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Abstract: [Objective] With the continuous requirements for the management of contaminated soil, intensive studies on the
ecological risk assessment of contaminated soil are increasingly important. At present, the toxicity test based on species sensitivity
distribution for ecological risk assessment of regional contaminated soil has been becoming more and more important compared with

the toxicity test based on single species. The toxicity assay should include not only the test for throughout the life cycle, but also the
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sensitivity of different test endpoints. Toxicity thresholds of Zn determined with different test endpoints are important for evaluation
of the environmental risk of Zn in polluted soils. Root ecology plays an important role in the ecological risk assessments and the
derivation of toxicity thresholds of heavy metals in polluted soils. The Zn toxicity thresholds (EC,, x=10, 50) of barley as determined
by total root length, number of root tips, root surface area and the average diameter of barley root and the quantitative relationships
between the EC, and soil properties were studied with the aim to provide basic data for environmental risk evaluation of Zn polluted
soils. [Method] Eight kinds of field soils with various properties were collected around China, Zn (ZnCl,) was applied and the
treated soils were used in a pot experiment after 4 weeks of incubation. Different micro morphological endpoints of barley roots were
measured with root scanner (STD1600 Epson), the Zn toxicity thresholds (EC,, x=10, 50) of barley were determined based on the
dose-responsive curve with Log-logistic model, the prediction models of Zn toxicity thresholds were developed based on the total Zn
concentrations and soil properties (e.g. pH, CEC and org-C etc). [Result] The results indicated that toxicity thresholds of Zn varied
significantly among the different micro morphological endpoints of barley roots. The average EC,, and ECs, determined with total
root length, number of root tips, root surface area and the average diameter of the root were 228, 295, 335, 261 mg~kg'1 and 702, 779,
837, 739 mg-kg”, respectively. The smallest EC, were observed with the test of number of root tips while the maximum EC, were
observed with endpoint of root surface area, which indicated that the growth of root tips is the most sensitive endpoint among the
root micro morphological endpoints of barley when it is stressed by Zn pollution in soil. Meanwhile, the variation coefficient of ECq
(43.4%) was generally higher than that of ECsy (21.6%). A positive correlation was found between EC, (x=10, 50) and the
background Zn contents, soil properties (pH, OC contents), and correlation coefficient of pH between EC, reached was very
significant (P<<0.01). [ Conclusion] It was found that the growth of root tips is more sensitive than other root micro morphological
endpoints when stressed by Zn pollution in soil. The toxicity thresholds of Zn to plant can be predicted very well based on soil pH,
OC, and soil Zn background concentration.
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Table 1 Basic physic-chemical properties of the tested soils
KA L2 pH (H,0 FH B8 728 it A B Rk Zn HREwE
Soil site Longitude, 1:2.5) Cation exchange Organic carbon  Clay content ~ Background Zn
Latitude capacity (cmol-kg’l) (0C) (%) (<2 pm) (%) (mg-kg")
O (F54138)  Haikou (Latosol) 19°55'N, 111°29'E  4.93 8.75 1.51 66.1 57.4
ABBH (£138)  Qiyang (Red Soil) 26°45'N, 111°52'E 5.31 7.47 0.87 46.1 75.6
X% KRt Jiaxing (Paddy soil) 30°77'N, 120°76'E  6.72 19.33 1.42 412 90.6
B (JKFE1)  Hangzhou (Paddy soil) 30°26'N, 120°25'E 6.80 12.82 2.46 38.9 1193
J7M (£138)  Guangzhou (Red soil) 23°10N, 113°18E  7.27 8.30 1.47 25.3 33.6
AFEW (E+)  Gongzhuling (Black soil) 42°40'N, 124°88'E 7.82 28.80 2.17 44.6 62.8
AFKFE (81  Shijiazhuang (Fluvo-aquic soil) 38°03'N, 114°26'E  8.19 11.71 1.01 21.4 53.8
JEYS (11D Langfang (Fluvo-aquic soil) 39°31'N, 116°44'E  8.84 6.36 0.60 10.1 33.8
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Dose-responsive curve of Zn to barley total root tips in different soils
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Table 2 Toxicity threshold (ECyy and ECsy) of Zn in soils derived from the number of barley root tips and its 95% confidence

intervals (mg-kg™)

A3 A e Ayt ECio 95% B {7 X [H] ECso 95% A7 IX 1)

Soil site Soil type 95% confidence interval 95% confidence interval
JiYj Langfang # 1+ Fluvo-aquic soil 386 200-627 953 817-1102
1% Shijiazhuang #] 1 Fluvo-aquic soil 311 198-453 789 711-1016

/» F:U% Gongzhuling 72 1 Black soil 275 177-401 730 649-941

I~ Guangzhou £ 3 Red soil 258 159-386 691 598-864

BN Hangzhou 7KFE 1 Paddy soil 224 131-331 672 583-811

5% Jiaxing /K #E + Paddy soil 147 124-302 582 506-785

FBFH Qiyang 213 Red soil 118 101-236 557 471-646

IR 11 Haikou T 413 Latosol 106 65-201 469 351-593
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Fig. 2 Comparison of toxicity thresholds (ECsy, ECo) of Zn in soils and its x% (x=10, 90) confidence interval as determined by

different test endpoints (mg-kg™)
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Table 3 Comparison of different mean toxicity thresholds (EC,o, ECsq) and the variation coefficient

OB ECso 3411 ECso 225t A3 EC)o P31 ECo 225t R

Root micromorphology Mean value (mg'kg")  Coefficient of variation (ECsp) Mean value (mg-kg™) Coefficient of variation ECyq
4% Number of root tiops 702 0.200 228 0.335
MR H 4% Average diameter of root 739 0.232 261 0.367

&K Total root length 779 0.209 295 0.285

ML TH AL Root surface area 836 0.225 335 0.276
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Table 4 The multiple regression equation of soil properties
affecting toxicity thresholds of Zn in soils (partial
correlation coefficients and prediction models)

Correlation
coefficient (R%)

I2prpEs

Regression equation

Log(ECs) = 0.308pH+4.820 0.620
Log(ECso) =0.304pH+ 0.1080C+4.685 0.696
Log(ECso) = 0.305pH + 0.004CEC +0.1140C+4.683 0.723
pH, CEC & OC 435Ik +3E pH. PR 748 i B A HUB &5

pH, CEC and OC were soil pH value, cation exchange capacity and organic
carbon content respectively
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