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Abstract: The dose-response relationship is an important part of ecotoxicology. Different effective concentrations cau—
sing inhibition for chemicals could be derived based on the dose-tesponse relationship. The effective concentration cau—

sing 10% inhibition (EC,,) values are the basis for establishing risk-based environmental quality criteria, while most of
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the thresholds reported in the research about ecotoxicity were the effective concentration causing 50% inhibition (ECs,)
values. To find out the quantative relationship of different ecotoxicity thresholds is a key issue needed to be addressed
for deriving environmental quality criteria. In this paper, the dose-response curves of copper and nickel to barley root
elongation, tomato and bok choy growth in 17 Chinese representative soils were fitted with logdogistic functions. The
slopes (b) of the curves were obtained and the EC,, and EC,, values for the three plants in different soils were derived
based on dose-tesponse curves. The results showed that the soil properties affected the b values significantly. The b
values for copper dose-response curves of barley, tomato and bok choy were in the range of 3.9 ~11.5,2.7 ~12.1and
3.3 ~13.5, respectively. The b values for nickel dose-response curves of the three plants were in the range of 4.1 ~10.
4.4.0 ~14.8 and 1.8 ~14.8, respectively. The b values for copper and nickel of the three plants were generally similar
with an average mean value of 6.0 and 7.0 which implied that the variation of b value for a given toxicant in different
plant species was not significant. The quantitative equations of EC,,and ECs, for copper and nickel were obtained
based on ecotoxicity data from Chinese soils. The predictive models with the determination coefficient ( R”) of 0.704
and 0.799, respectively, could predict EC,, values for copper and nickel based on EC;, values accurately. When taking
into account the effect of pH in copper EC,, predictive model and organic carbon (OC) in nickel EC,, predictive mod—
el, the determination coefficient of the models increased up to 0.730 and 0.885, respectively. The quantitative equations
of EC,, and ECy, for copper and nickel will provide more data basis for the risk assessment and the establishment of
related soil standards.
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Table 1  Selected soil properties of the 17 soils used in the nickel and copper phytotoxicity test
oH J(pS+cm™ ) (e mol kg 1) % 1%
No. Site (15CaCl, ) Electrical Cation exchange capacity Organic carbon Content of
Soil type conductivity content/% clay/%
fpS+em ) /(c mol*kg™ ")
1 Haikou Latersol 441 111 8.8 1.51 66
2 Qiyang Red earth 4.55 74 75 0.87 46
3 Hailun Black soil 5.78 153 33.6 3.03 40
4 Jiaxing Paddy soil 6.01 159 19.3 1.42 39
5 Hangzhou Paddy soil 6.16 203 12.8 2.46 41
6 Chonggqing Purplish soil 6.31 71 223 99 27
7 Guangzhou Paddy soil 6.47 137 8.3 1.47 25
8 Lingshan Brown earth 632 93 227 428 20
9 Hulunber Chernozem 650 888 227 2.66 37
10 Gongzhuling Black soil 687 147 288 217 45
11 Shijiazhuang Ginnamon soil 723 302 117 1.00 10
12 Urumgi Grey desert soil 750 227 103 0.87 25
13 Yangling Loessial soil 763 83 85 0.62 16
14 Langfang Fluvo-aquic soil 7.66 57 64 0.6 21
15 Zhengzhou Fluvo-aquic soil 7.70 109 85 157 28
16 Zhangye Irrigated desert soil 7.60 152 8.1 1.02 20
17 Dezhou Fluvo-aquic soil 7.80 112 83 0.69 18
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Table 2 The absolute of hill slopes (b) in nickel and copper dose—tesponse curves for higher plants
Cu - ® ) Ni - ® )
Soil N Cu dose - response curve (absolute value of b) Ni dose - response curve (absolute value of b)
on e Barley Tomato Bok choy Barley Tomato Bok choy
1 7.6 6.4 8.6 5.1 4.0 8.8
2 6.0 7.7 7.1 4.7 8.6 43.3a
3 9.1 11.1 43 55 50.4a 13.1
4 5.6 6.8 4.6 6.6 4.6 11.0
5 4.5 53 55 104 13.7 8.0
6 115 12.1 6.0 4.1 12.1 40.3a
7 5.8 - 7.6 26.5a 14.8 35
8 9.0 5.1 6.5 10.0 204a 45.5a
9 83 104 49 99 43 73
10 39 2.7 7.7 53 9.2 14.8
11 45 33 33 - - 3.8
12 54 8.5 42 - - 1.8
13 4.6 5.0 3.7 - - 44
14 55 4.5 7.0 72.9a 6.8 3.7
15 4.0 35 13.5a - - 7.0
16 4.7 49 4.0 - - 2.5
17 5.0 29 5.9 - - 3.8
b b
6.2 6.3 5.7 6.8 8.6 6.7
Mean of b
b
35.0% 474% 28.3% 373% 47.8% 60.9%
Coefficient of variation
‘a  SPSS19.0 75 +1.5 b o

Note: a sign that outliers were greater than the sum of the third quartile plus 1.5 times the difference between the quartiles tested by SPSS 19.0;

b are means and coefficients of variation calculated excluding outliers.



894 8

26% OC EC,, 8. EC,,
6% oC . 2 . 3
1 3 . EC, 1.3 . EC,,
. EC, (1) EC,, .

3 N
Table 3  Quantitative relationship for Cu and Ni toxicity thresholds based on soil properties

(R (P)*
No. Regression equation Cocfficient of determination ( R?) Significant level ( P)"

EC,, =0.404EC;, - 1.837 0.704 <0.05
(Cu n=48)

2 EC,, =0.422ECy, - 24.059pH + 150.454 0.730 <0.05

3 EC,, =0.463ECy, - 16.151 0.799 <0.05
(Ni n=33)

4 EC,, =0.437EC5, +95.5830C - 158.920 0.885 <0.05

‘pH pH (1:5 CaCl,) OC (%) * 5% .

Note: pH = Soil pH (1:5 CaCl,), OC = Organic carbon content (% ); * Significant at 5% level.
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