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ABSTRACT: Objective To detect the heavy metal and metalloid content in aquatic products from 3 coastal areas
of China, analyze the differences and correlations of heavy metal and metalloid levels among different types of
aquatic products, assess the pollution level and health risks. Methods The content of 14 kinds of heavy metals and
metalloid was determined using inductively coupled plasma mass spectrometry (ICP-MS). Their distribution and
correlations in different aquatic products were analyzed, including the content differences between freshwater fish
and marine fish, as well as pairwise comparisons among 3 sample categories: Fish, crustaceans and other aquatic
products. Furthermore, the single-factor pollution index method, comprehensive pollution index method and target
hazard quotient (THQ) method were employed to evaluate the heavy metal and metalloid pollution levels and health
risks. Results Among the 101 aquatic product samples, cadmium had the highest exceedance rate at 3.96%, while
lead and chromium did not exceed standard limits. Statistically significant differences (P<0.05) were observed in the
content of iron, cobalt, zinc, arsenic, selenium, strontium and cadmium between freshwater and marine fish. The
content of chromium, iron, cobalt, nickel and lead were higher in other aquatic products than in fish and crustaceans.
Significant differences (P<0.05) were found in the content of vanadium, manganese, copper and cadmium among the
3 categories. Pollution evaluation indicated that chromium, arsenic, cadmium and lead were at safe levels, while
health risk assessment revealed higher health risks for chromium, lead, nickel and copper. Correlation analysis
showed strong positive correlations between barium and manganese (7>0.9, P<0.05), barium and iron (+>0.8,
P<0.05), barium and lead (r>0.8, P<0.05), as well as between iron and manganese and lead (r>0.8, P<0.05).
Conclusion The overall heavy metal and metalloid pollution in aquatic products is relatively mild, but cadmium
pollution is notable. Consumption of aquatic products poses certain health risks, necessitating strengthened regulation
and control measures. Furthermore, the accumulation of heavy metals and metalloid is influenced not only by the type
of aquatic product but also closely related to the presence of other heavy metal and metalloid components.
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8800 HLJEHH 5 45 & T B (L (SEE Agilent 2% A]);
Advantage A10 Milli-Q FIZAi/KHL(FERE Merck 24F]); XR
205SM-DR 1+ 75 2 —H F K ¥ (Hi L Precisa A ));
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Labconco 23 fl); GM 200 #3###L(3E [ Evertech 22 Fl).

SFR(E A4, FEE Merck AF]); WS (Ar). (4L

£ 299.999%) . &K (He, 4l =99.999%)(H El) i 4%
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Table 1 Maximum levels of heavy metals and metalloids in aquatic products
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EONESTD) " *.omgx i (SR AR
P/ 1.0 0.5 1.5 0.1 0.5 2.0 2.0 0.1 0.5
(mg/kg)

Forp B 5 AR B A (D5 15 BERBITMEE
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Table 2 Grading standard for heavy metal and
metalloid pollutants

L RUTRCE LEA TG YL
a4 — — — —
15 YL EL V5 YRR 15 YL EL 1YL AR
1 Pi<0.7 LR P,<0.7 Ul
2 0.7<P;<1.0 i 0.7<P,<1.0 Al 2
3 1.0<P,<2.0 REEYE  1.0<P,<2.0 REGY
4 2.0<P;<3.0  EEFY  2.0<P,<3.0 HEEIGY
5 P>3.0 5 Y P>3.0 5 Y

AWFFEAAE S5 E P2 (U.S. Environmental Protection
Agency, USEPA) #2 ! 1) 4 4% f& & &R %% (target hazard
quotient, THQ) AR /K 7= kil X F A A& Y g Bl XU . THQ 115
LUFAS:NE)E

THQ:CXEFXEDXFIR 3)
BW x AT xRFD

K CHERY P ES IR M E4E)R T, mg/kg, EF f#
FARK, 365 d/AE; ED %% #2 4 [ (exposure annual), 70 4F;
AT AR I -1 2% #8 15} 7] (average exposure time),
BONEH # i 70 4Ex365; BW O A MF 35 145 & (body
weight), R T E BREAPRER AR 55.9 kg, JLEN 32.7
kg; FIR N B W ICR, g/d, JLEEUE 8.82, HIAME 20.1;
USEPA #2fLf¢) H 22 5|42 (reference dose, RFD) 4 0.04
mg/kg, #%0.0035 mg/kg, fifl 0.06 mg/kg, 4% 0.001 mg/kg, &
0.02 mg/kg, # 1.5 mg/kg.
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Table 3 Comparative analysis of heavy metal and metalloid concentrations in freshwater and marine fish [M(P25, P75)]

EaJE WRIK A (n=26)/(mg/kg WW) 137K 41 (n=38)/(mg/kg WW) z P
L 0.002(0.001, 0.004) 0.002(0.001, 0.005) -0.357 0.721
& 0.027(0.020, 0.058) 0.035(0.021, 0.072) -0.522 0.601
k& 0.139(0.102, 0.266) 0.115(0.070, 0.217) -1.420 0.156
Bk 5.121(3.507, 9.842) 2.767(1.372, 4.563) —3.428 0.001
&l 0.005(0.002, 0.010) 0.002(0.001, 0.005) —2.626 0.009
i 0.027(0.011, 0.044) 0.019(0.013, 0.051) —0.060 0.952
il 0.236(0.175, 0.284) 0.230(0.124, 0.345) ~0.462 0.644
B 6.567(5.674, 9.406) 4.609(3.392, 6.916) -3.160 0.002
i 0.038(0.013, 0.071) 0.712(0.329, 1.674) —6.294 0.000

0.162(0.104, 0.223) 0.297(0.149, 0.449) —2.290 0.022
£ 0.225(0.132, 0.406) 0.862(0.492, 1.024) —4.566 0.000
i 0.001(0.001, 0.003) 0.003(0.001, 0.005) -2.381 0.017
B/l 0.046(0.026, 0.101) 0.025(0.013, 0.066) ~2.485 0.013
i 0.017(0.005, 0.031) 0.009(0.004, 0.027) -0.825 0.410
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Table 4 Comparative analysis of heavy metal and metalloid concentrations in different categories of aquatic products
[M(P25, P75)] (mg/kg WW)

HEJR 2k 7k oAt 7= S 2
Hl 0.002(0.001, 0.005)" 0.007(0.006, 0.016)" 0.1765(0.041, 0.438)°
% 0.033(0.021, 0.068)* 0.032(0.028, 0.056)" 0.378(0.165, 0.695)"
4 0.126(0.078, 0.238)* 0.319(0.202, 1.851)° 4.990(1.173, 18.933)°
73 3.616(1.936, 5.736)" 3.243(2.015, 4.782) 57.657(17.153, 259.272)°
&k 0.003(0.001, 0.008)" 0.005(0.003, 0.008)" 0.080(0.030, 0.177)°
B 0.020(0.012, 0.046)* 0.026(0.023, 0.049)° 0.241(0.128, 0.539)°
ki 0.234(0.146, 0.298)" 5.467(3.553,9.312)° 1.439(0.866, 6.773)°
23 5.536(4.154, 7.865)" 14.723(9.827, 17.347)° 16.470(11.421, 77.648)°
i 0.231(0.042, 1.001)* 2.134(1.015, 9.130)° 1.310(0.785, 1.914)°
il 0.209(0.119, 0.353)" 0.278(0.242, 0.589)" 0.379(0.225, 0.578)"
7 0.520(0.222, 0.914)" 3.537(2.585, 48.287)" 6.234(2.205, 10.442)
i 0.002(0.001, 0.005)" 0.016(0.009, 0.061)° 0.451(0.070, 1.285)°
kil 0.036(0.017, 0.081)°" 0.097(0.025, 1.177)™ 0.409(0.101, 2.630)"
i 0.014(0.005, 0.028)* 0.008(0.002, 0.027)* 0.125(0.059, 0.252)°

T 4 AR P RoR 22 5 A G727 B L (P<0.05).
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Table 5 Assessment of pollution indices for heavy metals and metalloids in aquatic products

Ak ISR ROE LT WHER a5 e i
Py Py Py Py P, s
(RS 0.300 0.043 0.048 0.072 0.247 Ak
CPE S 0.300 0.020 0.032 0.180 0.190 P4
HAZEFE 2 AR K, W) 0.134 0.173 0.106 0.299 0.207 WA
#6 KERPHNPESERESBIEBENKE
Table 6 Non-cancer risk of heavy metals and metalloids in aquatic products
% THQ JL# THQ AL
02 HFek Atk e SES At
& 0.015 0.007 0.062 0.021 0.010 0.083
i 0.135 0.674 0.288 0.180 0.899 0.402
] 1.942 24.275 161.026 2.589 32.361 214.664
1 1.865 1.233 12.716 2.486 1.644 16.951
B 0.607 0.593 3.533 0.809 0.791 4.710
i 2.461 44.626 32.171 3.281 59.491 42.888

JEICE SR . BRI YN E SR KR
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WA 25 R SRR S REE, 38 Sl i i A A
RGN, BUE G R MG RAEE TR 2R P B R,
Lt THRART 2 (LA A\ 28 i U i Y T4 8 I R
A g

25 KERFEERRAERESENEXMIN

i Spearman %% £ F £ & S 25 4 J@ 1A 7 AH G2
S0, SR 1 B @ BT B TR Z Y
AL BT 9T R, BRI (7>0.9, P<0.05), PLFI4ELG>0.8,
P<0.05), BUHIEL(>0.8, P<0.05) [AAE1E BFHRIIEADE, FA
. B5(>0.8, P<0.05)Z A7 AE i IEADC, HARM LRI
SIRTEMEZBIEMXKR, EHIERBN.
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