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Heavy metal pollution status and health risk assessment of rice produced
in Wuxi City from 2021 to 2024
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Abstract: Objective To investigate the pollution status of heavy metals (Cr, As, Pb, Cd, and Hg) in rice produced in Wuxi
City and assess their potential health risks. Methods From 2021 to 2024, 157 rice samples were collected from rice planting
areas A and B under the jurisdiction of Wuxi. Inductively coupled plasma mass spectrometry (ICP—MS) was used to detect
target elements. Single factor pollution index (Pi) and Nemerow comprehensive pollution index method were used to evaluate
the pollution level of rice produced in Wuxi City, and health risks were evaluated by environmental health risk assessment
model. Results The annual average concentrations of various heavy metals were within the standard limits, with the mean
values ranging from high to low as Cr>As>inorganic As>Pb>Cd>Hg. The coefficient of variation for each element ranged from
33.12% to 352.94%. The single factor pollution index and comprehensive pollution index of Cr, As, Pb, Cd, and Hg in areas
A and B were all less than 0.6, indicating a safe level. The total carcinogenic risk of heavy metals was 3.51 x10~, with
inorganic As having the highest carcinogenic risk of 2.68x107. The individual non—carcinogenic risks of heavy metals and
the combined health risk index of multiple heavy metals were all less than 1, with inorganic As having the highest non—
carcinogenic risk of 5.95 x 107" Conclusion The heavy metal pollution in rice produced in Wuxi was at a safe level, and the
distribution of heavy metal pollution in the samples was uneven. The carcinogenic and non—carcinogenic risks of heavy
metals from rice produced in Wuxi were at acceptable levels.
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Table 1 Grading of heavy metal contamination levels in rice
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Figure 1 Annual trend of heavy metal content in rice produced in
Wuxi City (2021—2024)
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R4 20212024 AF B REOK P EL G R AL R (n=157)
Table 4 Monitoring results of heavy metals in rice production in Wuxi City, 2021—2024 (n=157)

Rk FrifiEzz AL

/MH WAME ERRE

A (4F) TTHE (mgkg) (mgke) (mgke) Pys(mg/kg)  Pys(mg/kg) (mgkg) (mgkg) (%) ki th3(%)
2021 Cr 0.236 0.171 0.178 0.133 0.279 0.026 0.691 72.49 100.00
As 0.124 0.029 0.122 0.111 0.144 0.049 0.192 23.42 100.00
Tl As 0.063 0.013 0.064 0.057 0.070 0.028 0.096 19.76 100.00
cd 0.032 0.026 0.028 0.017 0.038 0.004 0.149 79.82 100.00
Hg 0.004 0.013 0.002 0.001 0.002 0.001 0.078 308.20 100.00
Ph 0.021 0.022 0.010 0.010 0.021 0.010 0.100 105.51 32.43
2022 Cr 0.188 0.136 0.146 0.107 0.231 0.046 0.630 72.54 100.00
As 0.085 0.027 0.087 0.069 0.097 0.038 0.159 31.63 100.00
ToHl As 0.054 0.016 0.050 0.046 0.062 0.027 0.113 29.70 100.00
Cd 0.031 0.019 0.022 0.017 0.047 0.010 0.074 61.77 100.00
Hg 0.001 0.001 0.001 0.001 0.002 0.001 0.004 66.59 47.50
Pbh 0.026 0.019 0.021 0.010 0.033 0.010 0.079 74.78 55.00
2023 Cr 0.323 0.147 0.293 0.212 0.396 0.107 0.694 45.48 100.00
As 0.091 0.030 0.089 0.068 0.111 0.027 0.150 32.86 100.00
ToHL As 0.084 0.026 0.085 0.063 0.105 0.017 0.148 31.16 100.00
cd 0.034 0.031 0.021 0.012 0.049 0.004 0.153 93.13 100.00
Hg 0.002 0.001 0.001 0.001 0.002 0.001 0.003 47.80 85.00
Ph 0.024 0.032 0.010 0.010 0.021 0.010 0.179 13578 40.00
2024 Cr 0.492 0.256 0.441 0.259 0.704 0.138 0.998 52.08 100.00
As 0.116 0.036 0.116 0.090 0.145 0.038 0.195 30.70 100.00
TEHL As 0.077 0.025 0.073 0.058 0.092 0.016 0.127 32.81 100.00
Cd 0.030 0.029 0.018 0.014 0.037 0.001 0.115 96.38 95.00
Hg 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.00 0.00
Ph 0.070 0.042 0.054 0.039 0.091 0.023 0211 59.64 100.00
411 Cr 0.311 0.216 0.247 0.153 0.406 0.026 0.998 69.61 100.00
As 0.104 0.034 0.098 0.078 0.127 0.027 0.195 33.12 100.00
Tl As 0.070 0.024 0.066 0.053 0.081 0.016 0.148 34.06 100.00
cd 0.032 0.027 0.022 0.014 0.044 0.001 0.153 83.63 98.73
Hg 0.002 0.006 0.001 0.001 0.002 0.001 0.078 352.94 57.32
Ph 0.035 0.036 0.021 0.010 0.045 0.010 0.211 102.97 57.32
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Table 5 Heavy metal pollution levels in rice produced in Wuxi City, 2021—2024
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A 0.333 0.346 0.143 0.108 0.148 0.373 e
B 0.288 0.350 0.174 0.066 0.206 0.361 Fresy
Ait 0.311 0.348 0.158 0.087 0.177 0.367 A
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Figure 2  Correlation analysis of heavy metals in rice
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Table 6 Cancer risk assessment of heavy metals in rice

i 2021 4F 2022 4 2023 4F 2024 4F HE

Cr% 2.33x10° 1.86 x 107 3.19x 107 486 % 107 3.07x 107
JiHL As 243 %10 2.09% 107 3.22x 10 2.94%10% 2.68x 107
Cd 529 % 10° 5.03x10° 5.54%x10° 4.94 x 107 520x%x10°
Pb 4.48 x 107 5.57x 107 5.19x 107 1.53x 10°° 7.70 x 107
Hit 3.20x 107 2.78 x 107 410x%10™ 3.94x 107 3.51x10™

R7 ROKTPESEAEBURNXE AL
Table 7 Non-—carcinogenic risk assessment of heavy metals in rice

HQ 2021 4 2022 4 2023 4F 2024 4 HfE

Cr™ 2.88x 107 2.29x 107 3.94x 107 6.00 x 107 3.80x 107
TGl As 541x10" 4.64x 107 7.15% 10 6.54 x 10 5.95x 10
Cd 1.65 x 10 1.57 x 107 1.73x 107" 1.54 x 10 1.62x 10"
Hg 3.47x 107 9.02x 107 1.33x 107 427 %107 1.49x 107
Ph 3.76 x 107 4.68 x 102 4.36 x 107 1.29x 10" 6.47x 107
HI 8.07 x 10™ 7.00 x 10™ 9.85% 10 1.00 x 10 8.75x 10
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