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ﬁ%i% FIHAAMERE(GC-ECD) | FF IR IEF 90k 5T AR P e fa 22 23758 X YK R & % e LA = Cu, Pd, Cd,
. HCHs F1 DDTs #EATA , [RIE R FH T AR R 2 a1 %2 4 EAT AR KU PP, 25 SR, Cu, Pd, Cd. As,

BHCs 1 DDTs £ 4 AR 37 58 DR A 55 456 Bl 43 531 24 2 nd ~ 0,101 mg+L™" | nd ~0.097 mg-L~"| nd ~0.00327 mg-L~",

0.0121 ~0.081 27mg-L™" . 2.63 ~37.18 ng-L™'F12.05 ~12. 21 ng-L~". FE L IE 0I5 X k& BHCs, DDTs & & K/MK

YO 4 > M > BN > 2855, A B y-HCH fag A. AR AL 3R Cu, Pd, Cd, As & (A 5 5°40.805 6,

0.4096,0.070 6, 0.257 mg-kg ™' ,BHCs #1 DDTs &AM 12. 21 mg-kg ™" F113.21 mg-kg ™" 5 R E EHRK ARG

E (EPA) HEAZ PPN SR 6 FH % 3R G e RR XUBS A TP, 25 SR R B IR As FTREARAEEUE KBS 41, Cu, Pd, Cd, HCHs #1 DDTs

RS A AR B0 XU G T el B ke SR R B 4 25 B3 2 (1CRP) 2 Y fi R AT #2532 KRG /K, 2R B B Ak 4 JULEA f HCHSs . DDTs

TR 4 J o A AR XU b F AT
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hESEES, X171.5; X820.4 XERERIRFD. A XEHS. 0250-3301(2014)12-4663-08 DOI; 10.13227/j. hjkx. 2014. 12.033

Residues and Health Risk Assessment of HCHs, DDTs and Heavy Metals in

Water and Tilapias from Fish Ponds of Guangdong

XIE Wen-ping, ZHU Xin-ping, ZHENG Guang-ming, MA Li-sha

(Laboratory of Seafood Quality and Security Evaluation of Ministry of Agriculture, Key Laboratory of Tropical and Subtropical Fishery
Resource Application and Cultivation of Ministry of Agriculture, Pearl River Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Guangzhou 510380, China)

Abstract: Concentrations of copper, lead, cadmium, arsenic, hexachlorcyclohexane (HCHs) and dichlorodiphenylirichloroethane
(DDTs) in the water and the fish samples collected separately from fish pond, markets and supermarkets in four cities of Guangdong
Province were measured by using GC-ECD, flame atomic absorption spectrometry and atomic fluorescence spectrometry. Health risk
assessments associated with Cu, Pd, Cd, As, HCHs and DDTs were conducted based on the model of health risk assessment
recommended by the US EPA. The results showed that the concentration ranges of Cu, Pd, Cd, As, HCHs and DDTs in water samples
were nd-0. 101 mg-L™", nd-0. 097 mg-L~", nd-0. 003 27 mg-L.~", 0.012 1-0. 081 27 mg-L~", 2. 63-37. 18 ng-L 'and 2. 05-12. 21
ng-L~", respectively. The health risk assessment indicates that the carcinogenic and non-carcinogenic risks of Cu, Pd, Cd, HCHs and
DDTs in Tilapias both lower than the highest acceptable level of risk set by ICRP, but As cancer risk value slightly exceeded the upper
limit of the acceptable risk levels in city population.

Key words:HCHs; DDTs; heavy metals; concentrations; Tilapias; health risk
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SKEERTR] R 2013 4F 5 H A12013 4F 12 A, F 4k
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B 1. KRR 12 A REE S AR BN 1,
RAEMIERIZKEE KT 0.5 m) , 757575 AT T
TR, B RAF AR AE 2 LK HE B g ml 5
G T 4CIRA7, 5 4 JE A R A A A SR AR R
BEKFE 1 L OINAHIR [ 5 7 0 SE 5 % v b, B
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Fig. 1 Sampling area in Guangdong province
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Table 1  Location of sampling sites of freshwater fish pond in Guangdong province
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1.2 SEERANEs M)

RS L e 2% & A (1% [ Heidolph 23 7)) , R IK
AR A (RER PR A PR A F] ) | Agilent 6890
SARETEL, A6 EE T AAS (IR
GBC A7) , BUEJRF 2GR T AFS-930 (db 5t
RAXZFABRATD ).

R IEC ke PNER A S T e oAl e
IKGRFREA . IR . B R B2 e &R ¥ Sk 3 Hr 4, W T
JoMAREEH . IEC RS PR A A e S B AT
YIRS TR, R R T T, JoKER R
1 450°C Tyl 4 12 h, AR . bRk i T =
FERUED) 58 HLs.

1.3 FEabH
JKFE 787575 (HCHs ) AR % 5 ( DDTs ) A0, Bt

1 LKERIT 0.7 pom B FE LT 24 08 15T, U8 ¥k LA 13 AH A% i
AT E S (i SPE /M : Supelclean TM ENVITM-
18,3 mL) , LR CERUENL, SLiR AT, IEC b
FERZE0.5 mL, fF GC-ECD 70¥r; B4R, BUK
F£1 000 mL, #4510 155 , 0% , € 45 25 mL, >R H
KA BeA S AP D WS G BE I e KA Ca
Pb 1 Cd (95 &, T2 A i & i, BAR
Z SRR 15].

HWIFE . 757575 (HCHs ) AT 36 ( DDTs ) A6
FEMZE - 20°C R R T8 )5, IR 10 ¢ FEAL, 5 10 ¢
To/KBRRR AT & J5 IR AR (2 S P el 42 ) 47,
BT RIS A 80 mL PYERA— 5 H bl
BRI N 1:2) 16 60°C /KA h 3R 48 h. 42
BRI IR KI5 IS , FHTie e 25 RAN 46 2 5 mL.
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Z80F O e 71 B 45 i R 48 W SRR (3 em) Al
TRIRAERS (10 em) (92 7L, H =5 e A IE 4
(IRFRLE N 2:3) TR G W ok, IRV e 7 28 e vk 4
20.5mL 4, HEMAARIKR T, ECHERE
0.5 mL, ¥ GC 4r#rkeill; &4 @i, 43-H 10 ¢ &
eI FMLA, Cu, Pb Al Cd ik 3R 1] HNO,-
H,S0,-H,0,-HCIO, ¥ ¥ 11 fif , Al %) 2 & 3R H
HNO,-H,S0,-HCIO, 1514 .

1.4 FESHT

HCHs #1 DDTs 3% [ Agilent 6890 “AH (%1% ik
F1500T SR A TC 5 0 20 - N oLl AR A
MEH(ECD) , A% FE RIS Agilent DB-1701, K 30 m,
A2 0.32 mm, [EZEHAEE 0. 25 mm, HFE 50 kPa,
WAL E, W 2 mLemin ™. HETHEREF N
100°C , 54 1 min, B4 15 °C -min ~' FFTHE E 230°C,
A AR I B2 4351 260°C F1300°C. R HH A
T T CBE T K B AT B3R DU 2 A P Ca
Pb Fl Cd 15 1, R 2GR A Y 5
L5 sl

HCHs 1 DDTs F| R A bk X AL 5t 45 Wi 47
AhbRE M, &, ATl R R R AT TR A A
L nbR AVRE B A AR ). fE /KRR HCHs Al
DDTs B IR 73.3% ~97. 5% ,HCHs # HiBR K
0.150 ~0.70 wg-L~", DDTs K HFR A 0.93 ~9.20
g L0 AR A FE TR R 4R ) FE 80% ~ 110% [H],
HCHs £ H B4 0. 015 ~0.070 ng-g~', HCHs £ i1}
R4 0.093 ~0.92 ng-g ™"

AR EY) RICRTE 95% ~ 120% Z ). X
MK PR Cu, As, Cd. Pb 43 %l & 83.60 .,
4.04.5.44 13.21 pg-L7".

1.6 FdEadr

F G AT Origin 6. 0 HEAT HHC BRI /347

KEiit.

2 BEKEIENTTIE

2.1 ZE[E(USEPA) fathR XU P 7k
2.1.1 Hg. Cu M Pb JAESUE Y T SO A
. D, x10°°

“ 7 RID,/ HAHNT x70

(1)

D, = HFRPK™ AR x /60 (2)
A, REWAEEURY) © S8 AR T BUH R 1
MIEBERR (™), D, N8 IR RS 5 ER 1
H e R 8% M i [ mg- (kg-d) ™' ], RID, HIEEUE TS
P HEABRRESHE R G [ mg- (kg-d) ~' ], A
FEPAE S Y Pb, Cu [ R, 4 i K 0.014
mg- (kg-d) 7', 0.005 mg- (kg-d) ', %2 HFHRIE
H10, 70 I AXIFF i a5 HARK fhE AR
JURA JE R B A5, T K AR
70.8 g+ (A-d) " &K 39.0 g+ (A-d) ' 60
ANBIAE ke
2.1.2  Cd H1 As S04 o sicfa B £ 3 i XU RS A
R; =[1- exp(—Dig qu-g)/70 (3)
X, Ry WA BURY) | & & NE = A 1T A
ANBUBERE (a™") 5 D A EUE | £ AR
(R T i H B K 5% 88 71 i [ mg- (kg-d) ~' ]
a N FBURY | &/ R AR BUE R R A
[mg- (kg-d) =", MR 45 [ PR iE AF 5 ULAG (TARC)
AR T A 140 (WHO) 3 5 4 1 7 0 £k 24 4 I
FURPE T SRR B G 1 0 R RS, Cd AT As 1
g o R B qig{ﬁiﬂ 6.1 mg-(kg-d) ' Fl 15
mg- (kg-d) ' 70 HAEKFH HAr(a) . HTIK
BRFERENHBRREENE(D,) ZHA(2)
.
2.1.3 HCHs 1 DDTs SO 9 it Sofd 5 fa 5 1 XU
7Y
R T 58 B0 fb 24 1 BUE R B R 8L CSF (3R
2) KRR R T R E H T i W (d ),
A 24 ) B0 U 2280 CRIL
CRI = ¢; x CW x CSF (4)
M CRI< 107, ARy nl 4252 0 8OU@ K, B 2%
S
WP B fEE =2 % RHD (3K 2)
RS LV NSE R
ERI = ¢, x CW/RHD
2 N A AT B SO T P 4 e AN ot
fEFH 2 %A ERL< 1, 1A\ Ky 35 il XU 7T DL 43

~7,[17]
A

R2 HERERENEENESEE

Table 2 Carcinogenic risk index and reference harm dosage of HCHs and DDTs

R4 a-HCH B-HCH y-HCH p,p'-DDE 0,p'-DDT p,p’-DDD p,p'-DDT
CSF x1070/d"! 6.3 1.8 1.3 0.34 0.24 0. 34
RHD x 10 ~°/d ! 8 0.5 0.5 0.5




4666 wom B % 35 %
2.2 H B KTt 52 3 A 2 (PMTDL) fl BE KU AN S8 X AR fd B ARG
Dyt
MDI = ¢, x M, s) 3 ZRE5HSH
X, MDI MBS E RIEA R (mg-keg™") ¢, WY 3.1 J % B EF40 0 E£ 2 KA HCHs . DDTs

AT ESE S & (mg-kg ™) ; M, WP
AR [g-(AN-d) '], JECFA 25, 8Y, 4%
(%8 & PMTDI (LA BW if) 43328 0.05 ~ 0.50,
0.004 . 0. 001 mg-kg ™", AMERLL 60 kg T1H".
4 MDI/BW /T JECFA $2H#) PMTDI B, 45 itk
A BRI AR LETE AR 5 Sz, 15 I o 4

MEER /&S558

3 50ih Tt dErh 32K HCHs , DDTs FlER43
e | o, 45 R B R, HCHs B8 K 98 Bl oy
2.634 ~37.182 ng-L™", F-¥J{H 4 20.39 ng-L7',
DDTs A6 YT A 2.05 ~12. 21 ng-L~", “FH4{H
95.59 ng-L™", 4 A3 2 A 0 R X5 R HES I

£33 ITREFFEEFEEANEKS HCHs, DDTs MESEMNE

Table 3 Concentrations of HCHs, DDTs and heavy metals in water of fish pond ( Tilapias) in Guangdong Province

e HCHs, DDTs/ng-L ! E4&JE/mg-1.7!

’ @HCH B-HCH y-HCH 8HCH > BHCs p.p'-DDE o,p"-DDT p,p'-DDD p,p' -DDT > DDTs Cu  Pb cd As
71 0.25 0.36 0.90 1.13 2.63 nd nd 4.03 0.54 4.56  0.011 0.056 0.0032 0.0383
72 1.41  0.48 7.19 0.6l 9.69 0.53 1.02 2.30 3.50 7.34  0.019 0.020 nd 0.0133
73 0.85 0.85 1.99 0.83 4.51 nd nd 2.62 0.61 3.23  0.023 0.097 nd 0.0715
H1 0.38  5.42 12,14 1.01  18.94 0.37 nd 1.84 1.15 3.35  0.004 0.019 nd 0.0121
H2 nd 8.60 552 3.65 17.77 2.46 1.19 1.57 0.73 5.94  0.011 nd nd  0.0487
H3 0.76  3.44 3.21 1.99 9.39 0.35 nd 2.56 1.22 4.12 nd nd nd  0.0492
Ml 32.68 nd  54.20 1.68  88.55 nd 1.87 3.82 1.97 7.69 0.011 0.029 nd 0.0119
M2 0.59 1.05 11.68 1.07  14.38 0.31 nd 4.12 0. 81 5.23 0.019 0.027 nd 0.0136
M3 .15 0.23  0.73 1.47 3.57 nd nd 2.93 0.52 3.45  0.023 nd nd  0.0465
G2 0.17 0.94 231 1.20 4.613 nd nd 1.82 0.23 2.05 0.006 0.012 0.0002 0.0112
G3 0.72  0.39 35.65 0.43 37.18 0.45 1.17 8.71 1.88 12.21  0.040 0.040 0.0002 0.060 0
G4 0.77 1.60 30.30 0.80  33.46 0.83 0. 81 3.32 2.93 7.89 0.101 nd 0.0001 0.0812
FHME 361 2012 13.82  1.32 20.39 0. 67 1.21 3.30 1.34 5.59  0.024 0.038 0.0009 0.038 1

FFR %4 > T M > BN > ZERE ) 5 N 3 KR
FeAs, & 5 M AR K AR 5 6 R T K PR
IR (2 S e R AN AW/ 1\ KUY, S N
B BROK AT E AR, Co T RN nd ~
0.040 mg-L~" ¥J{H 4 0.024 mg-L~", Pb & & H [
J9nd ~0.097 mg-L~" ,¥{H4 0. 038 mg-L~", Cd &
I E K nd ~0.0032 mg-L~", #{H 4 0. 0009
mg-L™", As FEERIH0.0112 ~0.0812 mg-L™",
FIER0. 038 1 mg-L~", 353K ) M 2 K B85 T 1t b
7ET (GB 3838-2002) 55 = /K LK.

HCHs A1 DDTs 41 WA AE 0T F T 9F- 0 75 4 9
AR 5 BR A Y Oy 2, BR YR /2 HCHs #
DDTs A P= i A ZANH]. HCHs B4 LA AR &
WA, —Fh Tl 5 HCHs, A 4 FE A9 BHCs,
HEB9H a-HCH(65% ~70% ) . y-HCH (12%
~14%) . 8-HCH (6% ) . B-HCH (5% ~ 6% )'*"".
B —FEFRMFE , y-HCH & 8835 99% UL |, Hilk
IREERE i BHCs 5% 83 i AR DGl # DL a/y HUAEAE
PR RS TR HCH 9 /'y HIEAE 4 ~7 Z08], 35

BT Tl 4 LU (L T 1, W A s i o y-
HCH M . [RFE Tk H & DDT f K F 70% 1Y
p,p -DDTFIKRZ) 15% ) o,p’-DDT 4%, o,p’-DDT
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Table 4  Secure limitation of HCHs and DDTs to aquatic product in different countries
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Table 5 Health risk assessment of heavy metals in Guangdong Tilapias (USEPA)/a~"
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