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Pollution status and safety assessment of heavy metals in natural fish, shrimp, and shellfish from Pearl River

waterway

XIE Wen—ping, MA Li-sha, ZHENG Guang-ming’, LIU Shu-gui

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

Abstract: In order to comprehensively evaluate residual, ecological, and edible health risks of natural aquatic products caused by heavy
metals in the Pearl River waterway, the concentrations of heavy metals in fish, shrimp, and shellfish were determined. The extent of pollu-
tion carcinogenic and non—carcinogenic risks of aquatic products were evaluated by single factor pollution index (P;), comprehensive pollu-
tion index (MPI), and various health risk assessment models. The results showed the following concentration ranges (means) of heavy met-
als in aquatic products in fresh weight: Cr 0.031~0.264(0.131) mg - kg™, Ni 0.077~0.742(0.170) mg - kg™, Cu 0.199~22.575(2.318 ) mg
kg™, Zn 3.422~36.764(7.939)mg - kg, As 0.112~4.192(0.339) mg - kg ™', Cd 0.004~1.269(0.095) mg- kg™, Hg 0.012~0.048 (0.026) mg -
kg™, Pb 0.028~0.253(0.096 )mg - kg™'. Compared with different aquatic products, the metal concentrations in fish and shrimp samples were
within the quality safety limits, but the As and Cd concentrations of shellfish slightly exceeded the corresponding limits. The single factor
pollution index of the extent of heavy metal pollution of aquatic products was in the order Cd>As>Pb>Hg>Cr>Zn>Cu. The MPI values
showed that the degree of pollution of different aquatic products was shellfish (1.038)>shrimp(0.353)>fish(0.101~0.292). The heavy met-
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al residues in different fishes were mainly attributed to their different feeding habits, living environment, and accumulation ability to specif-

ic heavy metals. In health risk assessment, the order of TTHQ (Total target hazard quotient) of aquatic products was as follows : shellfish>

shrimps>Eleotridae>catfish>crucians>Culter alburnus>perch>mrigal carp>carp>sharpbelly>tilapia>silver carp>Gungdong bream>dace>

grass carp>Barbel chub>bighead fish. The TTHQ of complex heavy metals was more than 1,and the contribution rate of As was the highest

with an average contribution rate of 51.7%. Thus, there is a certain risk of carcinogenesis associated with edible shellfish.

Keywords: Pearl River Delta; aquatic products; heavy metal; health risk assessment
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Table 1 The species and parameters of aquatic samples collected from the Pearl River estuarine network

H AR Biological parameters

FIR Species R Number {41 Body length/em VR TBE Body weight (FW )/

4% 2% (Hemiculter leucisculus) 4~6 8~16 19~28
I~ 2R 15 (Megalobrama hoffmanni) 4~6 29~36 283~610
fififf1 (Lateolabrax japonicus) 4~6 28~33 248~317

1% ¢4 ( Cirrhinus molitoreella ) 4~6 13~18 23~28
i #1 (Aristichy nobilis) 4~6 20~22 138~155
SUYE 2180 (Erythroculter ilishaeformis) 4~6 22~26 327~388
fi 411 ( Hypophthalmichthys molitrix ) 4~6 31~33 733~982
IR (Squaliobarbus curriculus) 4~6 31~35 193~323
B A1 (Oreochromis mossambicus) 4~6 18~21 193~213
¢4 ( Cyprinus carpio) 4~6 26~32 578~706
F BN 4 (Cirrhinus mrigala) 4~6 27~38 247~525
i ( Eleotris oxycephala) 4~6 35~42 955~1227
Fi 411 ( Crenopharyngodon idellus) 4~6 35~38 800~850
514 ( Clarias fuscus) 4~6 34~39 792~938
ffl#1 ( Carassius carpio) 4~6 29~33 532~589
R (Macrobranchium nipponense ) 15 5~8 8.20~14.4

VTR ( Corbicula fluminea ) 30 2~3 —
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Table 2 Average heavy metal concentrations in muscle of different aquatic products from Pearl River waterway (mg-kg™, fresh weight)

Fli % Species Cr Ni Cu 7n As Cd Hg Ph

& 2% (Hemiculter leucisculus ) 0.170+£0.076 ~ 0.129+0.078 0.373+0.112  5.426+1.869 0.283+0.173 0.006+0.008 0.012+0.012  0.070+0.039
I Z: 85 (Megalobrama hoffmanni) 0.074+0.026  0.078+0.041 0.298+0.119  4.284+1.478 0.234+0.143 0.010+£0.008  0.023+0.008  0.052+0.045
fi7i £ ( Lateolabrax japonicus ) 0.163£0.056  0.119+0.104 0.315£0.169  5.883+2.135 0.2110.181 0.013£0.010  0.057+0.020  0.169+0.108
1544 Cirrhinus molitoreella ) 0.070+£0.022  0.101+0.089 0.306£0.260  5.810+5.701 0.202+0.127 0.020+£0.018  0.017+0.007  0.092+0.083
fifi £ (Aristichy nobilis) 0.136+0.055  0.117+0.064 0.491+0.273  5.379+1.796 0.127+0.065 0.003+0.001  0.021+0.005  0.126+0.123
S LT 0 (Erythroculter ilishaeformis) — 0.157+0.038  0.201x0.114 0.618+0.183  3.599+2.371 0.291+0.247 0.036+£0.011  0.031+0.008  0.023+0.068
i1 (Hypophthalmichthys molitrix) — 0.106+0.054  0.082+0.022 0.339+0.099  4.145+1.494 0.223+0.151 0.009+0.007  0.024+0.022  0.123+0.075
BRI (Squaliobarbus curriculus) 0.080+£0.036  0.096+0.059 0.295+£0.105  4.258+1.123 0.167+0.125 0.013£0.007  0.025+0.016  0.062+0.040
B4 (Oreochromis mossambicus) — 0.079£0.029  0.112+0.076 0.284+0.182  6.711+4.219 0.245+0.149 0.004+0.001  0.022+0.010  0.030+0.017
$ifE ( Cyprinus carpio) 0.124+0.065  0.068+0.016 0.444+0.174  7.300+2.892 0.268+0.208 0.013+0.019  0.024+0.015  0.059+0.062
HE B AL 8 ( Cirrhinus mrigala) — 0.099£0.022  0.096+0.012 0.440+0.089  5.302+1.048 0.295+0.148 0.005+0.004  0.026+0.003  0.076+0.016
8 ( Eleotris oxycephala ) 0.152+0.041  0.348+0.175 1.209+0.576  9.050+3.279 0.378+0.151 0.031+0.021  0.031+0.012  0.253+0.133
H41 ( Ctenopharyngodon idellus) 0.123+0.056  0.076+0.191 0.289+0.630  3.794+3.182 0.187+0.140 0.013£0.025  0.023+0.019  0.079+0.098
1848 ( Clarias fuscus) 0.160+0.061  0.139+0.080 0.538+0.230  9.507+3.062 0.376+0.144 0.017+0.004  0.048+0.019  0.060+0.109
#1411 ( Carassius carpio) 0.086+0.038  0.211+0.114 0.447+0.183  6.773+2.371 0.420+0.247 0.013+0.011  0.024+0.008  0.096+0.068
WN(Macrobranchium nipponense) 0.168+0.093  0.208+0.125 10.539+3.784  11.580+3.545 0.487+0.217 0.206+0.331  0.012+0.006  0.047+0.022
WL Corbicula fluminea) 0.284+0.151  0.703+0.255 22.175+8.225  36.160+16.501 1.365+0.837 1.209+1.277  0.023+0.009  0.222+0.108

A4 Mean 0.131 0.170 2.318 7.939 0.339 0.095 0.026 0.096

KA Maximum values 0.264 0.742 22.575 36.764 4.192 1.269 0.048 0.253

F/IME Minimum values 0.031 0.077 0.199 3.422 0.112 0.004 0.012 0.028
PEMFRE Evaluation criterion 2.0 — 50 — 0.5(f12%) 0.1(f%%) 0.5 0.5(£62%)
LOCIIZE, HIFE2) 0.5(H15E%) LO(IE)

LO(II28)

TR (CB 2762—2017 114 & [F SR £l H 5 Y WIBR A .
Note : Evaluation criterion is National Food Safety Standards : Limits of Contaminants in Foods(GB 2762—2017).
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Figure 3 Carcinogenic risk assessment of heavy metals

in aquatic products
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Table 3 Target hazard quotients of heavy metals in aquatic products from Pear]l River waterway

FIZE Species Cr/x107 Mn Ni Cu Zn As Cd Hg Ph TTHQ

45 4% (Hemiculter leucisculus) 0.144 0.045  0.082  0.118  0.023 1316  0.008  0.167  0.024 1.886

I 4455 (Megalobrama hoffmanni) 0.062 0.025  0.049  0.094  0.018 1.088  0.014  0.321 0.018 1.700
fifi44 ( Lateolabrax japonicus) 0.138 0.024  0.075  0.100  0.025 0981 0018 0795  0.059  2.163

1% #41 ( Cirrhinus molitoreella ) 0.059 0.039  0.064  0.097 0025 0940  0.028 0237 0032  1.617

6§ #41 (Aristichy nobilis) 0.115 0.048  0.074  0.155  0.023 0391  0.004 0293  0.044  1.405
SUWE LT 801 Erythroculter ilishaeformis ) 0.133 0.013  0.127  0.196  0.015 1353 0.050  0.433  0.008 2550
5% £0 (Hypophthalmichthys molitrix ) 0.090 0.051  0.052  0.107 0017  1.037 0013 0335  0.043 1.803
MRS (Squaliobarbus curriculus) 0.068 0.019  0.061 0093 0018 0777  0.018 0349  0.022  1.441
B 41 (Oreochromis mossambicus) 0.067 0.025  0.071 0090 0028 1140  0.006 0307 0010  1.761
it ( Cyprinus carpio) 0.105 0.023  0.043  0.141  0.031 1247 0018 0335  0.021 1.925
FHNBL% 0 (Cirrhinus mrigala) 0.084 0.030  0.061  0.139 0022 1372  0.007 0363  0.027  2.092
1 ( Eleotris oxycephala) 0.128 0224 0220 038 0038 1758  0.043 0433  0.088  3.491
Fi 41 ( Crenopharyngodon idellus) 0.104 0.015 0048 0092 0016 0870  0.018 0321  0.028 1.538
%441 (Clarias fuscus) 0.135 0.031  0.088  0.170  0.040  1.749  0.024  0.670  0.021  2.966

1461 ( Carassius carpio) 0.073 0.072  0.134  0.142 0029 1953 0018 0335 0033 2906

IR (Macrobranchium nipponense) 0.142 0.059  0.132 3337 0049 2265 0287 0167 0016  6.487
VTR ( Corbicula fluminea ) 0.240 0.434 0.445 7.021 0.153 6.349 1.687 0.321 0.077  16.910
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