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Abstract 
Heavy metal pollution directly affects marine aquaculture such as shrimp farming. 

Heavy metals in the shrimp can be transferred to humans through the food chain. In this 

research, the concentration of heavy metals in the muscle tissue of western white-legged 

shrimp (Litopenaeusvannamei) was determined and the risk for consumers was assessed 

in the Gamishan shrimp breeding station of Golestan province. For this purpose, 30 

samples were analyzed by atomic absorption after drying and chemical digestion. The 

data were analyzed using SPSS software. The different heavy metals were identified in 

shrimp samples, including arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb), iron 

(Fe), copper (Cu), cobalt (Co), chromium (Cr), manganese (Mn), molybdenum (Mo), 

nickel (Ni), tin (Sn) and zinc (Zn). The average amount of As, Cd, Hg and Pb was 0.11-

0.08, 0.01, 0.01 and 0.38-0.14 mg/kg, respectively. Sn and Ni had a lower average than 

other metals. Fe and Cu were the highest level, followed Zn and Mn. Co, Cr and Mo 

were the lowest level. A significant difference was reported between different sites in 

regarding Zn (p < 0.05). The concentration of all heavy metals was according to the 

standard limit (FAO/WHO). Continuous and daily consumption of this product for 

different age groups is not safe in terms of As and there is a risk, but it is safe for other 

metals. The results of this study suggest that the measurements to prevent the pollution 

of breeding ponds in Golestan province should be taken by the responsible authorities. 

It is possible to reduce the dangerous effects of heavy metals by monitoring, regularly 

examining and evaluating these mineral pollutants. 
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Table 1. Mean ± SD of heavy metal levels in farmed shrimp in Golestan Province (mg/kg dry weight) 

Site 3 Site 2 Site 1 Heavy metals 

0.40 ± 0.11 0.43 ± 0.08 0.44 ± 0.11 As 

0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.01 Cd 

0.02 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 Co 

0.54 ± 0.26 0.65 ± 0.18 0.56 ± 0.19 Cr 

15.66 ± 3.27 19.04 ± 2.49 21.77 ± 4.50 Cu 

21.95 ± 6.84 38.07 ± 2.97 40.40 ± 4.65 Fe 

0.16 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 Hg 

0.78 ± 0.22 1.03 ± 0.54 1.17 ± 0.87 Mn 

0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 Mo 

0.20 ± 0.10 0.22 ± 0.11 0.14 ± 0.0۴ Ni 

0.28 ± 0.23 0.22 ± 0.14 0.43 ± 0.38 Pb 

0.30 ± 0.01 0.30 ± 0.01 0.31 ± 0.01 Sn 

27.51 ± 5.21a 33.68 ± 1.25b 34.85 ± 1.90b Zn 

Z���* "��U�
 ����Z��\
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)
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�� ) 3�
05/0 < p(  
*Different letters indicate significant differences between experimental groups (p < 0.05) 
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Table 2. Results of analysis of variance of residual heavy metals in farmed shrimp meat in Golestan Province 

Heavy 

metals  

Sum of 

squares 
df 

Mean 

squares 

Calculated 

surface (Fe) 
p 

As 

betweengroups 0.004 2 0.002 0.164 0.852 

Within-Group 0.099 9 0.011 

Total 0.102 11 

Cd 

betweengroups 0 2 0 0.201 0.821 

Within-Group 0.002 9 0 

Total 0.002 11 

Co 

betweengroups 0 2 0 2.07 0.182 

Within-Group 0.001 9 0 

Total 0.001 11 

Cr 

betweengroups 0.031 2 0.015 0.322 0.733 

Within-Group 0.429 9 0.048 

Total 0.46 11 

Cu 

betweengroups 74.993 2 37.496 3.023 0.099 

Within-Group 111.635 9 12.404 

Total 186.628 11 

Fe 

betweengroups 808.074 2 404.037 0.391 0.687 

Within-Group 9294.394 9 1032.71 

Total 10102.468 11 

Hg 

betweengroups 0 2 0 0 1 

Within-Group 0 9 0 

Total 0 11 

Mn 

betweengroups 0.301 2 0.151 0.405 0.679 

Within-Group 0.347 9 0.372 

Total 3.648 11 

Mo 

betweengroups 0 2 0 0 1 

Within-Group 0 9 0 

Total 0 11 

Ni 

betweengroups 0.014 2 0.007 0.836 0.464 

Within-Group 0.076 9 0.008 

Total 0.09 11 

Pb 
betweengroups 0.111 2 0.055 0.664 0.538 

Within-Group 0.75 9 0.083 
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Total 0.861 11 

Sn 

betweengroups 0 2 0 1.059 0.386 

Within-Group 0 9 0 

Total 0 11 

Zn 

betweengroups 124.324 2 62.162 5.76 0.025 

Within-Group 97.133 9 10793 

Total 221.456 11 
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Table 3. Comparison of heavy metal levels in farmed shrimp in Golestan Province with international standards 

(FAO/WHO) 

Heavy metals Standard value (ppm) Standardized mean difference t df p 

As 0.5 -0.07183 -2.579 11 0.026 

Cd 0.2 -0.16856 -43.934 11 0.000 

Co 50 -49.97966 -1.515 11 0.000 

Cr 30 -29.41064 -498.450 11 0.000 

Cu 100 -81.16996 -68.264 11 0.000 

Fe 100 -66.52135 -7.604 11 0.000 

Hg 0.2 -0.03550 -1.236 11 0.000 

Mn 50 -49.00097 -294.755 11 0.000 

Mo 150 -149.96590 -2.088 11 0.000 

Ni 0.5 -0.31169 -11.955 11 0.000 

Pb 0.4 -0.10293 -1.274 11 0.229 

Sn 250 -249.69152 -2.175 11 0.000 

Zn 150 -117.98085 -91.087 11 0.000 
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Table 4. Health risk assessment of farmed shrimp in Golestan province with respect to heavy metals 

Heavy metals Daily intake (mg/g body weight per day) MTDI (mg.g-1 BW/day) 

Children Adults 

As 1.98 × 10-1 1.13 × 10-1 5 × 10-2 

Cd 1.45 × 10-2 8.31 × 10-3 6 × 10-2 

Co 9.4 × 10-3 5.37 × 10-1 - 

Cr 2.72 × 10-1 1.55 × 10-1 2 

Cu 8.71 4.97 3 × 10-1 

Fe 15.48 8.84 5 × 10-2 

Hg 7.6 × 10-2 4.34 × 10-2 - 

Mn 4.62 × 10-1 2.64 × 10-1 - 

Mo 1.57 × 10-2 9.٠١ × 10-٣ - 

Ni 8.71 × 10-2 4.97 × 10-2 3 × 10-1 

Pb 1.37 × 10-1 7.85 × 10-2 2.1 × 10-1 

Sn 1.42 × 10-1 8.15 × 10-2 - 

Zn 14.81 8.46 6 × 10-1 

MTDI: Maximum Tolerable Daily Intake  
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