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Abstract: We investigated the pollution status of heavy metals in aquatic products and human
exposure and explored the influence of aquatic products consumption on the concentrations of
heavy metals in residents’ hair in Qingdao. A total of 156 aquatic products samples with 19 com—
mon species and 130 human hair samples were collected in Qingdao. The concentrations of Cd

As Pb Cr Cu and Zn in aquatic products and hair samples were measured by ICP-MS. The
median values of Cd As Pb Cr Cu and Zn concentrations in 156 aquatic products samples
were 0.006 1.18 0.015 0.253 2.06 and 11.8 mg * kg™' respectively. The concentrations of
heavy metals varied across different kinds of aquatic products. The averages of Cd concentrations
in scallops and shrimps were 2.45 and 1.14 mg * kg™' respectively with 50% of scallop samples
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(6/12) and 100% of shrimps samples ( 10/10) exceeding China’ s national food safety standard.
The median values of Cd As Pb Cr Cu and Zn concentrations in residents’ hair samples
were 0.0231 0.0518 0.988 0.595 7.81 and 155 mg * kg™ respectively with the exceeding
rates being 0 1.5% 2.3% 6.9% 2.3% and 28.4% compared with national recommended val—
ues for hair heavy metals respectively. The hair Zn concentrations in residents with high frequen—
cy of fish consumption were significantly elevated. The hair Pb As and Zn concentrations
changed significantly with age. The hair As concentration of male was significantly higher than
that of female ( P<0.01) and hair Zn concentration of female was significantly higher than that
of male ( P<0.01) . Our results indicated that the Cd concentrations in scallops and shrimps in
Qingdao were relatively high which should be restricted for consumption. The average Zn con—
centration in oyster was 107 mg * kg™'  which should be limited for consumption. The main influ—
encing factors of heavy metals concentrations in human hair include age gender and the con-
sumption frequency of aquatic products. About 28% of hair Zn concentrations exceeded the
notional recommended value indicating that residents in Qingdao had potential risks of Zn expo—
sure. Our results provide important reference for dietary guidance of aquatic products and risk
control of heavy metal exposure in Qingdao.
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Table 1 Heavy metal concentrations in seafood in Qingdao City (mg * kg™ wet weight)
n Cd As Pb Cr Cu Zn
Category Species Latin name
Redeye mullet Liza haematocheila 6 0.002 3.04 0.004  0.071 0.158 3.19
Fish Flounder Pleuronectiformes 10 0.002 1.01 0.006  0.106  0.151 6.90
Tongue sole Cynoglossus robustus 9 0.003  12.40 0.008  0.253 0.162 3.70
Little yellow croaker  Larimichthys polyactis 13 0.001 2.11 0.002  0.100  0.382 3.02
Spanish mackerel Scomberomorus niphonius 9 0.002 1.24 0.002 0.309 0.508 5.23
Sea bass Perca fluviatilis 10 0.001 0.32 0.002  0.134  0.149 4.26
Turbot Scophthalmus maxims 3 0.002 1.72 0.001 0.077  0.130 3.98
Mean 0.002 1.50 0.003  0.148  0.276 5.01
Scallop Pinna pectinate 12 2.450 1.33 0.025  0.264 2220 60.40
Mollusk Asiatic hard clam Meretrix meretrix 7 0.338 3.50 0.083 0.140 1.090 11.60
Mussel Mytilus edulis 0.508 2.18 0.148  0.372  2.060 24.80
Jellyfish Rhopilema esculenta 11 0.006 0.16 0.031 0.431 0.247 0.73
Clam Venerupis philippinaram 0.234 1.54 0.106 1.230 1.160  11.90
Oyster Ostrea rivularis 7 1.420 1.83 0.169 0.301 33.200 107.00
Octopus Octopus variabilis 11 0.003 6.07 0.035 0.074  3.930 13.20
Squid Loligo japonica 8 0.104 0.48 0.009 0.382 2.320 18.00
Mean 0.165 1.55 0.059  0.304 2470 14.70
Mantis shrimp Squilla oratoria 10 1.140 9.85 0.015  0.171 18.700  18.90
Crustacean Shrimp Trachypenaeus curvirostris 9 0.024 5.65 0.020  0.384 2,930 10.90
Shrimp Acetes chinensis 0.002 0.18 0.018 0.169  5.470 13.30
Shrimp Metapenaeus ensis 7 0.004 0.61 0.003  0.091 3.540 12.30
Mean 0.022 1.58 0.011 0.178 5700  13.50
Mean 0.020 1.54 0.014  0.209 1.260 9.60
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Table 2 Comparison of heavy metal concentrations in aquatic products in different areas
Cd As Pb Cr Cu Zn
Region Reference
Zhanjiang 0.020 - 0.260 - 0.48 15.8 2015
Zhujiang 0.206 - 0.047 0.168 10.50 11.6 2019
Hainan 0.077 - 0.124 0.059 4.25 20.1 Hao et al. 2019
Qinhuangdao 1.130 0.161 0.188 0.107 - - 2020
Guangxi 0.470 0.570 0.030 0.280 4.84 51.6 2019
Fujian 2.940 1.690 0.370 0.530 1.86 30.1 2019
China 0.028 0.802 0.038 0.210 1.34 10.5 2018
Qingdao 0.020 1.540 0.014 0.209 1.26 9.6 This study
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3
Table 3 Comparison of hair heavy metal levels in different areas (mg * kg™)
n Heavy metal concentrations
Region cd As Pb Cr Cu 7n Reference
( ) 199 0.21 0.62 1370 2.65 16.80 197 2018
Contaminated Tianjin ( Sewage Irrigation Area)
area or ( ) 151 2.47 1.26  20.90 - 9.88 393 2016
mining area Nandan ( Lead and zinc mining area)
44 0.33 - 541 12.60 1580 112 Briki et al. 2017
Hezhang ( Abandoned lead and zinc mining area)
Beijing 225  0.07 0.13 1.56  1.56 - - Gang et al. 2017
No pollution Guizhou 100 0.04 - 0.60 0.32 - - 2020
area Shanghai 84  0.11 - 1.64 - 11.40 121 2017
Dalian 102 0.09 0.07 2.89 - - - 2018
Tonglu 190 0.03 0.18 1.11  0.41 873 168  Luoetal. 2014
Qingdao 130 0.02  0.05 1.01  0.45 8.22 162 This study
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4 Cu Logistic
Table 4 Logistic regression analysis of factors on copper concentrations in human hair
n Wald P OR OR 95%
Factors SE X2 OR value OR 95% confidence interval
Lower limit Upper limit
High 58 0.54 5.70 0.02 3.70 1.27 10.80
Fish consumption Middle 55 0.52 0.63 0.42 0.66 0.23 1.84
frequency Low 17 - - - 1 - -
Male 74 0.5 1.20 0.27 0.57 0.21 1.55
Gender Female 56 - - - 1 - -
<18 18 0.89 2.20 0.13 0.26 0.05 1.53
Age 19~44 77 0.77 7.52 0.12 0.11 0.02 0.54
45~59 24 0.81 6.42 0.11 0.13 0.03 0.63
=60 11 - - - 1 - -
Yes 74 0.50 2.05 0.15 0.49 0.18 1.30
Smoking Smoking cessation 14 0.67 0.93 0.33 0.52 0.14 1.95
No 42 - - - 1 - -
No 72 0.45 0.32 0.56 0.77 0.32 1.88
Drinking Yes 58 - - - 1 - -
No 106 0.50 0.66 0.41 1.51 0.56 4.10
Cosmetics Yes 24 - - - 1 - -
Student 26 0.59 0.16 0.58 1.25 0.41 3.82
Occupation Staff 23 0.58 3.91 0.05 3.20 1.01 10.20
Waiter 20 0.59 2.69 0.10 2.63 0.83 8.35
Worker 31 0.53 2.09 0.14 2.16 0.76 6.09
Unemployed 30 - - - 1 - -
5 Zn Logistic
Table 5 Logistic regression analysis of factors on zinc concentrations in human hair
n Wald p OR OR 95%
Factors SE X2 OR value OR 95% confidence interval
Lower limit Upper limit
High 58 0.58 5.57 0.02 3.91 1.26 12.20
Fish consumption Middle 55 0.56 2.85 0.09 2.57 0.86 7.71
frequency Low 17 - - - 1 - -
Male 74 0.52 6.51 0.01 0.26 0.09 0.73
Gender Female 56 - - - 1 - -
<18 18 0.87 0.91 0.34 2.30 0.42 12.70
Age 19~44 77 0.77 2.72 0.10 3.53 0.79 15.80
45~59 24 0.78 0.01 0.94 1.06 0.23 4.88
=60 11 - - - 1 - -
Yes 74 0.51 2.33 0.13 0.46 0.17 1.25
Smoking Smoking cessation 14 0.67 0.16 0.69 1.30 0.35 4.88
No 42 - - - 1 - -
No 72 0.46 0.32 0.57 0.77 0.31 1.90
Drinking Yes 58 - - - 1 - -
No 106 0.55 10.80 0.00 0.16 0.06 0.48
Cosmetics Yes 24 - - - 1 - -
Student 26 0.57 2.86 0.09 0.38 0.12 1.17
Occupation Staff 23 0.61 1.14 0.29 0.52 0.16 1.72
Waiter 20 0.61 0.42 0.52 0.68 0.21 2.21
Worker 31 0.55 1.80 0.18 0.48 0.17 1.40
Unemployed 30 - - - 1 - -
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Fig.2 Hair heavy metal concentrations in different age
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Note: Each box represents interquartile range ( 25th and 75th percen—
tile)  the band near the middle of the box is the 50th percentile ( the me-
dian) the whisker represents 5th and 95th percentile the squares in the

box represent the mean value and the * represents an outlier.
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