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Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in Water and Fish from Tilapia Pond of Guang-

dong
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(Key Laboratory of Tropical and Subtropical Fishery Resource Application and Cultivation of Ministry of Agriculture, Laboratory of Seafood
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Abstract: Polycyclic aromatic hydrocarbons(PAHs ) have caused water and aquatic product pollution. In this study, the residual levels of 16
priority PAHs in water and Tilapia samples collected from fish ponds, markets and supermarkets in four cities of Guangdong Province were
measured by GC—MS. The health risk model recommended by USEPA was used to assess health risk of these fish products. Total concentra—
tions of 16 priority PAHs in the water ranged from 53.55 ng+L™ to 679.97 ng-L™, averaging 272.53 ng L™, while the contents of PAHs in
aquatic products ranged from 182.66 ng- g™ to 717.20 ng- g™, with the average concentration of 355.28 ng-¢g™". The predominant PAHs in the
water and the fish were low—molecular ones, which accounted for 69.64%~97.09% and 59.70%~74.46%, respectively. The carcinogenic risk
indexes of 6 PAHs through the fish consumption ranged from 2.87x10% a™ to 1.56x107~ a™', with 8.96x107 a™ and 3.54x107 a™' for the town
and county residents, respectively. The non—carcinogenic risk indexes of 8 PAHs varied from 2.51x107 a™' to 1.54x10 a!, much lower than
the maximum tolerable value(5.0x107° a') recommended by the International Commission on Radiological Protection.
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Figure 1 Sampling area in Guangdong Province

xR 1 FERBEKERESSH
Table 1 Sampling sites in freshwater fish pond

Hir's RFE A L Hirs R G
Gl T 7 £ 3k N23°03.014,E114°35.309 71 HEPRIUSy N22°40.300, E113°36.744
G2 T T B N22°43.347,E113°32.334 72 HEPRIUSy N23°22.225,E112°39.108
G5 TR 12 9 N22°40.01,E113°36.745 73 HEIR N23°56.507,E112°37.385
HI BTG N23°11.058,E114°26.378 Ml e N21°40.908, £110°42.004
H2 BN NG N23°11.168,E114°22.949 M2 PR X N27°37.421,E110°41.586
H3 HMR N23°03.815,E114°35.309 M3 B2 R X N21°41.921,E110°48.224
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100 mL S e R R 72 h, KRR BORIEFE 28 &
Wi % 20 mL J5 FIVRBRERIBEAR , AR 2k 45 2 1 mL, I
A 10 mL IE e, e 25k 20 1 mL A2 47, A
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14 BESTESREET

kSR AN AE = T 99.999% A L Ui
1.0 mL-min™'; ZEFE TR 260 C, kb A 23 i3F
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5 °C-min™ F}Z 300 CLHF 5 ming TG4 0F : 251 IR
£ 300 °C, PR AT EE 200 °C, 42 R EE 300 C, #%7
HEIR 5 min, PEFF ST WAL,

Bl AKAER H FR A 0.24~1.00 ng- L7, filldr
ISR 56%~103% , K7 ik i BR R 0.12~0.50 ng -
g, bR R 93%~108% .,

#HR5iTiE
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IR Z AE f1 27258 3 Br I FE i K AR R Flo Phe

2

Ant Fla Pyr Baa Rk 100% Nap.Acy . Ace Chr,
Bbf Bkf.Ind F BghiP 433114 16.7% .250% 8.3%91.7% .
8.3% .25.0% .16.7% % 33.3% ; Bap .Dba A K M} (3
2).16 F PAHs & F3{E N 272.53 ng- L7, JE [l
53.55~679.97 ng- L™, Hrh 6 FhEUR I 2 30 05 25
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FE7KAR PAHSs & it 5 T 5 4(E170.72 ng- L7,
{EAR /NP TE KA 315.72 ng - L ML LR T 16 N 3
SEIA] Y AN R TR 3 (281.6+336.9 )ng - L AAEVT 534
ng+ L7 JLKIT. 242~6235 ng- L 79 AR FEHE X
JIE AN HR 22 P05 H 1 e K/ IMIRYR Ry %44 (459.32 )ng -
L'>2E P (368.51 )ng - L'>ELH (119.22 )ng - L7'>) M
(80.03)ng-L™, #0044 1w X, X AT
AE 155 44 b DA AL TRV Tl 72 RR YR LA K 75 Y HE ik
S FEH A PAHs V54 %,
22 TIEAEAASF 16 7 PAHs &=

FAANLAH PAHs & (LT ETR) EEHR
182.66~717.20 ng+ g™, F-1 550 35528 ng- g™, /K7™
ai ' PAHs 20 B DAMIRIR PAHs 3, HEai & m i
i, & . o, K3 PAHs fr 5 L E 2051 2.42%~
11.87% .22.03%~34.10%#1 59.70%~74.46% (& 2) . kb,
B H A IX K 7™ 5 PAHs &, BAEMNLA &

R2 IHRETEEFREEPEKESD 16 7 PAHs FE(ng L")

Table 2 Concentrations of 16 priority PAHs in water of Tilapias ponds in Guangdong Province(ng+L™)

st 71 72 VA] H1 H2 H3 M1 M2 M3 Gl G2 G5 HE K R%
Nap nd nd nd nd nd nd 4.10 nd nd 1.13 nd nd 2.62 16.7
Acy nd nd 2.26 nd 6.36 nd 5.35 nd nd nd nd nd 4.66 25.0
Ace nd nd nd nd nd nd 7.77 nd nd nd nd nd 7.77 8.3
Flo 92.72 52.73 46.74 16.06 63.17 1533 22128  71.17 22.61 21.06 29.06 10.12 55.17 100
Phe 233,57 19417 11037 5543 12420 4958 35792 29261 95.16 71.39 76.717 19.01 140.02 100
Ant 37.45 18.18 10.37 8.57 20.67 1.07 10.42 2350  100.72 297 797 1.56 20.28 100
Fla 5291 56.49 24.46 17.15 24.83 25.20 53.33 36.70 15.24 19.38 11.07 11.49 29.02 100
Pyr 14.21 31.09 12.09 9.86 13.97 1.17 13.29 21.00 9.18 3.10 6.75 4.95 11.72 100
Baa 5.68 10.45 4.04 2.03 2.49 3.19 2.85 3.09 1.41 3.46 2.32 1.81 3.57 100
Chr 7.08 13.01 5.12 2.53 3.09 3.98 3.66 3.90 1.71 nd 2.88 2.25 4.47 91.7
Bbf nd nd 1.89 nd nd nd nd nd nd nd nd nd 1.89 8.3
Bkf nd 3.25 1.68 nd nd 1.50 nd nd nd nd nd nd 2.14 25.0
Bap nd nd nd nd nd nd nd nd nd nd nd nd 0 0
Ind nd 1.48 1.61 nd nd nd nd nd nd nd nd nd 1.55 16.7
Dba nd nd nd nd nd nd nd nd nd nd nd nd 0 0

BghiP nd 222 58.22 2.58 nd nd nd nd nd nd nd 2.37 16.35 33.33

2 PAHs 443.61 383.07 27884 11421 25877 101.02 67997 45197 246.03 12248 136.81 53.55 27253
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Figure 2 Contents of 16 priority PAHs in aquatic products( Tilapia ) from Guangdong Province

(FEIH&THIB(320 ng-g), PIREE T, iR A2
)55 7K (2 80% ) 435, ¥ PAHs % 28 36.53~
143.44 ng-o, FH 580 71.06 ng- g™, 57 s Hh X 3
T 15.5~118 ng- g™, 1Ml & T KR T 7 Mk i 60.30

nge g,
2.3 16 fifi3= PAHs 7E7K 70 F E A AL A FR 4B A 4F
ES

i 3 frow, KA 16 A4 PAHs 20 il 32 %
DMK 3, P s 3 & mARAR S R A i, 3 5 H A
AR A 18 B A — 30 B BRI R 69.64% ~
97.09% , 135 82.91%~16.82% , F 3K 0~21.45% ; F%
FESS 73 S PR R HL B 8 21.45% , B S v T A

FEI7E 0.021~0.51 Z i), KF 0.1 A 4 A Rkf s, HiAr 8
ASREES/NT 0.1, BHAFREE K 4 PAHs [92k
TR AR A
24 I"ERFIEAM R PAHs #EXUBE & IEMN
ZIRT5 RN N A B IRV S PE M Jr i e 21,
2w R ) Ry 52 1 IR A Ry (USEPA ) B0 U 32 28
P ZIRIFIR IR BUERON R R I [al e
BEPE 2 P B RS R BOER VA, SR T2 Nis—
bet 55 Laygoy #2& i 1) BaP S50 4 REL, S50 R E
% 3 PAHs i BaP SHEF
Table 3 Toxic equivalent factors( TEFs) and
reference dose(RfD) of PAHs

RAER AT REAAAE—E R BT L PAHs TEF RfD/mg-kg'-d’ PAHs  TEF  RfD/mg-kg'-d’
PAHs F33E T TV AT H & A5G e TR A FHT Nap 0.001 0.02 Baa 0.1 0.03
T AT AT 2R WA PAHSs ) 2R I Acy  0.001 0.06 Chr— 0.01 0.03
IR HR 22 13542 135 Yok TR A H BT B 1A f;fe gf}gi ggj E‘; 2'1 ggz
D SRR T RO R A Opn e o a
PAHs E’J?’G‘?’Lﬂéﬁﬁiﬂfpfi%ﬁﬁm]o B/ (B +3E)<0.1 At 0.01 03 Ind 5 0.03
BN R A TR AR A BB CREL+FE ) >0.1 T LUk e T Fla  0.001 0.04 Dba 0.1 0.03
N E SRR 12 AR R SUKIR BB +3E) FETE Pyr  0.001 0.03 BghiP 0.0l 0.03
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Figure 3 Contents and percentages of 16 priority PAHs in water of Tilapias ponds in Guangdong Province
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e, AR, FALIE 3 R,
A SCR FFL S IR EPA 27 10 4 SR F 00
I PIREA PAHS (GEHE UK . OB R, R4

WD), AR BT BUERR A8 3 89 KU A R,

HEILAX(2),
CXTEFXIR; xEDxSF (1)
BWxAT

R.=

Rﬁ%%%%i (2)
A :C 5§ > PAH [ il 8K ,ng - L TEF, &
BaP 5 i 4~ PAH S840 H 75 SF Ay 4k 2 S0 W i 80U
RERZEL, UL 7.3 kg-d e mg ™5 ED g2 it , 5
YD F UL 70 as BW V-3 NARIREE, HUE N 58.6
kg IR, 2K 7= SRR A% g+, AR TR L IR TT
RF- 24 A\ H ISR ™ i B 41,616 g, A e R
M 285 14.685 g(H E G IH4FE % 2013)PAT Jy i
) @& I A], 70 ax365 d-a”,

R A5 B RS AN R RPN S 550, X T AR %

LR Z 305 R AT REBUR P A T XU PR L 4,
2B S NAESUE XU 2.87x10°~1.56x107 a™,
W R IME R 1.08x107 a™, R A& RSN
3.82x107° a™ Ik T [E PR 5 b7 47 2 51 25 (ICRP) #i: 75
) e R T 232 KU 7K - (5.0x 1075 ™) {H 18 T Ji
INRIR o 2% B AR BE TR HERE 0 5 K AT 252 K
(1.0x10°a™); f&44 T Z 35 KRB0 P XU = T A
HL X, BTG YW 26 TT () B KU B kR o fe K
AR LA 5 8 FhdEEUm PAHs A 154y
Yyt AR B AE B0 U W3R 5, B 2o KU R
2.51x107°~1.54x10 ™', 3k 7 & FOSEHIME M 1.07x107°
a” AT R E R 3.75x107 %, S Ik T [ B 4
B 471 25 51 23 (ICRP) Fl 3 ML PR Oy Ao 22 S I FH ARG
PR 1 B R T 232 K AN EBURE PAHs (L&)
5% B8 LA IR IRV £ K5 A [) 3k i 2 A g LA wh A Boi
PAHs XU b A, 75644 31 350 RURS: BH S 5 3k — Ak
i1, HARHEGIy 4y 5 24 > BN SHE B> M, 3% AT g

R4 SHFTROBUERE (DN ANERRE,a™)
Table 4 Carcinogenic risks of Tilapia from Pearl River Delta

N T Baa Chr Bkf Bap DahA Py licos
iR R A 2.43E-06 3.81E-07 8.37E-07 1.29E-06 9.30E-06 5.20E-07 1.27E-05
M 2.00E-06 2.89E-07 7.96E-07 8.46E-07 7.19E-06 3.90E-07 1.56E-05
il 1.25E-06 2.83E-07 4.54E-07 7.13E-07 5.19E-06 2.92E-07 8.14E-06
HEER 1.66E-06 2.47E-07 6.56E-07 9.62E-07 7.10E-06 3.82E-07 1.10E-05
HE 1.84E-06 2.88E-07 6.73E-07 9.53E-07 6.69E-06 3.96E-07 1.08E-05
AR R R A 8.61E-07 1.38E-07 2.94E-07 4.57E-07 2.57E-06 1.84E-07 4.48E-06
HLH 7.04E-07 1.02E-07 2.81E-07 2.98E-07 2.53E-06 1.37E-07 4.06E-06
i 4.40E-07 8.41E-08 1.60E-07 2.52E-07 1.84E-06 1.23E-07 2.87E-06
HEER 5.85E-07 8.70E-08 2.16E-07 3.39E-07 2.51E-06 1.35E-07 3.87E-06
HE 6.49E-07 1.02E-07 2.38E-07 3.36E-07 2.37E-06 1.39E-07 3.82E-06
xS ETFROEBUERE (D AEXE,a")
Table 5 No—carcinogenic risks of Tilapia from Pearl River Delta
R FREM Nap Acy Ace Phe Ant Fla Pyr R
I T R R R4 1.57E-10 2.11E-12 745E-12 2.03E-10 6.49E-10 1.22E-11 2.63E-10 1.90E-10 1.54E-09
HM 2.94E-11 1.22E-12 3.82E-12 1.19E-10 5.71E-10 9.97E-12 2.29E-10 1.69E-10 1.13E-09
I 8.59E-12 1.33E-12 3.05E-12 7.76E-11 3.67E-10 6.13E-12 1.43E-10 1.07E-10 7.14E-10
ZEPR 6.39E-11 2.70E-12 6.63E-12 8.63E-11 4.46E-10 8.76E-12 1.79E-10 1.45E-10  9.39E-10
HME 6.47E-11 1.84E-12 5.24E-12 1.21E-10 5.08E-10 9.27E-12 2.03E-10 1.54E-10 1.07E-09
AR R R 5.23E-11 7.40E-13 2.62E-12 7.14E-11 2.28E-10 4.30E-12 9.22E-11 6.67E-11 5.23E-10
HM 1.03E-11 4.30E-13 1.34E-12 4.19E-11 2.01E-10  3.50E-12 8.04E-11 5.95E-11 3.99E-10
JM 2.25E-12 4.68E-13 1.07E-12 2.72E-11 1.29E-10 2.16E-12 5.02E-11 3.78E-11 2.51E-10
ZEPR 2.25E-11 9.48E-13 2.33E-12 3.02E-11 1.57E-10  3.08E-12 6.30E-11 5.10E-11 3.30E-10
HME 2.28E-11 6.46E-13 1.84E-12 4.26E-11 1.78E-10 3.26E-12 7.14E-11 5.40E-11 3.75E-10
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