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Concentration and risk assessment of heavy metals in aquatic products collected from Taiwan shallow fishery
DU Bing*?, SUN Lu-min**", HAO Wen-bo?, LIANG Xiao-ping?, LUO Xia?, XUE Cheng*

(1.Key Laboratory of Estuarine Ecological Security and Environmental Health (Xiamen University Tan Kah Kee College ), Fujian Province
University, Zhangzhou 363105, China; 2.State Key Laboratory of Marine Environmental Science( Xiamen University ), Xiamen 361005, China)
Abstract: A total of 165 samples including 59 species of typical aquatic products collected from the Taiwan shallow fishery was analyzed —
with atomic fluorescence spectrometer (AFS) for Hg and inductively coupled plasma-mass spectrometer (ICP-MS) for Cr, Cu, Zn, Cd and
Pb. Pollution level, consumer safety and health risk of the aquatic products were evaluated with single factor pollution index (P;), heavy met-
al pollution index(MP1), provisional tolerable weekly intake (PTWI) and food health risk index(R;a). The results indicated that except for
Cd, the heavy metal concentrations were lowered than the prescript values set by the national standard for aquatic products (GB
18406.4—2001 ). P; results showed that about 17.9%, 1.8% and 3.7% samples were slightly polluted with Cr, Cu and Zn, respectively; more
than 0.6% and 1.9% samples reached or exceeded the values of “moderate pollution” set for Hg and Pb, and more than 5.6% samples were
at the level of “heavy pollution” for Cd. MPI results indicated that relatively high Xs values were observed on benthic and related fishes.
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Overall, the X,p values of the aquatic products were at a low level. Analysis with PTWI showed that Hg, Cu, Zn and Pb were at low or none

risk level. However, concentrations of Cd in 3.6% samples and Cr in 30.3% samples had exceeded the recommended threshold values. As—

sessment with health risk model suggested that the pollutant concentrations did not exceed the recommended maximum acceptable levels set

by International Commission on Radiological Protection (ICRP ). Although no obvious pollution safety problems were found in the aquatic

products of Taiwan shallow fishery, potential risks of Cr and Cd still call for continual monitoring and further attention.

Keywords:aquatic product; heavy metal; risk assessment
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Figure 1 Sampling fishery of aquatic products
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Table 1 Maximum levels of heavy metals in aquatic products
H 4 )& Heavy metal

FR{E Maximum level/mg-kg™

Hg 0.3%
Cr 2ua

Cu 5014
Zn 1501
Cd 0.1%8
Pb 0.504
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Table 2 Weekly tolerable intake levels of heavy metals in
aquatic products

H 4 )& Heavy metal PTWI/mg-kg™* PTWI( A Adult)/mg
Hg 0.005% 0.35
Cr 0.006 74 0.469
Cu 3.50 245
Zn 7.0 490
Cd 0.007® 0.49
Pb 0.025 1.75
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Table 3 Carcinogenic potency index of heavy metals in aquatic
products by eating way and reference dose

T 4:J& Heavy metal Qi/kg-d-mg R/Dy/mg-kg-d"
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Pb 0.008 5% 1.4x10°%
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Table 4 Heavy metal contents in different aquatic products from targeted fishery
NREFA Hg Cr Cu Zn cd Pb
R R MU B A&LIBEATE Chiloscyllium — 0.107~0.112  0.141~0.225  0.271~1.398  2.662~13.53  0.006~0.022  0.041~0.252
Chondrichthyes plagiosum(n=3) (0.111) (0.163) (0.304) (4.135) (0.008) (0.095)
HEHKER 0.006~0.036  0.147~0.585  0.370~1.199  2.999~8.809  0.004~0.008  0.050~0.073
Mustelus griseus(n=2) (0.021) (0.366) (0.785) (5.904) (0.006) (0.062)
R | J B X 0.035 0.186 10.57 43.56 0.184 0.068
Malacostraca Penaeus monodon(n=1) (0.035) (0.186) (10.57) (43.56) (0.184) (0.068)
T2 H B 0.021~0.061  0.018~0.077  0.587~4.239  11.47~14.44  0.017~0.225  0.014~0.150
Charybdis feriata(n=2) (0.041) (0.047) (2.413) (12.95) (0.121) (0.082)
+ 2 B R AR 0.047 0.193 7.373 37.11 0.027 0.051
Palaemon carincauda(n=1) (0.047) (0.193) (7.373) (37.11) (0.027) (0.051)
/2 B HAXTHF 0.009 0.047 1.584 11.56 0.038 0.062
Marsupenaeus japonicus(n=1) (0.009) (0.047) (1.584) (11.56) (0.038) (0.062)
FEH = 1 0.014 0.042 6.859 16.69 0.162 0.079
Portunus trituberculatus(n=1) (0.014) (0.042) (6.859) (16.69) (0.162) (0.079)
KR J\Jpi B 55 £ 0.005~0.014  0.080~0.342  7.298~13.92  25.89~32.09  0.075~0.307  0.177~0.207
Cephalopoda Octopus vulgaris(n=2) (0.010) (0.211) (10.61) (28.99) (0.191) (0.192)
K B M 0.002 0.097 2612 10.82 0.035 0.026
Loligo chinensis(n=1) (0.002) (0.097) (2.612) (10.82) (0.035) (0.026)
5% H H S0 0.012~0.019  0.072~0.187  2.325~14.47  8.064~23.66  0.014~0.233  0.040~0.132
Sepia aculeata(n=2) (0.016) (0.129) (8.400) (15.85) (0.123) (0.086)
fifi Bt 2 k1564 Bk Skfa 0.007~0.039  0.034~0.548  0.104~0.886  3.293~13.76  0.005~0.111  0.018~0.140
Osteichthyes Harpadon nehereus(n=6) (0.016) (0.182) (0.566) (9.813) (0.011) (0.065)
Y75t B Rz GGt 0.007~0.102  0.207~0.236  0.194~5.715  2.746~15.01  0.005~0.280  0.021~0.038
Johnius belangerii(n=2) (0.054) (0.221) (2.954) (8.877) (0.142) (0.029)
[2SjASPN o ] 0.019 0.028 0.157 2.823 0.002 0.037
Cynoglossus macrolepidotus(n=1) (0.019) (0.028) (0.157) (2.823) (0.002) (0.037)
SIS 0.028~0.037  0.116~0.351  0.189~1.299  6.458~37.18  0.008~0.013  0.216~0.462
Cynoglossus robutus(n=2) (0.033) (0.234) (0.744) (21.82) (0.010) (0.339)
e B &/ N T 0.009~0.023  0.023~0.449  0.146~2.433  2.862~12.83  0.000~0.024  0.006~0.229
Sardinella aurita(n=4) (0.021) (0.118) (1.242) (6.640) (0.003) (0.065)
g fie [ gt 0.013~0.054  0.087~0.228  0.298~0.862  2.788~18.79  0.000~0.018  0.015~0.179
Bruguiera sexangula(n=4) (0.014) (0.161) (0.520) (6.385) (0.006) (0.043)
WA H BERAE 0.011~0.033  0.254~0.603  0.264~0.366  6.532~6.656  0.005~0.014  0.016~0.078
Strongylura strongylura(n=2) (0.022) (0.428) (0.315) (6.594) (0.009) (0.047)
w9 H (a5 fa 0.013~0.034  0.029~0.033  0.160~0.172  2.770~4.656  0.000~0.001  0.005~0.009
Trichiurus lepturus(n=2) (0.024) (0.031) (0.166) (3.713) (0.001) (0.007)
9% B (i 0.037 0.021 0.126 2.541 0.002 0.008
Argyrosomus argentatus(n=1) (0.037) (0.021) (0.126) (2.541) (0.002) (0.008)
B9E H il 65 0.002~0.036  0.048~0.508  0.046~8.292  0.656~23.45  0.002~0.458  0.009~0.076
Psenopsis anomala(n=6) (0.013) (0.268) (0.489) (6.344) (0.006) (0.033)
i H K fa 0.009 0.020 0.312 2.738 0.003 0.008
Larimichthys crocea(n=1) (0.009) (0.020) (0.312) (2.738) (0.003) (0.008)
5T B fa 0.005~0.240  0.026~0.847  0.062~1.119  1.472~35.61  0.001~0.145  0.006~0.195
Trichiurus lepturus(n=5) (0.024) (0.436) (0.465) (5.432) (0.010) (0.058)
9% H e R K IR 0.011~0.200  0.056~0.081  0.205~0.529  4.525~10.60  0.006~0.030  0.059~0.080
Priacanthus macracanthus(n=2) (0.016) (0.068) (0.367) (7.560) (0.018) (0.070)
% 5 A ol 0.000~0.040  0.036~0.829  0.135~0.923  0.862~12.89  0.003~0.086  0.021~0.193
Paerargyrops edita(n=7) (0.016) (0.267) (0.216) (6.252) (0.011) (0.047)
e A 0.033~0.175  0.051~0.116  0.245~0.694  2.591~9.185  0.009~0.103  0.004~0.094
Decapterus lajang(n=3) (0.061) (0.096) (0.257) (2.733) (0.071) (0.012)
ISIASE i) 0.010~0.024  0.009~0.279  0.085~3.882  1.825~26.02  0.001~0.083  0.010~0.170
Siganus fuscessens(n=4) (0.011) (0.129) (0.550) (11.15) (0.023) (0.075)
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gk 4 BRRREHKTRESBEESE(mg-kg?)
Continued to table 4 Heavy metal contents in different aquatic products from targeted fishery

NHRERZ Hg cr Cu Zn cd Pb
i £ 4 S ASEAN At 0.005 0.064 0.113 2.753 0.002 0.005
Osteichthyes Lutjanus erythopterus(n=1) (0.005) (0.064) (0.113) (2.753) (0.002) (0.005)
5T B i 0.014~0.050  0.064~0.804  0.167~0.618  2.599~14.90  0.009~0.054  0.051~0.126
Nibea albiflora(n=4) (0.035) (0.354) (0.415) (4.911) (0.012) (0.085)
ISIAEYR 1| 0.012~0.029  0.236~0.557  0.387~3.429  5.983~20.25 0.007~0.114  0.057~0.127
Sparus berda(n=2) (0.021) (0.396) (1.908) (13.12) (0.060) (0.092)
#5I% H 61 fa 0.038~0.057  0.061~0.235  0.143~5.318  3.997~13.01  0.014~0.032  0.008~0.014
Xiphias gladius(n=2) (0.047) (0.148) (2.730) (8.504) (0.023) (0.011)
ISIASE Y %) 0.013~0.059  0.026~0.165  0.134~1.004 3.766~11.35  0.004~0.025  0.015~0.359
Nemipterus virgatus(n=3) (0.024) (0.119) (0.421) (9.769) (0.017) (0.017)
#47E B il 4 0.004~0.163  0.048~0.320  0.176~1.145 3.375~26.01  0.001~0.016  0.018~0.087
Therapon theraps(n=4) (0.056) (0.266) (0.265) (5.593) (0.002) (0.032)
SIAERARZ; 0.003~0.076  0.065~0.931  0.345~7.270  3.800~29.19  0.005~0.440  0.010~0.187
Decapterus maruadsi(n=8) (0.017) (0.221) (0.771) (10.13) (0.085) (0.035)
57 H & B 0.008~0.011  0.776~0.942  0.170~1.098  1.487~6.001  0.001~0.031  0.058~0.073
Epinephelus fuscoguttatus(n=2) (0.010) (0.859) (0.634) (3.744) (0.016) (0.065)
AN = 0.005~0.025  0.037~0.045 0.208~0.518  4.285~10.85  0.001~0.005  0.018~0.091
Trachinotus ovatus(n=2) (0.015) (0.041) (0.363) (7.565) (0.003) (0.054)
i B T fa 0.002~0.008  0.199~0.666  0.065~0.342  1.505~7.432  0.001~0.040  0.014~0.078
Scomberomorus niphonius(n=3) (0.002) (0.302) (0.076) (1.674) (0.002) (0.070)
I B LRI # 0.162 0.101 0.100 4706 0.010 0.382
Benthosema pterotum(n=1) (0.162) (0.101) (0.100) (4.706) (0.010) (0.382)
I H & G Bt 0.031~0.458  0.076~0.223  0.108~1.116  6.536~7.449  0.006~0.045  0.035~0.053
Epinephelus awoara(n=2) (0.244) (0.150) (0.612) (6.993) (0.026) (0.044)
(SIASRERNEK 0.043 0.111 0.187 4.696 0.003 0.051
Lateolabrax japonicus(n=1) (0.043) (0.111) (0.187) (4.696) (0.003) (0.051)
6598 H A7 Bt fa 0.011~0.016  0.019~0.025  0.093~0.098  3.234~6.690  0.000~0.002  0.002~0.012
Epinephelussp(n=2) (0.014) (0.022) (0.096) (4.966) (0.001) (0.007)
3% H fin 0.003~0.036  0.007~0.694  0.059~4.869  1.256~22.29  0.000~0.024  0.006~0.060
Pneumatophorus japonicus(n=5) (0.031) (0.032) (0.869) (7.610) (0.009) (0.041)
% H S s dph 0.021~0.097  0.076~0.139  0.140~0.464  3.045~4.279  0.017~0.020  0.020~0.076
Upeneus moluccensis(n=2) (0.059) (0.108) (0.302) (3.662) (0.018) (0.048)
9% H 65 0.008~0.009  0.026~0.035  0.121~0.387  4.355~4.597  0.003~0.012  0.008~0.018
Formio niger(n=2) (0.008) (0.030) (0.254) (4.476) (0.007 2) (0.013)
3% H A E 0.006~0.039  0.016~0.340  0.101~4.686  2.737~22.43  0.001~0.031  0.014~0.234
Pampus argenteus(n=5) (0.022) (0.234) (0.266) (8.715) (0.005) (0.088)
% H4R L Jrfa 0.001~0.144  0.045~0.398  0.087~0.160  1.801~2.300  0.001~0.004  0.001~0.045
Branchiostegus argentatus(n=3) (0.046) (0.046) (0.090) (2.173) (0.003) (0.005)
g H PU4g i 0.018~0.029  0.068~0.108  1.333~2.041  9.285~11.45  0.032~0.032  0.172~0.319
Eleutheronema tetradactylum(n=2) (0.024) (0.088) (1.687) (10.37) (0.032) (0.246)
453 i 36 41 0.013~0.051  0.110~0.516  0.098~0.391  3.575~11.97  0.003~0.051  0.020~0.176
Muraenesox cinereus(n=5) (0.027) (0.199) (0.212) (4.389) (0.017) (0.052)
53 i [ 4. 068 B 0.084~0.147  0.086~0.293  0.168~3.069  7.750~17.89  0.012~0.226  0.014~0.027
Anguilla marmorata(n=2) (0.115) (0.190) (1.619) (12.82) (0.119) (0.020)
[ASIASE: ¢ ki) 0.015~0.022  0.044~0.111  0.177~0.226  3.119~4.267  0.002~0.049  0.007~0.025
Pelteobagrus fulvidraco(n=2) (0.019) (0.077) (0.202) (3.393) (0.026) (0.016)
[eSIASE T 0.006~0.013  0.019~0.673  0.271~0.776  2.889~15.37  0.004~0.089  0.011~0.100
Plotosus lineatus(n=4) (0.009) (0.217) (0.447) (8.129) (0.011) (0.078)
fili FE H R 20 4y il 0.005~0.127  0.053~0.688  0.103~0.810  1.941~19.90  0.004~0.029  0.020~0.070
Takifugu oblongus(n=6) (0.012) (0.315) (0.432) (6.333) (0.006) (0.046)
Sl H R 6 T i ff 0.011~0.030  0.096~0.622  0.192~0.688  2.514~44.24  0.003~0.015  0.019~0.120

Thamnaconus modestus(n=5) (0.015) (0.225) (0.413) (7.465) (0.006) (0.071)
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Continued to table 4 Heavy metal contents in different aquatic products from targeted fishery
S5 Hg Cr Cu Zn cd Pb
111,44 3% H vy i 0.025~0.042  0.030~0.140  0.108~0.181  4.173~4.369  0.002~0.005  0.009~0.045
Osteichthyes Polyodon spathula(n=2) (0.034) (0.085) (0.145) (4.271) (0.004) (0.027)
fily% H 1 LG AL A 0.024~0.099  0.074~0.247  0.113~0.152  3.046~5.083  0.002~0.024  0.014~0.032
Cymbacephalus beauforti(n=3) (0.041) (0.075) (0.121) (4.349) (0.006) (0.020)
PSR AN K 0.046 0.029 0.070 1.516 0.010 0.004
Lepidotrigla micropterus(n=1) (0.046) (0.029) (0.070) (1.516) (0.010) (0.004)
AP 0.073~0.108  0.131~0.346  0.419~0.553  4.201~22.84  0.011~0.270  0.015~0.088
Inimicus japonicus(n=2) (0.091) (0.238) (0.486) (1352) (0.140) (0.051)
B IASEANEEN 0.009~0.012  0.226~0.777  0.230~0.451  4.435~6.774  0.004~0.016  0.029~0.049
Lepidotrigla microptera Giinther(n=2) (0.011) (0.501) (0.344) (5.604) (0.010) (0.039)
fif§ T 1 fiff £ 0.008~0.013  0.227~0.277  0.227~0.670  2.072~5.661  0.002~0.005  0.013~0.111
Mugil cephalus(n=3) (0.009) (0.248) (0.413) (5.406) (0.003) (0.055)
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