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Aging characteristics of Cd and Ni in soil based on DGT technology

ZHANG Fan'*’, ZHAO Yu-jie*”, MA Xiu-lan", ZHOU Qi-wen>", LIU Xiao—wei*’, ZHANG Tie-liang™’, GUO Xin-lei*’, WANG Zu-
guang™, SONG Zhi-ting**, WANG Ji—jun’

(1.College of Presources and Environment, Jilin Agricultural University, Changchun 130118, China; 2. Agro—Environmental Protection In-
stitute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3.Key Laboratory for Environmental Factors Control of Agro—prod-
uct Quality Safety, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: The bioavailability of heavy metals entering the soil gradually decrease with aging time, and their toxicities are weakened. This
process is greatly affected by the physical and chemical properties of the soil and the types and concentrations of the heavy metal. To study
the aging process of exogenous heavy metals in the soil and analyze the influences of soil properties on the aging process, it is critical to as-
sess the pollution risk of heavy metals. In the present study, the diffusive gradients in thin—films (DGT) technique was employed to investi-
gate the aging characteristics of Cd and Ni in six types of soils. The aging process was fitted by a three—parameter isotope dilution equation,
and the main factors were clarified by the Lasso model and the DPS method. The results showed that the aging process of Cd and Ni in dif-
ferent soils had significant differences, and the bioavailability of Ni decreased faster than that of Cd. The aging process of Cd and Ni could
be divided into three stages generally. The period of rapid aging lasted about 20 to 30 days; the period of slow aging lasted about 30 to 60
days; and the final stage, the balance period lasted about 60 days, these features were true in all soil types except in some highly polluted

soil. The equilibrium concentrations of Cd and Ni in the six soils were determined based on the initial total concentrations before the aging
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process. Another factor affecting the aging rate of Cd and Ni was the cation exchangeable capacities (CEC). DGT, as a non—destructive in—

situ technique, could represent dynamic changes in the bioavailable heavy metals during the aging process of exogenous heavy metal enter-

ing the soil.

Keywords: aging; DGT; cadmium; nickel; soil
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Table 1 Selected properties of tested soil samples
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Region  Type pH Organic rr}]alter/ emol kg Free 1rf)ln/ Active 1}']0n/ Volumetric lvelght/ Clay{] Cd conleﬁr:l/ Ni conlteft/
g-kg g-kg g-kg g em’ g-kg mg-kg mg-kg
By gL 8.27 11.27 20.49 6.85 0.32 1.29 121.6 0.118 95.86
IV it 7.53 21.78 8.68 34.44 1.33 1.27 358.6 2.945 106.33
Wirg kR 537 27.43 12.46 40.89 3.01 1.14 368.8 0.523 98.42
EmHR KB 446 15.73 11.26 17.68 1.61 1.01 300.9 0.307 116.17
W R 7.87 1.84 15.63 8.96 1.24 1.16 200.2 0.770 105.08
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Figure 1 Correlation between actual monitoring values of active Cd and Ni and model fitting values
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Table 2 Parament of kinetic requations used to describe aging of available Cd, Ni fractions in soils

R Ay Wik c, c R A ] v
Soil type Add amount/mg - kg™ Balance time/d Balance concentration/pg - L™
KFE L Cd-F 0.11 0.16 109.50 0.97 46 11.79

Cd—{% 0.17 0.12 36.72 0.90 48 6.25
Ni—f 0.02 0.23 30 818.23 0.99 59 742.75
Ni—I% 0.04 0.21 7 080.43 0.98 57 275.14
FrgEt Cd- 0.32 0.04 55.67 0.92 144 11.92
Cd-fik 0.35 0.18 19.06 0.55 46 3.99
Ni— 0.14 0.04 9417.36 0.97 288 1308.34
Ni—f% 0.26 0.06 2226.42 0.96 156 586.24
CEiRn Cd-75 0.42 0.11 16.17 0.52 41 6.90
Cd-fik 0.61 0.15 0.32 22 2.85
Ni—f 0.12 0.05 6287.71 0.99 197 772.70
Ni—fi% 0.12 0.04 2207.60 0.98 222 254.87
w1 Cd-& 0.22 0.08 431.55 0.99 102 96.67
Cd-{f& 0.19 0.17 280.31 0.97 49 54.38
Ni-f 0.24 0.08 86 139.20 0.98 161 20 388.99
Ni—fi 0.20 0.12 42 856.35 0.99 105 8 630.15
LIt Cd—7% 0.41 0.05 928.01 0.99 169 371.73
Cd—1% 0.33 0.10 436.64 0.98 80 145.22
Ni-f& 0.42 0.05 135 254.69 0.93 267 56 904.17
Ni—fi 0.33 0.11 56 093.05 0.98 122 18 440.32
Equhn Cd- 0.27 0.05 603.25 0.97 154 163.21
Cd-fi% 0.25 0.05 31235 0.96 147 77.33
Ni-f 0.26 0.05 73 583.49 0.97 245 18 897.53
Ni—{I§ 0.21 0.04 30 570.62 0.94 320 64328
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Figure 2 Dynamic trend of aging of Cd and Ni added to soil by external sources
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Figure 3 LASSO analysis of aging balance of Cd and Ni affected by soil environmental factors
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