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Toxicity threshold and prediction model for zinc in soil-dwelling springtails in Chinese soils

WANG Wei-ran', LIN Xiang-long*, ZHAO Long®, ZHANG Jia-le’, FAN Wen—hua'", HOU Hong™

(1.College of Resources and Environment, Shanxi Agricultural University , Taigu 030801, China; 2.State Key Laboratory of Environmental
Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, Chinaj; 3.School of Environmental
Science and Engineering, Shaanxi University of Science and Technology, Xi"an 710000, China)

Abstract: To determine the toxicity thresholds for Zn in springtails in Chinese soils and establish a prediction model for Zn toxicity, we
examined the effects of exogenous Zn on the survival and reproduction of the model organism Folsomia candida in 20 typical types of soil.
The results showed that survival sensitivity to Zn toxicity was considerably lower than reproductive sensitivity. The ECs (half effect
concentration) of the reproduction rate deduced based on the total nominal value ranging from 56 mg-kg™ to 711 mg- kg™ with a difference
of 12.5 times, and the ECs) of the reproduction rate deduced based on CaCl,—extracted Zn ranging from 0.5 mg-kg™ to 5.2 mg-kg™ with a
difference of 8.7 times, which indicates that the effect of CaCl,—extracted Zn in different soils on the reproduction of F. candida, can
provide good predictions of soil toxicity. Furthermore, correlation analysis revealed that ECs values based on the total nominal values are
significantly correlated with soil pH and free aluminum, with correlation coefficients of 0.819 and 0.470, respectively. With respect to Zn

toxicity thresholds for reproduction, we developed a further prediction model of lg(ECs0)=0.255pH+0.0130(OM)+0.673 based pH and soil
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organic matter(OM) using regression analysis, and found that the predicted ECs value correlated well with the calculated ECsy value. The

model developed in this study indicates that soil pH and w(OM) can provide a good prediction of the toxicity threshold of Zn with respect

to F. candida reproduction in different soils.

Keywords: Folsomia candida; zinc; soil property; exogenous addition; toxicity prediction model
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Table 1 The basic physicochemical properties of tested soils
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3.30+0.01
4.65+0.02
5.07+0.03
5.31+0.05
5.50+0.02
5.61+0.01
6.00+0.80
6.13+0.12
6.20+0.02
6.82+0.03
7.13+0.03
7.36+0.04
7.40+0.06
7.44+0.02
7.92+0.02
8.09+0.01
8.21+0.04
8.35+0.03
8.39+0.02
8.89+0.05

11.11+0.23
21.80+0.17
14.37+0.11
46.10+0.23
65.73+0.16
29.47+0.21
26.20+0.14
17.00+0.12
27.61+0.62
33.43+0.30
8.04+0.22
11.10+0.13
14.60+0.31
22.56+0.13
33.30+0.13
11.60+0.11
7.90+0.22
12.18+0.23
21.64+0.03

0.79+0.17
0.73+0.31
0.76+0.02
0.80+0.08
0.44+0.24
4.69+0.13
5.77+0.13
0.76+0.11
0.76+0.51
5.01+0.03
45.50+0.27
35.90+0.14
73.80+0.24
5.14+0.03

12.17+0.11
14.40+0.24
10.58+0.05
18.00+0.03
33.40+0.15
9.81+0.11
16.10+0.17
24.50+0.12
13.90+0.10
20.42+0.12
5.40+0.21
10.50+0.23
10.50+0.51
18.43+0.04
5.95+0.23 28.25+0.27
43.82+0.03 19.89+0.03
3.25+0.13  9.50+0.51
84.86+0.16 10.09+0.30
96.56+0.33 17.27+0.12

4.31+0.20 118.16+0.34 4.87+0.30

3.45+0.51
1.98+0.03
1.78+0.01
7.87+0.27
4.35+0.12
3.95+0.22
5.99+0.12
2.95+0.30
5.46+0.05
6.11£0.11
0.35+0.30
0.59+0.04
0.52+0.11
5.06+0.04
1.94+0.01
1.37+0.20
1.25+0.03
0.93+0.11
1.43+0.11
0.20+0.03

0.14+0.21
0.44+0.20
0.55+0.02
0.12+0.21
0.59+0.12
0.01+0.01
0.19+0.11
0.27+0.11
0.54+0.15
0.21+0.15
0.09+0.11
0.38+0.04
0.35+0.22
0.22+.0.10
0.66+0.21
0.48+0.11
0.33+0.10
0.28+0.02
0.36+0.01
0.07+0.01

2.12+0.15
1.30+0.21
1.32+0.01
1.03+0.22
1.92+0.02
0.87+0.41
0.78+0.20
0.57+0.11
1.29+0.13
0.89+0.03
0.29+0.14
0.62+0.25
0.70+0.01
0.87+0.04
1.56+0.10
0.67+0.01
0.73+0.05
0.47+0.01
0.80+0.02
0.21+0.10

23.04+0.52
23.93+0.61
79.08+0.60
20.52+0.13
7.42+0.12
11.29+0.29
15.18+0.10
9.09+0.31
23.34+0.11
8.07+0.21
3.18+0.22
4.03+0.24
6.58+0.31
13.06+0.11
7.40+0.02
7.05+0.10
5.97+0.40
7.38+0.11
7.27+0.17
4.11+0.11

0.16+0.40
0.43+0.10
1.28+0.02
0.03+0.02
0.52+0.17
0.03+0.01
0.09+0.21
0.17+0.11
0.49+0.06
0.13+0.01
0.04+0.11
0.34+0.11
0.37+0.23
0.23+0.01
0.62+0.18
0.52+0.02
0.18+0.04
0.31+0.11
0.33+0.20
0.04+0.01

3.77+0.41
2.86+0.01
4.97+0.22
1.37+0.18
1.67+0.21
1.23+0.20
1.03+0.21
0.40+0.11
2.61+0.15
0.69+0.31
0.29+0.27
0.58+0.03
0.52+0.22
1.05+0.21
1.26+0.02
0.50+0.21
0.56+0.10
0.53+0.02
0.62+0.04
0.30+0.01

38.42+0.11

42.48+0.10
52.38+0.11

113.27+0.21
67.64+0.14
45.90+0.12
76.36+0.13
67.64+0.17
61.07+0.62
73.19+0.51

43.56+0.04
67.33+0.51

56.21+0.27
83.96+0.24
43.62+0.12
21.44+0.17
32.65+0.58
32.25+0.12
76.22+0.14
32.88+0.35

T B LIPS A X BRI 22 3208 (n=3)

Note:The data are expressed as the mean + relative standard deviation (n=3).
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Figure 1 The reproduction toxicity effects of Zn on Folsomia candida in different soils after 28 days of exposure
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Table 2 The ECs values of Zn for the reproduction of Folsomia

candida based on measured total Zn and CaCl,—extracted Zn

T 00(Zn ) SENME T w(Zne,) SEME

iﬁ%ﬁ )f Based on total nominal  Based on bioavailable Zn
Zn value/(mg-kg™") value/(mg-kg™)
HEREMA T 371(146~695) 0.6(0.3~1.1)
REy AR 677(399~955) 1.2(0.6~1.7)
TR 485(284~686) 0.9(0.4~1.5)
PN EaR: 56(25~105) 5.2(3.7~9.2)
LR 86(77~102) 2.6(0.6~3.4)
B U - 711(-128~1149) 0.7(0.2~1.3)
PN 315(191~538) 1.4(0.9~1.9)
Beptiys 1 617(343~791) 0.7(0.2~0.8)
AR+ 541(320~761) 0.8(0.2~1.1)
R KA 1 380(75~684) 1.1(0.4~1.8)
TR 513(243~783) 0.7(0.3~1.2)
LV S 525(199~853) 0.6(0.2~0.8)
TR 1 654(412~1031) 2.2(0.8~2.7)
e L 553(243~691) 1.1(0.4~1.6)
Ul S 218(126~575) 1.2(0.5~1.7)
VLR KA 1 511(228~649) 1.5(0.9~2.8)
WK FE 1 485(265~598) 1.4(0.4~1.7)
WAL AKRE 1 317(143~592) 1.2(0.3~1.9)
TERES L 541(280~661) 0.9(0.4~1.5)
jiEAtap a1 76(25~155) 4.8(1.7~8.2)
e RAB e/ ME. 12.5 8.7

T 45 5 N S 2P BRI 95% B AR DX TH) .
Note: The value in brackets is the 95% confidence interval of the

toxicity threshold.

3 BT RN BRE I H) Zn XY B R BEESE R
ECs By Tt il 4 8
Table 3 The predicting model of ECsy of Zn for the reproduction
of Folsomia candida based on soil properties

Decisive factor

5 5 72 (n=20)

Regression equation (n=20)
lg(ECs)=1.216+pH 0.650 <0.01
1lg(ECs)=0.673+0.255pH+0.013w (AL ) 0.905 <0.001
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T RS Zn GEXTAS [R] 38 Hp Zn X A7 BE 50 1
BEMEB(E A AT AR RERE J) o X5 Lock S5 Smit
SN G Zn 6 AT Bk B A AR A5 AR L )

8001 — 1145 F12k Fitted line
700k = 11128 1:1 line
R*=0.935

6001
5001
400
3001
2001
100

TR Predictive value/( mg- kg™ )

Od 100 200 300 400 500 600 700 800
HES{E Derived value/(mg-kg™)

Bt T 1g(ECs0)=0.673+0.255pH+0.013w(OM)
The model used is 1g(ECs)=0.673+0.255pH+0.0130(OM)
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Figure 2 The correlation relationship between calculated ECso

values based on total nominal Zn and predicted ECs for the

reproduction of Folsomia candida
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Figure 3 Relationship between measured CaCl,—extracted Zn and added total nominal Zn concentrations in different soils
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