.8 1.8 0.34 0.24 0.34 0.34
RfD/[mg/(kg-d)] 8x107 3x10* 5x10* 3x10* - - 5x10™ 5x10*

T -FORARK R BN R BUE R L RS HE 4

(€)E = CL N Saniiy

A BB, TR LR RS 238 o FE R A A B 1] B AR A i
SR T 2B i B TR) 225 3R] i AR 2R 2R /K OF
FEHEAT AL o TR RN PEAY SRl 1 15 F FE $ (hazard quotient,
HQ)H /R, EDI 243 B A HE A& [ng/(kg-d)], Z%HI4&
(reference dose, RfD)A & i HHAbLA4) i H - 3542 fir )
BB [meg/(kg-d)J(WF 1), CF R R E(10° mg/ng),
HQPIHE AR A )R .

EDI x CF
HQ = —— — 4
Q RfD @

HGRYIRR AR, fEERECE HL R (5)
EDI. x CFE

HI = HQ. = — 1 5

o, = T ®

MAERAREUNT 1B, YO AT DAz, KT
1, YONEREA AT L2 U227 e s B i i £
BRBIEEIEW . S A S S H R A
14 REFEHSRERIE

AT HAS N 7 45 3 i HCHss 1 DDTs ZePEAH 6 &
A 0.9958~0.9981 Z i), HLJ5T AR HI U2y 92.53%~
96.40% . FHXIHRfENR 22 (relative standard deviations, RSDs) -}
0.89%~3.85%. 7ML B (MR 70%~120%) FIKG %5
(RSDs<10%)i# /& R BRI SERRAE S I E 3 WK
1.5 BBEBHRItSH

BRI AR M 223278 . A Excel 2010,

Visio 2016 Z:[EFll Origin Pro 8.0 J47 454 b AN - Ab B,
2 FRESH

2.1 B{FRELHLE S HCHs 1 DDTs 5% BBk

4RO FIZ 2 HCHs 5% B 74 0.250~12.881 pg/kg,
5T GB 27632021 & fh % & EZARE &P AR 2HRK
FREA PR ) HHLE A HCHSs FREAR#E 100 pg/kg. i, 2
W HCHs 5% B ik fe iy, SR /K 5.978~12.881 pg/ke; fiE
WL & 1.709~11.300 pg/kg, %% E TN H
GEEAL, H 0.299~1.607 ng/kg(FE 2). TEFNL. I
H HCHs 7% ¥ i th KBNS RN Bh>l~F f>fE 55
B P Al A P A e, AR ST T 5T 9 # UK ) HCHSs
B B AL TR, ARTF T ARIEE T 3 A 35019~
32.03 pg/kg)!' . ZEMTE LA E UG 4 KIK 5
(ND~5.73 g/kg)™" | fR22HH] 3 Ffi4.(5.94~38.04 pg/kg)!' ™|
R YIS HE 208 UL 25 (ND~17.6 pg/kg)!'® . ZRJbHb X g HH 35
Bl TP HE B B2(0.14~20.0 pg/kg)?o148 I Ay R i b HCHSs
SRR, HE TAME T A 415(0.053~0.500 ug/kg)!',
TEAUTHE 3 A FRAE 1 25(0.811~1.13 pg/kg)!"  BRYLI 1153
40 2 (ND~3.54 pg/kg)™ | 0 b #1357 58 K 7= S
(ND~5.35 pg/kg) ), I 3 117 117 B3 £.24(2.84~4.75 pg/kg)!'!
ST i HCHS 5% 85 1 .

4 Fhfa ikl 4 H DDTs 5% B 5 4E 0.012~1.439 pg/ke,
T GB 2763—2021 " #LE DDTs (R EFRHE 500 pe/kg.
fafkh DDTs (AR RALT HCHs, 7ML, BEALFEZ b

2 BUEFREHELE S HCHs 1 DDTs 7% Bk F(ng/ke)
Table 2 Residual levels of HCHs and DDTs in different tissues of fish (ng/kg)

i #(n=25) fifk (n=7) #3(n=10) Al (n=T)
e HCHs DDTs HCHs DDTs HCHs DDTs HCHs DDTs
_— 2.870 0.520 1.004 0.137 3.036 0.927 2.951 0.182
H (3.068) (0.459) (1.192) (0.147) (1.796) (0.618) (1.839) (0.119)
WL 4.245 0.446 1.709 0.136 11.300 1.439 4.040 0.132
(5.998) (0.517) (2.363) (0.136) (3.870) (0.495) (2.242) (0.123)
e 5.293 0.305 2.553 0.023 0.250 0.012 4.709 0.048
(5.771) (0.500) (0.772) (0.029) (0.244) (0.037) (1.492) (0.023)
W 10.114 0.548 5.978 0.265 12.881 1.230 9.121 0.268
(9.273) (0.370) (2.224) (0.043) (3.833) (0.520) (1.951) (0.107)
- 0.783 0.090 0.720 0.068 0.299 0.039 1.607 0.018
(1.090) (0.105) (0.692) (0.042) (0.250) (0.088) (0.434) (0.047)

TE:n AR, SURDSFIEGRMEN 22) 3R, T,
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AR L2 B A R RS, 4871

DDTs 5% 84 it RS/ NS FB N B> gt <M, w0 e RN )
DDTs ¥R B &EAHIT . A5 P DDTs 5% B4 2 SAETT B A= fa2S
(0.073~0.220 pg/kg)!'"HIAT, MEF ) RT3 Fhak
(0.15~8.27 pg/kg)!'®! I T HE £125(11.6~21.28 pe/kg)'
WALAE FHFRBE A B (ND~6.89 pg/kg)PY . BRVLIR M 5358 25
(ND~42.73 pg/ke)"™), {7201 3 Firfa(5.99~8.38 pg/kg)!™.
I ZR IS5 1 24(2.68~66.7 ng/kg)!'® . ZRACHL X A 3258 b
ARG EEAE(0.12~7.32 pg/kg)™ | SEINTE S A AT R IRHET Rk
IR R(0.122~304 pg/kg)PY, H & TAREUSE 3 FhIss
(0.401~0.578 pg/kg) VIR A K 7 i B 5% i
HCHs 1 DDTs f£A[R) fafdpy 5% B A e 25 5, XAl
EUR M A0 I e, BRI R, DU/
%:, HARMRRIT & Bm, RRFWE . R Rk
L VIKEE | BRIE | IR R N R Y £ . HCHS
7Fu DDTs 5% imfEfiEA AL h 22 5 B3, 5HIgHEN
FAEA K, WA R gl S E IS, o E %
HCHs A1 DDTs, 8 ZfKKIFERLE, HATIENDI6E,
[H Itk HCHs #1 DDT 7E 88 1 5% B3 K441
2.2 &AKLALTH HCHs F1 DDTs 28 A 45
TE 4 2SS L, RERL. PR, Rz e HCHs 5444
N avava il avavalll Yavavav i I Savaway sior 7 N Fif 295
KL (R 3). Hrp, 48R p- AT R, £
0.201~11.594 pg/kg Z [0] . 7€ 4 PSR, p-7SA N
B 2N 68.0%~100.0%, a-7S7575H 3% 0~100.0%;

BISISTISHN S-S FEA AL R 3B K. p-7S7S /8%
HCHsZJ‘E %E’Jiﬁkimﬁ j980 24%~95. 82%, LR JE a-
mmTU\TEU”JWi ﬂéd?(W%%r%ﬁ%ﬁJ%%’i TH) fr%;
TN LR W scriod Wyrerers <1, MAFHLF p-I 75N
FEIRB YR, .lﬂ.’»#ﬂﬂiﬁj E ST 99% ) y-7S 7NN
BRI A M,

8 RN £ 4 2R rp - S i R B INR B >
JHHE=REWI>E W6 5 Bz sk b i &, 43910k 8782, 5.251
F18.259 pg/kg; HEEER R IR, S 0.639~1.463 pg/kg.
B R - N NER B R, R 11.594 pg/kg, FHIROWIE
M, AR RIAE, &4 0.201 pg/ke.o

fefifE BTN, AL, FFIEFIE T DDTs 5% 82 L

p.p’-DDE Ry EBAFAEIE, 58K 0.023~0.134 pgkg 2
IEU(%% 3). BRENLH p,p -DDE 5% B iR, M 0.587 pgike,
L. kS DDTs 8884 LA o,p’-DDT S 3=, R 450
0.324 1 0.005 pg/kg. 7EHE . ERFIR € YELH DDTs 5% & LA
p.p’-DDT Jy &, 5K # K-F1E 0.018~0.066 pghkg ZIfl,
p.p-DDE 7 4 a2yt L. ENURIE: shk th 3808, £
85.71%~100%Z [ (] 1) % Wopn/Wopr B LLAEH W
DDTs RIE, Wppo/Wppr>1 B, UL DDTs J& 57 5 5% &
Wopn/Wopr<l B, A Hi) DDTs fij A . BIRMHH
Woon/Wopr<1, A1t fiF DDTs SEAARAISE BB, A
REMERRIN A 8 76 A4 Ko 72 b 23 9 DDTs g A it

%3 &iFKRLALTH DDTs #1 HCHs FHIEE 8 (ng/kg)
Table 3 Content of DDTs and HCHs isomers in each tissue of fish (ng/kg)

S HUERNL a-7SNIS N VAVAVAN B-7STSTS S AVAVAY p,p-DDE  pp-DDD  o0,p'-DDT  p,p-DDT
e 0.296 2.442 0.046 0.086 0.129 0.112 0.159 0.120
(0.225) (2.595) (0.057) (0.191) (0.084) (0.094) (0.101) (0.180)
WL 0.385 3.783 0.021 0.054 0.144 0.078 0.086 0.139
(0.332) (5.534) (0.048) (0.083) (0.115) (0.095) (0.099) (0.208)
il B 0.594 4.656 0.006 0.038 0.094 0.044 0.044 0.124
(7=25) (0.516) (5.137) (0.017) (0.102) (0.052) (0.081) (0.081) (0.286)
s 0.947 8.782 0.082 0.303 0.190 0.150 0.150 0.058
(0.601) (8.113) (0.119) (0.440) (0.083) (0.061) (0.061) (0.164)
- 0.042 0.686 0.006 0.050 0.018 ND ND 0.072
(0.093) (0.905) (0.030) (0.063) (0.018) (0.086)
= 0.098 0.898 0.008 ND 0.054 0.039 0.030 0.014
(0.060) (1.110) (0.022) (0.033) (0.052) (0.039) (0.024)
0.171 1.527 0.011 0.103 0.025 0.009
B (0.089) (2.245) ND (0.029) (0.083) (0.031) (0.023) ND
i -~ 0.333 2.220 0.023
(n=7) g (0.203) (0.570) ND ND (0.029) ND ND ND
W 0.569 5.251 0.092 0.067 0.134 0.066 0.065 ND
(0.184) (1.919) (0.025) (0.097) (0.017) (0.013) (0.013)
0.065 0.639 0.016 0.002 0.066
i
(0.054) (0.595) (0.043) ND (0.005) ND ND (0.037)
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= 3(8)
RS b VA AV AN N AVAYAS ) S avava S AVAYA -DDE *-DDD  o,p'-DDT -DDT
Y p.p p.p P p.p
_— 0.326 2.673 0.031 0.006 0.274 0.260 0.324 0.069
(0.109) (1.627) (0.041) (0.020) (0.136) (0.187) (0.208) (0.087)
WL 0.800 10.333 0.087 0.081 0.587 0.313 0.264 0.275
(0.269) (3.335) (0.158) (0.108) (0.203) (0.092) (0.088) (0.112)
i A 0.044 0.201 0.005 0.002 0.005 0.005
(n=10) P (0.043) (0.185) (0.016) ND (0.005) (0.016) (0.016) ND
W 0.973 11.594 0.111 0.203 0.441 0.340 0.333 0.116
0.277) (3.216) (0.076) (0.264) (0.163) (0.098) (0.107) (0.151)
0.287 0.013 0.039
il
fifd ND (0210) ND (0.040) ND ND ND (0.088)
- 0.144 2.781 0.025 0.080 0.043 0.059
GEL (0.127) (1.680) (0.031) ND (0.035) (0.036) (0.047) ND
0.328 3.678 0.034 0.115 0.009 0.009
L (0.130) (2.077) ND (0.035) (0.077) (0.023) (0.023) ND
i) 0.505 4.203 0.048
(n=7) N 0.172) (1.320) ND ND (0.023) ND ND ND
s 0.726 8.259 0.097 0.039 0.130 0.075 0.062 ND
(0.136) (1.689) (0.023) (0.103) (0.023) (0.042) (0.041)
0.114 1.463 0.030 0.018
i
(0.059) (0.315) (0.060) ND ND ND ND (0.047)
T ND S ARAH
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A B 1000 @ mE M M
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515 BTN, G5 PRIRIEARD DX E IR A0 2057575 7S R Vi U 4% B AR B £ P f B XU 4873
2.3 RENE T 6.15x10°~1.82x107° Fl 6.71x10°°~4.47x107 Z [, £ A
231 HHBEANE 5T v R 4 WY £ 28 2 T A B BUR KU 58/, TE T #2327k

RIEHEEFRD s CeRIBSHER) 24t ARmE
REHEARRN 237 gd, BRIEERN 60 kg, HREMA
WhoE PR & M2, HCHs Al DDTs 4 H A 43514
3.433~10.751 ng/(kg-d)Fl 0.213~1.420 ng/(kg-d)(F 4), H1K
T RID., BHABR AR M5, HCHs RN 5 H 5
N D N B v avavae/avavavaes B avavav | i 2
7N7N7N, DDTs Sk 4 H 48 A & i KRBT
p,p’-DDE>0,p"-DDT # p,p*-DDD> p,p"-DDT; HCHs % H 4%
At KT DDTs & HiA &, &2 HCHs 1 DDTs & H
AR R FHAL 3 A a2, iR HCHs A1 DDTs 45 H
AR
232 BURAEPA

o BrAERSER) HCHs A1 DDTs Bu@ KU AR, £
e 7= A F) S50 XU AR X /N . HASSAN 2502 2 45 i
B35 WL OCPs BUE KSR Hre 107°~107 Z[a], kg !
B AR L R A AE— 8 VBT BRI, S AT
S5
2.3.3  AEEE KSR

Y5 1 7 HCHs 1 DDTs (&% F 5 RID, #ARK
(H)EA R (5) %2 44 o HCHs F1 DDTs (9 80 XU 8 5,
ZERILF 6. XM, B BRI T REAEAE—E IR
J& KUK, HCHs 1 DDTs A S0 XU $5 S0 6143 31 4
1.03x102~3.31x1072 F1 9.28x10°~1.09x10, A~ [l flife 2
A B A, £ P 2R A R o AU e At fa g, i

M 1 # HCHs #l DDTs F)EUm 5%

ES o /NN

A AR Al B0 KU fe{K . HCHs ﬂl DDTs E £ K,

(3)f# % HCHs Fl DDTs U8 KU 4550 CRI, 45K IL% S, #if | BT /N T 1, KU R AT $232K -, X ksl
fi | % F0 B f4 f9 HCHs M DDTs 259 KUK 15 %5 78 R 5 45 AR
# 4 HCHs 71 DDTs § HIEA £[ng/(kg-d)]
Table 4 Daily intake of HCHs and DDTs [ng/(kg-d)]

L S AV AVANE A VAVA ) A AVAVAN [ AVAVAN HCHs pp'-DDE pp'-DDD o,p-DDT p,p’-DDT  DDTs
i 0.643 5.928 0.059 0.175 6.806 0.183 0.134 0.156 0.125 0.598
i 0.331 3.032 0.039 0.031 3.433 0.115 0.052 0.041 0.005 0.213
i 0.829 9.717 0.091 0.114 10.751 0.514 0.361 0.363 0.182 1.420

Hifh 0.473 5.814 0.048 0.029 6.364 0.128 0.050 0.051 0.000 0.230

%5 HCHs #1 DDTs BE & X 15 %
Table 5 Carcinogenic risk index of HCHs and DDTs

CRI  a-7S7875  p7SASIN BASISIS 7SN HCHs p.p-DDE  p,p'-DDD  o,p’-DDT  p,p’-DDT DDTs
1 4.05x10°  7.71x10°  1.06x107  3.16x107  1.22x10°  6.22x10°  3.22x10°  530x10°  4.26x10°  1.90x107
i 2.09x10°  3.94x10°  7.10x10°  5.54x10®  6.15x10°  3.90x10°  1.24x10°*  1.39x10° 1.86x10° 6.71x10°®
i 522x10°  1.26x10°  1.63x107  2.06x107  1.82x10°  1.75x107  8.66x10°*  1.24x107  6.18x10°*  4.47x10”’

KA 298x10°  7.56x10°  8.69x10°  5.19x10°  1.07x10°  4.36x10°  1.20x10°  1.75x10°° 0 7.31x10°®

# 6 HCHs 71 DDTs A93E 3= XU 15 2 (HQ 3k HI)
Table 6 Non-carcinogenic risk index (HQ or HI) of HCHs and DDTs
HI [ AVAVAY AVAVAN ) AVAVA L AVAVAY HCHs 0,p’-DDT p.p -DDT DDTs
filf 8.04x107° 1.98x107 1.18x10™* 5.85x107 2.05x1072 3.12x107™* 2.50x107* 5.62x107*
ik 4.14x107° 1.01x1072 7.89x107° 1.03x107* 1.03x107? 8.18x107° 1.09x10°° 9.28x107°
iy 1.04x10™* 3.24x107? 1.81x107 3.81x107* 3.31x1072 7.27x107™* 3.64x107* 1.09x107°
il 5.91x10" 1.94x107 9.66x107° 9.61x107° 1.96x107 1.03x10°* 0 1.03x107*




4874 B i R A R 2 13 %
. (Comp Ed), 2020, 37(5): 86-92.
3 =z -Le B, Wdh, BB, 55 KRS KT PLEMBRERIAR 255 B 1

()M IR EERR X F7 48 1t 3% £ {4 PN HCHs #1 DDTs 4% B3 7K
AT AR AR, 5% B KO- R Bk 5 fa i R N1 2
PR TS e, — B A A 2 T A T A A,
T 5 JIG 7 & ik A I LA B A0 5 UL L U R A B i 4R
HCHs #1 DDTs,

Q)b HCHs B8 B FZE L) p-AAAN N E, K414
[R5 B TE 0.201~11.594 pg/kg Z[], 7ESE . Bita sl
JE UL JFFERE A1z o DDTs 5% 84 A p,p’-DDE “h EEAFAEIE X,
FRE K AE 0.023~0.134 pg/kg Z (8], 8589 WL p,p’-DDE
R AR, N 0.587 pg/kg.

(3)EFH 4 Fv#a 25y HCHs A1 DDTs & H AR KTF
S, RN TC BH S5 1 i B AU
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