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Determination and analysis of elements and petroleum hydrocarbon in
seafood caught from Qingdao coastal waters
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ABSTRACT: Objective To investigate the safety and nutrition of seafood caught from Qingdao coastal waters
through a systematic determination and analysis. Methods The concentrations of heavy metals, rare earth elements
(REEs) and petroleum hydrocarbon in seafood caught from Qingdao coastal waters were determined and
systematically analyzed, and the safety assessment was also conducted. Results The results showed that seafood
were enriched with beneficial macro elements and trace elements, and they could be regarded as good sources of
dietary supplementing of the minerals and nutrition. The total content of rare earth elements ranged from 6.02 to
232.27 pg/kg, and was higher in crustaceans than in fish. The results also found that the contents of heavy metals and
petroleum hydrocarbon in fish were far below the standard limits, while the concentrations of Cd and petroleum
hydrocarbon in some samples of Portunus trituberculatus and Oratosquilla oratoria exceeded the standard limits.
Conclusion The speciation analysis of harmful elements in seafood is needed for a more accurate risk assessment.
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Table 2 Macro elements concentrations in nine kinds of seafood (mg/g, wet weight, n=3)

K Ca Na Mg P
4.014£0.405" 1.89+1.77% 1.24+0.657° 0.426+0.0907* 3.09+0.898°
2.96+0.415% 1.98+0.913% 1.44+0.382° 0.365+0.0659° 2.56+0.854

e e 3.27+0.405° 0.134+0.859° 1.49+0.344° 0.285+0.0754° 1.81+0.221°
3.01+0.201% 3.09+0.781% 1.86+0.667° 0.471+0.0873" 2.02+0.878%
2.81+0.812% 2.45+0.951% 1.23+0.563° 0.390+0.0294 1.38+0.311°
2.94+0.494% 2.70+1.41% 1.42+0.470° 0.414+0.0635% 1.49+0.270°
2.79+0.429% 0.896+0.233° 1.78+1.41° 0.429+0.0587%° 1.88+0.684°
2.55+0.481° 0.923+0.188° 3.38+0.585" 0.458+0.0674° 2.96+0.610"
2.92+0.369" 1.34+0.832° 3.67+0.864" 0.442+0.0697" 2.26+0.443%

(P>0.05); , (P<0.05)
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Table 3 Beneficial trace elements concentrations in nine kinds of seafood (mg/kg, wet weight, n=3)

Fe Mn Cu Zn Sr
13.0+5.42% 0.953+0.958* 0.150+0.0900°¢ 4.45+1.99% 5.04+4.30°
9.78+3.63° 3.10+2.27% 0.214+0.141% 5.23+1.39° 9.72+6.14%

gz i 3.2542.52¢ 0.265+0.146 0.122+0.050% 2.69+0.584¢ 0.619£0.521°
17.9+4.15 1.33+0.270° 0.234+0.0516° 5.02+0.739° 12.543.26
12.9+£4.22% 1.30+£0.917® 0.120+0.0374¢ 6.20+1.86% 10.5+£4.37%
14.7+5.39% 0.886+0.310% 0.198+0.0402% 4.87+0.768° 10.3+5.03%
17.746.90° 1.00+0.391° 3.72+0.966° 9.52+1.87° 8.2443.42%
8.49+2.65" 0.968+0.233° 20.843.57° 17.3+1.58° 9.74+4.20™
17.0+4.94% 2.04+1.12% 5.70+£3.57° 17.743.43° 15.5+13.7%
1 (P>0.05); , (P<0.05)
x4 IMKFERPEEMETESE(mg/ke, RE, n=3)
Table 4 Harmful trace elements concentrations in nine kinds of seafood (mg/kg, wet weight, n=3)
Cr Al As Pb Cd
— 0.10
2.00 _ = 0.50 « )
0.1) 0.50( )
0.011+0.057 1.5+0.51 1.3£0.72 0.020+0.016 0.0045+0.0026
0.089+0.095 1.4+0.39 2.4+1.4 0.0094:£0.0081 0.0083+0.0047
iz ik 0.053+0.047 0.78+2.3 4.8+1.9 0.0017+0.0033 0.00090+0.0011
0.041£0.075 2.9+0.76 1.940.21 0.0045+0.036 0.0044+0.0013
0.023+0.032 0.34+0.060 1.6+0.53 0.042+0.025 0.0054+0.0027
0.0040+0.0090 0.35+0.28 1.7+0.39 0.024+0.022 0.0050+0.0027
0.10£0.057 1245.6 3.122.9 0.011+0.0056 0.030+0.045
0.078+0.066 2.7+1.9 14+1.5 0.024+0.031 2.7+0.62
0.1240.088 8.9+5.1 3.943.9 0.0080+0.0028 1.8+0.48
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Table S Rare earth elements concentrations in nine kinds of seafood (ng/kg, wet weight, n=3)

et

Y 1.37+1.35 9.9245.39 0.595+0.426 15.3£2.53 12.6+3.82 1.56+0.540 2.4440.670 0.350+0.260  0.340+0.360
La 2.1942.18 19.3+11.3 1.64+1.92 32.5£9.56 28.5+10.4 2.60+0.910 5.16+£2.54 0.500+£0.260  0.430+0.350
Ce 12.449.90 40.6+23.9 7.9446.71 57.0£18.4 38.1+18.9 8.95+3.50 13.4+6.60 1.34+1.14 3.5441.45
Pr  0.472+0.500 4.4442.60 0.378+0.387 5.89+1.93 3.85£1.76 0.560+0.180 1.27+0.610 0.130+0.060  0.110+0.0700
Nd 1.92+1.77 17.249.90 1.42+1.50 23.7+7.02 14.6+7.23 2.15+0.740 4.62+2.15 0.570+£0.280  0.360+0.320
Sc 113£53.2 78.4459.7 118+26.3 82.4+15.1 84.1£20.5 75.2424.6 32.6+45.1 2.09+1.48 3.33+1.72
Sm  0.392+0.415 3.42+1.82 0.221+0.248 4.2240.860 2.58+1.09 0.530+0.180 1.05+0.290 0.430+0.210  0.330+0.150
Eu  0.120+0.130  0.770+0.373  0.0496+0.0609 0.940+0.190  0.540+0.170 ~ 0.170£0.0900  0.390+0.150 ~ 0.270+0.160  0.200+0.100
Gd  0.422+0.348 3.58+1.72 0.257+0.204 4.43+0.780 3.18+1.26 0.490+0.130 1.11+0.320  0.220+0.0900 0.300+0.0800
Tb 0.0490+0.0550 0.33740.292  0.0260+0.0246  0.490+0.120  0.340+0.140  0.0500+0.0300 0.0400-+0.0700 ND ND

Dy 0.268+0.260 2.07+1.15 0.126+0.126 2.49+0.540 1.73£0.670  0.280+0.0900  0.480+£0.170  0.0600+0.0200 0.0500+0.0500
Ho 0.0470+£0.0380 0.358+0.204  0.0262+0.0159  0.450+£0.110  0.320+0.140  0.0600+0.0300 0.0800+0.0300 0.0100+0.0100 ND

Er 0.201+0.0760  1.03+0.533  0.0920+0.0690  1.23+0.350  0.910+0.440  0.210+0.0900  0.280+0.0900 0.0400-0.0100 0.0300+0.0300
Tm 0.0180+0.0130 0.130+0.0714  0.0850+0.0690  0.160+£0.040  0.100+0.0400 0.0200:+0.0100 0.0300+0.0100 0.0100+0.000 ND

Yb  0.114+0.0880 0.760+0.409  0.0561+0.0235 0.970+0.250  0.580+0.240  0.140+0.0500  0.180+0.0500 0.0200::0.0200 0.0100+0.0200
Lu 0.0180+0.0150 0.106+0.0655 0.0103+£0.00640 0.140+0.030 0.0900+0.0400 0.0200+0.0100 0.0200+0.0100 ND ND

133 182 132 232 192 93.0 63.2 6.08 9.60

F6 9MBHEKTRPAMESEmyke, BE, n=3)

Table 6 Petroleum hydrocarbon concentrations in nine kinds of seafood (mg/kg, wet weight, n=3)

fige fie

3.92+1.52 5.80+4.00 3.75+3.41 12.248.17 8.97+4.61 4.58+3.39 2.67+2.87 2.17+2.33 1.00+1.37
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