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Abstract ; Currently, soil environmental quality standards in China have been established primarily focusing on hu-
man health and food chain risks, while paying less attention to ecological security, and lacking perspectives of eco-
logical risks. Accurately derived ecological thresholds of soil pollutants is the key for formulating soil environmen-
tal quality benchmarks and standards. In this paper, we reviewed the derivation processes of ecological thresholds

for soil pollutants commonly used domestically and internationally. Advantages and disadvantages of ecological
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thresholds derived based on different ecological receptors such as plants, soil invertebrates and microbial communi-
ties were also discussed. Disadvantages of currently ecological thresholds which are derived based on the ecological
toxicity data of plants and soil invertebrates in laboratories coupled with statistical extrapolation methods include in-
sufficient species representation, poor ecological relevance and a lack of site-specificity. It was suggested that ma-
chine learning algorithms based on field survey data of contaminated sites could be used as a feasible way to con-
struct exposure-effect models with high precision and accuracy. A site-specific ecological threshold deriving frame-
work base on integrating ecotoxicity data at individual level from literature and toxicity database and ecotoxicity
data at community level in fields was proposed. Future studies were suggested as follows: (1) establishment of
metrics systems for effect endpoints at community level in field; (2) construction of site-specific exposure-effect
models; (3) screening and field evaluation and field calibration of ecotoxicity data at individual level from lab ex-
periments; (4) establishment of soil biological toxicology database platform. The aim of this review was to provide
an important theoretical basis and technical support for the scientific and rational development of soil environmental
quality criteria and standards based on ecological risks.

Keywords: soil microbial ecological function; ecological effects at community level; ecological risk; machine

learning; site-specific
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Fig. 1

Distribution of the eco-toxic data of Cu (a) and Zn (b) based on different model

organisms assayed in current eco-toxic database

Note: The soil ecotoxicity data were collected from the authoritative toxicological database (ECOTOX database of US EPA, e-toxBase of the RIVM,

TUCLID database of the European Chemicals Agency (ECHA), German toxicological database) and Chinese and foreign literature

database (CNKI, Wanfang Data, Web of Science); the data are collected and screened according to [25] and [30]; the same below.
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Fig. 2 Variation of the toxicity thresholds of Cu (a) and Zn (b) based on plants and soil invertebrates
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Table 1 The range of ecological thresholds based on plants, soil invertebrates
and soil microbial community functions
RIVM US EPA
Cu Zn
Cu Zn
pH<65 65<pH<75 pH=75 pH<65 65<pH<75 pH=75
P HCs,/(mg-kg™) 66.1 216 659 889 159 98.7 339 300
AR 95% T {5 X ]
Plants + Soil 95% confidence 448 ~954 147 ~328 450 ~854 595~135 654~349 666 ~144 209 ~528 201 ~462
invertebrates interval/(mg-kg™")
HCy,/(mg-kg™") 180 220 108 246 120 163 240 136
T R A
Soil microbial 95% EARIX ]
community 95% confidence 106 ~293 130 ~351 676 ~171 105 ~475 49.1~320 968 ~245 169 ~330 839 ~214
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