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Ecological and health risk assessment of polycyclic aromatic hydrocarbons in a typical channel catfish
(Ictalurus punctatus ) breeding area in Jiangsu , China

XU Zhihua'?, LIU Yi'?, LIU Chongwan'?, REN Di'*, GENG Xuebing'?, GE Xiaoqin'?, ZHU Xiaohua'*"

(1. Fresh Water Fisheries Research Institute of Jiangsu Province, Key Laboratory for Fishery Product Quality and Safety of Jiangsu,
Nanjing 210017, China; 2. Fishery Analysis & Testing Center of Jiangsu Province/Quality Control & Inspection Center for Domestic
Fishery Products, Ministry of Agricultural and Rural Affairs(Nanjing), Nanjing 210017, China)

Abstract: The present study evaluated the residual levels of polycyclic aromatic hydrocarbons (PAHs) and their associated ecological and
health risks in a typical channel catfish (Ictalurus punctatus) breeding area in Jiangsu Province. Gas chromatography—mass spectrometry
(GC-MS) was used to track and monitor the PAHs residues in the fish bodies, pond water, and sediments from the main breeding ponds

according to their growth stage in Jiangsu. The Kalf risk quotient (RQ) was used to assess the ecological risk of pond water, while sediment
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quality standards (SQGs) were used to assess the ecological risk of sediments. The health risk assessment model recommended by the

United States Environmental Protection Agency (USEPA) was used to evaluate the health risk associated with eating channel catfish. The
results showed that the total detection rate of 16 PAHs was 100% in fish bodies, pond water, and sediments. However, no carcinogenic
substances, including benzo|alpyrene, were detected. The PAHs monomers Nap, Phe, BaA, Pyr, Chr, Flu, and Ace were commonly detected
in fish bodies, pond water, and sediments, and Phe was detected in all matrixes with a detection rate of 100%. The detection rate of Nap
was more than 80%. In terms of structural composition of monomers, catfish and pond water normally contain compounds that have 2 to 4
rings, while the structure of monomers in sediments was more complex, with 3 to 4 rings being more dominant. The total PAHs content in
the fish bodies (based on wet weight) ranged from 11.75 to 60.02 g« kg™ In addition, the concentration associated with the risk of eating
channel catfish for adults was found to be 2.25%10°~5.80x 107 a™'. The carcinogenic risk was found to be far less than the maximum
acceptable level, being at a controllable risk level. As for the ecological risk assessment of pond water, the concentration in pond water
ranged from 0.03 to 0.46 pg- L. The overall ecological risk was low, but the individual Nap, Phe, Ace, Pyr, and Fla concentrations in some
ponds were found to have medium risk levels. The impact of other monomers on the ecosystem was negligible. According to the ecological

risk assessment of pond sediments, the concentration in sediments (calculated by dry weight) was 24.48~145.04 wg-ke™'. In general, the

detected PAHs concentrations would not have significant side effects on organisms.

Keywords : Jiangsu; channel catfish; residue; polycyclic aromatic hydrocarbons; health risk assessment; ecological risk
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Figure 1 Sampling location distribution diagram

TELTHEYEIE , R FRRT AL

TV « B AFF SR IO 35 SIS 2 kg (3t 3 ) £f1 45
SEREC3 ) A R SOCR AR R M IR )2
DU i S 00 =2 Je 2ed A SR KT 1 —  iF
3:50.15 mm FLA2 (100 H )46 5 , R A A0 34
1.3.3 HEAhATAL B

IKAEFTALFE : FH Cos B AHZE B (6 mLL, 0.5 g, FEH
Supelco 28 ) ZE L PAHs , 5 A& IORE A1 0] 5256 %8 E A 7
VEMR S 08T . F AR e S B R AR SR TG Tl 37
Tl RS KoK 7= i 16 R PAHSs I & 573, SO (033 -
JEE IR FHAS LA
1.4 FREBRRREET

FRUEVE R« {6 FH OE L e Be il i 7% 16 Ff PAHs W
1.0.5.0,25.0,50.0, 100,250 g« L™, AR I B Ky
100 g L7 ABRETE R, LABR 7 80 H 00 21 43U T
FEURN PN AR o 0 1T R EE A R AR, Br HEVA WP 4%
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110.7% . 0.64%~8.94%; 33 5 Hl 7K 74.19%~116.7% .
0.52%~8.91% , /K 7= & 70.3%~126.4% .0.14%~8.91%;
SRR H R 4 0.017~0.171 pg-kg ' 171%,
1.5 B TIE& M

33 4514 : DB35-MS (30 mx0.25 mm, 0.25 pm) ;
HERE TR 260 °C 5 2500 99.999% & 4l &S s Ao
AR, JEAE R 1 pL; P 1.0 mL - min'; A TR AR
- WA TR 70 °C(1 min), 15 °C-min™ FF & 190 °C(1
min) ,25 C-min' J} 2 200 °C;5 °C-min"' 7} & 230 C
(4 min),2.5 C-min' J+ 2 250 C(3 min),2 °C+-min J}
%280 °C(3 min),20 °C-min ' F}+Z 310 °C(2 min)!""'8!,

JE RS BT ; 2 FURTELEE 160 °C 5 PUAR AT
150 °C; {5 iy 2R I FE 280 °C 5 ¥ £ B T 461 (Selected

Rl REMRREGE

Table 1 Sampling location, longitude and latitude

J¥5 Serial number f&iFX Abbreviation SKAEH 5, Sampling location 45 ¥ Latitude 2] Longitude
1 cD4l ARG 32°52"1.02"N 120°19"13.80"E
2 HL4 T 2 T 32038 14.54"N 120°23"56.66"E
3 SY 4 T B IX 34°07'1.45"N 118°02'24.19"E
4 TL4 IR RILIX 31°18'8.17"N 120°37'52.75"E.
5 DX 41 ERWERX 34°32739.55"N 119°2374.44"E

1% WHART]
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SR BB 1 R 17 kPa, WY BL 2 24 21 kPa, J5 a1 7 B[R]
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CQ\(MPCs)
16 i PAHs & i KU BB A A F
16
RQsea.=) RQ: (RQ:21) (4)
=
16
RQ})PAHs(MPCs)=2RQ£(MPC5) (RQL'(MPC=)>1) (5)
=1
16
RQ spansxes) ZZRQi(NCs) (RQi(Ncs>>1 ) (6)
i=1

o RQ A RUBS B A 5 Coan 7K AR H RS PAHs BRLAAC R
B ng- L5 Cov 7K M4 b 52 PAHs B4 (1) XU A A
ng- L5 Covineo MRS AR AR , ng» L5 Covanves A i
155 U R MEAEL , ng « 175 RQwe. R 5 IR RUBS: R AEL 5 R Qv
St e KU R AR, A AS XU S 200 43 LR 2.
1.6.2 JRIEA KB AN

R TR 5o 1 1 (SQGs) XIS Y8 H PAHs

F2 B{KPAHs 1Y PAHs £ #REE L% 5
Table 2 Risk classification of individual of PAHs and total PAHs

A SRS T S . M LONG 225K 5 2 4R
B A IO A BIL TS G s A A A IR A5 X T AI
{8 (Effects range low, ERL) F1&% W [X. [8] H {H (Effects
range median, ERM) , 475 ¢4 % fit/NF ERL B, X 2R
W75 BIAE F A B35 XU LR <10%) 5 2475 ey o 5
K F ERM B, %A= 4 5 7 A6 B @A A OXRUR: L2 >
50%) , AT RE 2377t — 2 B B I AR 2SR 5 15 e
HTE ERL 5 ERM Z [A] I (AU TLEA T 10%~50%) |
Y Rala e T T4 SR S A
1.7 B X R H % 8 B U 47

K FH 25 E PR 5 (USEPA ) #E 75 0 4 A= B0 KR
(Incremental life time cancer risk , ILCR ) #8 BUPEA B i
SRS B A B XU

TE Q.0 =ﬁ C. x TEF, (7)
TEQu.» X DR X ED X SF X CF (8)

BW X AT

K i n=16;C:o PAHs 2143 i 76 B 5 SR HRE i 1
WelE ,ng ke s TEF, R 2H 43 i 1) BaP 5 24 A (K
3) s ILCR }y PAHs 7EHE 50 1 T 1Y N 28 A B0 AU 5
TEQu.» 4 PAHs A0 Xf T BaP A9 %5 &% 298 % M, ng -
ke™'s DR W ARE H W8 A & MR8V I5 8 5211 )= 2019
Ge AR SEPerh i 0 28 H X0 2 Kb B Ml ge it
A SO ) BE AT SR My AR 2T R A U
9 1.92x107 kg - d™', SF >y BaP 4 20 KU 2 50z 1
TR BUE , 7.3 kg-d"-mg" s CF G 2 %0,10° mg-
ng's EF iy B AF 28 58 KB, BUE K 365 d; BW A
NI TR kg, BUE N 61.5 kg5 AT R A RE A T4
FFA,a, HAE E R G 1T R B s A R 76 a3 ED N %
FEAEE, A BRI B30 a, BURYIELT0 a3 AT Jg AHY
T 75 4, X T AR EURE P HC30 a(10 950 d) , XT T
FEPIELT0 a(25 550 d) .

ILCR=

*3 PAHsHIBaP EHEF
Table 3 Toxic equivalent factors(TEFs) of PAHs

PAHs AU S5 4% Risk level RQxco RQowrco PAHs TEF, PAHs TEF;
A PAHs R R 0 Nap 0.001 BaA 0.100
AU >1 <1 Acy 0.001 Chr 0.010
o AL >1 Ace 0.001 BbF 0.100
Y PAHs TEABE 0 Flu 0.001 BkF 0.100
R RS >1 H.<800 0 Phe 0.001 BaP 1
rp 4G IR - 1 >800 0 Ant 0.01 Inp 0.100
rp 4 IR -2 <800 >1 Fla 0.001 Dah 5
e AU >800 >1 Pyr 0.001 BghiP 0.100
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2.1 BREIFEFEthE I S R tE KK KR PAHs
K& 2 RAFE

AR SCXF SAS FFRFH X HEAT T 16 Flt PAHs 2 5345
T, B H R 100% , 8 iR FR B KA TR
PAHs B Nap . Phe . BaA | Pyr, Chr, Flu . Ace ok
ot 4, Ho b Phe 76 25 41500 b ¥ A K A R A
100% , Nap ik % 80% VA I, JEJ& FE A T5 5, (HEL
FEPEY R I [al i R . ARk E LS
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113.1 g - kg™, R — 7 3ol 0% £ 406 £ 55 12 40 1) A
43.42.67.70 pg-kg's

b 3 77 7E /K 8L PAHSs 75 575 B 7F 0.03~0.46 pg -
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PN 0.033 g LY, 5B 45 R A — 3%
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I b HAT AR SR SCIR A, LR IIEUK R BRIV
R ARV 6 SCOP SR A R T AR L IX 2 R
IR K AR PAHs & 5 {E R 0.27 pg- L7 Y5 Hh
0.053~0.680 g« L™, fa {4 7 5 by 36.53~143.44 pg -
kg™ KA AR AR I 1 EE G
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(AT sttt TR, A4 e B B , 38 &3 PAHS

P E/NT 200 pg-keg ' A ARTT YL, 200~600 pg-kg' A
BRPEYE YLBN ] UL SR XU s Y R B R TR TS
] 3 DO W PAHSs SF 3 & o 143.30 ug -
kg ', i % 22 T AR A A B L AE 189.2~725.9
pe ke, Ab T - S TG YK, H T P oY 5
B, B 3R 5 PAHS 75 QL PR A4

PE— 243 By B4R PAHS, W1 Nap 3 225 F J5 98 A
JELJHE (R R e, Pyr . Phe | Fla 1] 1 SRy 4 2 198 b 45 7
P, FE B IRBE R AE AR I R SRS Yok TR . TR,
MAHLR R S ] R 5 X PAHs 15 Yok U5 22k
A BB
2.2 FEMBERR A X EH . tEKE KR PAHs 45
MIZE R4 AE

R4 PAHs 2544 22 5, 7T LIKG PAHSs 43 K3 (2~
3ER) RER(43R) EER(5~63F) o X 5 B FA X
PAHs Z5 ¥ 51 740 BT , A BB o, S i 4 | 37 BB /K
LA 2~4 35 By, S FRLA | ARAG H (R T4
BR) . Hi KA HRIRER PAHS & 5 T 30 IR e 4%
P8 R 5 2%, UL 3~4 38 R A 3l 4y, ik U TP IR A
PAHs 5 =35 PAHs & it LSRR PR (E 2) o

i F PAHs £ f i Py RFURE EE 5 HOK IR 8 p 1)
TSR AR — 27, R R R A PAHSs 4548 -t FL
AR, AR R . TELLE SR A TR
Ui 7K RE T AR O YT B L7 6 £ {4, & B PAHs 4544 20 A
oS WDR R EEZ S SN 1E 7 7 (AP IEE e e SO
WK R (A BIF 58 75 HE S5 351 7K 1R PAHSs DUIRSA AL rp 26
h ERLEE .

F 58 X AR 5 R 8 PAHSs S5 A ], 40 A &
BURCR PAHs Z5 4 T R 52 2%, DA 3~4 SR R34 47
HE R R FF PAHs 5 55 38 PAHs 7 & FU(E K M4 rp
fiKo IEUE S5 A AN [F] nT BE 2 R R K AR AR B PAHSs (17
AR VR HE = PR PAHs )2, HL i PR PAHs 19 5 K P 38
58, 5 2 A H (IR PAHSs 78 /K M P A v A B 450 v, e
AP HUKAR R IR PAHS He B #5551, i e I8 FhAIE

R4 EZFEX B GIE RS Ictalurus punctatus X R  tIEKK JKEF 16 PAHs &=

Table 4 Concentrations of 16 species PAHs in Ictalurus punctatus pond water, sediment of different aquaculture areas

21 5] fak Fish/(pg-kg™) HiYE K Pond water/(pug-17") KU Sediment/(pug-kg™)

Group 3 J] March 71 July 10 October 3 J] March 71 July 10 October 3 J1 March 71 July 10 7 October
SY 22.5~27.1 11.8~12.8 42.5~45.5 0.05~0.06  0.030~0.07 0.04~0.07 38.2~89.1 69.0~120.9 36.3~145.0
CD 28.8~41.2 21.3~46.8 49.5~52.9 0.04~0.18 0.17~0.23 0.06~0.07 51.8~73.9 93.6~95.5 64.3~119.6
HL 32.8~39.7 15.2~22.5 56.3~60.0 0.03~0.05 0.03~0.46 0.04~0.36 24.5~125.4 73.3~126.1 48.5~102.5
DX 42.1~44.1 12.0~14.1 52.1~56.2 0.30~0.31 0.11~0.12 0.22~0.24 30.6~33.7 90.5~95.2 45.0~47.4
TL 33.1~34.9 17.7~19.4 43.6~47.3 0.17~0.18 0.04~0.05 0.31~0.32 110.6~114.5 137.3~143.5 70.2~72.3
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Figure 2 Triangle chart of PAHs proportion of different ring

number in letalurus punetaus , pond water, and sediment
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N3G 22 R e Ry F40BE 104
F5 FEFAXMIEKE PAHs B ROxesFA RQuwre.
Table 5 RQxc. and RQuwrc. of PAHs in ponds of main aquaculture area
AR HEAF SY 4 b4 HL 41 TL41 DX 4
PAHs Risk standard value/(ng-L™") SY group CD group HL group TL group DX group
NCs MPCs RQOxe.  RQwee  RQxee  RQwree  ROxee RQweee  RQwvee  RQwee  RQxe.  RQwrc
Nap 12.0 1200 3.53 0.04 2.73 0.03 2.41 0.02 3.85 0.05 2.74 0.03
Acp 0.7 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ace 0.7 70 0.00 0.00 17.70 0.18 1.59 0.02 8.98 0.26 45.69 0.46
Flu 0.7 70 0.00 0.00 0.47 0.00 30.32 0.30 21.60 0.41 41.56 0.42
Phe 3.0 300 4.14 0.04 6.14 0.06 7.16 0.07 13.91 0.25 27.88 0.28
Ant 0.7 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaA 0.1 300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chr 34 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fla 3.0 300 0.00 0.00 0.00 0.00 3.59 0.04 1.99 0.02 0.00 0.00
Pyr 0.7 70 0.00 0.00 15.70 0.16 35.17 0.35 46.09 0.57 45.56 0.46
BbF 0.1 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BkF 0.4 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaP 0.5 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inp 0.4 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DahA 0.5 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BghiP 0.3 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SPAHs — — 7.67 0.00 42.74 0.00 80.24 0.00 96.43 0.00 163.44 0.00
TE/NTAR BRI 0, JCiH 538 —" A AR, I
Note: Less than the detection limit is considered to be 0,and there is no calculated value. “—" means no standard value. The same below.
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31(4):358-367. XUE J. The study on the analysis method for 16
polycyclic aromatic hydrocarbons (PAHs) in environmental samples[J].
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Table 6 Ecological risk assessment of PAHs in surface sediments of ponds in main aquaculture areas (wg-kg™)

A 2 XU BRAEL

4
Ecological risk limit SYALSY group

CD 4 CD group

HL4H HL group TL4H TL group DX 4 DX group

PATls oL gy PRI fﬂ{f G fﬂ]f: S kA fﬁ"{f Sk fﬂ{f G fﬂ]f:
Content range value Content range value Content range value Content range value Content range value

Nap 160 2100  4.68~14.64 9.8l 6.80~15.73  10.70  4.74~22.03  10.81 11.86~17.45 1539 7.60~10.10 8.91
Acp 16 500 0 0 0 0 0 0 0 0 0 0
Ace 44 560 0~8.92 2.23 0~9.04 6.34 0~7.09 3.08 1.29~2450  11.20 0~6.91 2.30
Flu 19 540 0~19.38 11.66 0~15.55 9.21 0~13.23 8.55 1091~15.22 12.60 0~13.17 4.39
Phe 240 1500 10.02~77.37 36.75 14.02~54.89 3276 12.13~62.44 3438 32.74~49.08 40.22 11.63~47.97 25.27
Ant 85 1100 0 0 0 0 0 0 0 0 0 0
BaA 261 1 600 0 0 0 0 0 0 0 0 0 0
Chr 384 2 800 0~1.04 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fla 600 5100 8.94~16.68 13.01 8.27~21.79 13.01 5.04~32.71 13.82 6.95~25.26 14.01 6.61~10.26 8.65
Pyr 665 2 600 7.27~19.54 14.08 7.89~20.13  13.70 0~30.16 12.75  8.54~29.22 16.66  7.84~10.86 9.27
BbF 320 1880 0 0 0 0 0 0 0 0 0 0
BkF 280 1620 0 0 0 0 0 0 0 0 0 0
BaP 430 1 600 0 0 0 0 0 0 0 0 0 0
Inp — — — — — — — — — — — —
DahA 63.4 63.4 0 0 0 0 0 0 0 0 0

BghiP 430 1 600 0 0 0 0 0 0 0 0 0

SPAHs 4022 44792 36.28~145.04 83.09 36.3~145.00 106.90 24.48~126.08 83.38 72.28~143.48 110.09 33.68~95.24 79.30

R EFRAERX PAHs ETF BaP I F M L 2L EBUENK
Table 7 Toxic equivalence and lifelong carcinogenic risk of PAHs based on BaP in main aquaculture areas
T

Group TEQue/(ng-kg™) TEQue/(ng-kg™) 8 carcinogenic PAHs/a™ 8 noncarcinogenic PAHs/a™ LILCR/™
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