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The Relationship Between Chemical Extractable Cadmium Levels in Soils and Toxic Responses of Earthworms

LIU Zhi-min, GU Xue—yuan’, WANG Xiao-rong, TANG Jia—yun, LUO Jun

(State Key Laboratory of Pollution Control and Reuse, School of the Environment, Nanjing University, Nanjing 210023, China )

Abstract: The chronic toxic effect of cadmium(Cd) to earthworm( Eisenia fetida) was studied using pot experiments. The spiked Cd concen—
tration ranged from 0.1 to 40 mg per kilogram soil and the bioavailability of Cd in soils was assessed by four chemical methods: extraction by
water, 0.01 mol+ L' CaCl, solution, 0.11 mol - L' HA¢ solution and Diffusive Gradient in Thin film(DGT) technique. The production of re—
active oxygen species(ROS ), activities of antioxidation enzymes, contents of lipid peroxidation product malonaldehyde (MDA ) and metal—
lothionein(MT) were monitored as biochemical responses of earthworms to Cd exposure. It was found that the bioavailable levels of Cd as—
sessed by the four methods were all highly correlated with Cd accumulation in earthworms(P<0.01). The addition of 1.0 mg-kg™ Cd could
significantly induce the accumulation of hydroxyl radical (+OH) and the oxidative damage which was evidenced by the significant increase
of MDA. In general, the toxicity threshold of Cd concentrations is found to be 1.0~5.0 mg-kg™ in the studied soil based on the biochemical
responses of the earthworms to Cd exposure, corresponding to extractable Cd concentration in DGT-Cd 2.00~12.7 pg L™, soil solution—Cd
3.88~20.4 pg L7, HAc—Cd 0.813~2.90 mg kg™ and CaCl,-Cd 0.0292~0.0802 mg -kg . Significant dose—effect relationships were found
between the bioavailable Cd levels and the biochemical responses of earthworms. Our results suggested that the chemical extraction method
may serve as a toxic diagnosis method for the risk assessment of heavy metals in soils.
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Table 1 The concentrations of the four Cd extracting methods and total Cd in soils and Cd accumulated in earthworms

Hehn ed e/ B Cd B/ DGT-Cd &/ HHEAW Cd &/ HAce-Cd &g/ CaCl-Cd &/ Wik Cd &/
mg-kg mg-kg! pg- L pg- L mg-kg™ mg-kg mg-kg!
0 0.100 0.149 0.451 2.44x107 1.99x10° 0.639
0.1 0.209 0.209 0.515 3.64x107 2.11x10° 0.680
0.5 0.586 0.736 1.71 0.175 5.78x10° 0.813
1 0.989 2.00 3.88 0.813 2.92x107 1.02
5 5.00 127 20.4 2.90 8.02x107 1.62
10 104 46.8 46.1 6.10 0.154 3.56
40 39.3 260 261 28.5 0.658 17.9
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Figure 1 The correlation between earthworm accumulated Cd level and extractable Cd(DGT-Cd, soil solution—Cd, HAc—Cd and

CaCl,—Cd ) and total Cd concentration in soils
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Figure 2 The biochemical responses of earthworm exposed to Cd
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Table 2 The fitting parameters(a, B) and correlation coefficients(R?) between extracted Cd levels and biochemical responses of

earthworms exposed in Cd contaminated soils

WH pPCO MDA SOD GST MT +OHa -OHb

DGT-Cd a 1.88 -0.208 0.819 2.49 0.592 3.95 3.95
B 0.019 5 0.035 8 0.030 5 0.0322 0.0330 0.026 8 0.044 1

R? 0.954 0.903 0.926 0.752 0911 0.421 0.678

A Cd a 1.86 -0.240 0.792 2.46 0.652 3.93 391
B 0.023 0 0.041 5 0.035 8 0.038 4 0.038 8 0.031 0 0.053 8

R 0.967 0.902 0.922 0.752 0.904 0.402 0.687

HAc-Cd a 1.91 -0.151 0.870 2.54 0.648 4.00 4.02
B 0.020 9 0.038 7 0.032 7 0.034 3 0.036 9 0.031 8 0.049 3

R? 0.938 0.915 0.865 0.668 0.947 0.535 0.795

CaCl,-Cd a 1.99 0.007 1.00 2.68 0.791 4.12 422
B 0.024 6 0.046 4 0.038 5 0.040 9 0.042 6 0.036 0 0.058 4

R? 0.934 0.920 0.876 0.700 0.904 0.480 0.752
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3 it
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