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Abstract: This study collected 616 toxicological data of 8 elements on 5 species and 3 microbial processes in 31 Chinese soils
through literature collection, attempting to construct a new model for predicting the toxicity of limited elements in soil data—the
Quantitative ion characteristic activity relationship (s-QICAR) model. Firstly, based on the normalization method of soil properties,
the toxicity values (IogEC;; 1.42~3.35) of 8 elements to 5 species and 3 microbial processes were obtained under three soil scenarios
of acidic, neutral, and alkaline. On this basis, the relationship between the 23 structural characteristic parameters of elements and
their corresponding biological toxicity values was analyzed, and 24s-QICAR models (R’=0.70~0.98; P=0.001~0.023) were
established using the covalent radius (CR) of elements. Furthermore, s-QICAR was used to predict the logEC; (1.44~3.20) of V, As,
Se, and Sn for 8species. Combined with the species sensitivity distribution curve, the HCsvalues of these four elements protecting
95% of organisms under three scenarios were calculated. After correction, the predicted no-effect concentrations of the four elements
in acidic, neutral, and alkaline soil scenarios were V:13,16,17mg/kg; As:10,13,15mg/kg;Se:4.9,7.2,8.4mg/kg;Sn:42,44,45mg/kg, and
the ecological risk threshold map for these 4elements was drawn. This study establishes a new method applicable to the ecological
risk of soil elements in China, providing scientific basis for soil environmental risk assessment and management.

Key words: metal elements; quantitative ion character-activity relationships model; soil organisms; ecological risk
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W, A5 (pH=6.32, CEC=11.15, OC= 1.97%, clay=
28.99%). Hi:(pH=7.37, CEC=18.45, OC=1.87%, clay=

24.19%) 1 B P (pH=8.34, CEC=10.85, OC=1.46%,
clay=16.49%)3 P JFAH 2= ok 3 =

Fz1 HERTENYHNFTEEEREA—ER
Table I The species, elements, and their normalization models collected in this study
W BRI L JLHR JH— R R Sk
11 Cu logEC;p =-0.15+0.34pH 0.61 [31]
13 Ni logEC 1 =-0.34+0.37pH 0.63 [32]
13 Co logEC 1 =-0.13+0.30pH 0.75 [33]
K AR 13 Zn logEC =1.61+0.11pH 0.59 [30]
9 Mo logECyo =1.77+0.13pH 0.60 REACH % ¥ #
10 Pb logEC 1 =1.49+0.20pH 0.84 [29]
12 Sb logEC 0=1.57+1.04l0ogCEC 0.82 [28]
12 Cu logEC,9 =0.81+0.19pH 0.94 [31]
15 Ni logECy9 =-1.67+0.49pH 0.75 [32]
- p—_— 7 Co logEC1o=—0.35+0.33pH 0.82 [33]
16 Zn logEC, =1.22+0.18pH 0.72 [30]
8 Mo logEC; =0.50+1.61logclay 0.61 REACH ik
10 Pb logEC1o=1.49+0.14pH 0.84 REACH #(#fs
16 Cu 1ogEC/o =1.31+1.18logOC 0.51 [34]
9 Ni logEC;9 =-0.12+0.27pH 0.95 [32]
6 Co logEC10=0.35+0.20pH 0.92 [33]
H3k & 16 Zn logEC)o =1.32+0.12pH 0.57 [30]
10 Mo logEC; =1.04+0.99logclay 0.83 REACH ik
6 Pb logEC;¢=0.87+0.31pH 0.89 [29]
16 Sb 10gEC 4=2.45+0.62log0C 0.50 [35]
17 Cu logEC19=1.16+0.90logCEC 0.82 REACH ##fs
17 Ni logEC19=1.27+0.74logCEC 0.70 REACH #(#fs
9 Co logEC14=0.66+0.20pH 0.63 REACH #(#fs
IRF R ] Ll 12 Zn 1ogEC 0=1.80+0.66logCEC 0.40 [36]
10 Pb logEC;¢=2.28+0.09pH 0.74 [29]
20 Sb logEC;¢=3.73-0.17pH 0.59 9]
17 Cd logEC¢=2.12+0.11pH 0.72 [37]
17 Cu logEC19=1.26+1.00logCEC 0.55 REACH ##f
17 Ni logEC19=1.35+0.9110gCEC 0.56 REACH ##fs
o o 1 Co logEC19=1.55+0.6310gCEC 0.61 REACH ##fs
15 Zn logEC 9 =0.94+1.4210gCEC 0.70 [30]
6 Pb logEC o= 1.27+0.95logclay 0.94 [29]
18 Cd logEC,o =1.58+0.13pH 0.73 [37]
17 Cu logECp =0.97+1.1210gCEC 0.64 [16]
14 Ni logEC19=0.97+0.95l0gCEC 0.57 REACH ##fs
PNR LT 0 i 2 9 Co logEC, =0.12+0.30pH 0.60 REACH ﬁﬁﬁ
13 Zn logEC10=2.25+0.48log0C 0.56 REACH ##f
10 Mo logEC o = 1.07+1.01logclay 0.68 REACH %k
15 Pb logEC, =1.37+1.21logclay 0.68 [29]
18 Cu logEC o =1.85+1.04logOC 0.50 [16]
12 Ni logEC19=0.41+1.3910gCEC 0.72 REACH ##f
SIR AT S 10 Co logEC; =0.98+0.9710gCEC 0.58 REACH ﬁﬁﬁ
14 Zn logEC19=1.61+0.65l0gCEC 0.79 REACH ##f
10 Mo logEC o = 0.23+1.67logclay 0.84 REACH % [
10 Pb logEC; =0.53+1.77logclay 0.84 [29]
16 Cu logEC 19 =4.00-0.30pH 0.55 [16]
10 Ni logEC iy =1.33+0.7910gCEC 0.71 REACH % [
MR KA 10 Co logEC o = 1.48+0.5310gCEC 0.55 REACH ##fi i
15 Zn logECp=1.12+1.0910gCEC 0.53 REACH #¥s
10 Mo logEC1¢=1.37+1.42logclay 0.86 REACH %{dis /¢




256 HOE

R 45 %

70°E 80°E 90°E 100°E

110°E 120°E 130°E 140°E

40°N

30°N

AR
Al

40°N

30°N

o g
5k i Tul Bl
y s/
o/ ?
Ml 3@@ »~
i

20°N

&% pH 7 ‘!él {

CEC (cmol/kg) ; i i;i .

mmoc (%) Z I

clay (%) L
z 30 oy
) H 15

0
0 250 500 1,000 km
80°E 90°E 100°E 110°E 120°E 130°E
K1 REPEBCE M) 3 L J S I
Fig.1 Soil sampling points and soil properties for toxicity data

# 15:GS(2022)1873

1.2 JUHESMFHIE

B SCHERBORLA TG 3 MU 2 e 1 3RS 8 Rt
RN 23 Fh g RRFE S5 H P A FE R AE LT R BT
JR 5 P EUAN) D SR 7 BT (AW) R T2 A2(AR)
LA 212 (CR)MINES 42 (r); R AE FARE S M 5 55
(MP). 555 (BP). 300K % DR LR KM A

SRR L B A 2R (AIP) L BRvESRLIE SR FBLA (AED)
LA (Xm) s 55— 7K L (logKon))« LM B TR £
(Xm’r). Ji T HLEH(AN/AIP). KI5 H(Zp). HLHA
(IP). HFEEAR/AW). ETFNE©2). 3 Mtk
NBH(Z s ZIF -~ ZIr)CL R PEAS KA ) 2 50
(ZIAR?. ZIAR). EAAS U IR 2 FioR.

®2 JUEH 23 MEMFHERH

Table 2 23 structural characteristic constants of elements

LERIRSE 5K TR
Cu Ni Co /n Pb Mo Cd Sb
AN 29.0 28.0 27.0 30.0 82.0 42.0 48.0 51.0
AW 63.6 58.7 58.9 65.4 207 95.9 112.4 121.76
AR (nm) 1.57 1.62 1.67 1.53 1.81 2.01 1.71 1.53
CR (nm) 1.17 1.15 1.18 1.25 1.47 1.30 1.48 1.40
7 (nm) 0.73 0.69 0.75 0.74 1.19 0.59 0.97 0.76
MP (C) 1085 1455 1495 419.7 328 2617 321 630.9
D (g/em?) 8.96 8.91 8.90 7.13 114 10.28 8.65 6.68
BP (C) 2562 2913 2927 907 1749 4612 767 1587
AIP (eV) 12.56 10.52 9.2 8.57 7.61 14.34 791 8.80
AEO (V) 0.16 0.23 0.28 0.76 0.13 0.08 0.40 0.66
Xm 1.90 1.91 1.88 1.65 1.80 2.16 1.69 2.05
llogK o 8.00 9.86 9.65 8.96 7.70 3.89 10.08 272
Xm’r 2.64 2.52 2.65 2.02 6.46 2.75 2.77 3.19
AN/AIP 2.31 2.66 2.93 3.50 10.8 2.93 6.07 5.80
p 0.10 0.13 0.13 0.12 0.13 0.12 0.08 0.12
1P(eV) 20.3 18.2 17.08 18.0 15.0 68.83 16.9 25.30
AR/AW 0.03 0.03 0.03 0.02 0.01 0.02 0.02 0.01
Z 2.00 2.00 2.00 2.00 2.00 6.00 2.00 3.00
Zr 5.48 5.80 5.37 5.41 3.36 61.02 4.12 11.84
ZIr 3.75 4.20 3.6 3.65 1.41 17.24 2.13 5.19
Zlr 2.74 2.90 2.68 2.70 1.68 10.17 2.06 3.95
Z/AR? 0.81 0.76 0.72 0.85 0.62 1.49 0.68 1.28
Z/AR 1.28 1.24 1.20 1.31 1.11 2.99 1.17 1.96
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The sum of Pearson correlation coefficients (absolute values) between toxicity values and elemental structural characteristics

in 3 soil scenarios
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£33 TREYIFIE 3 FEE THIEIFR T s—QICAR 1EE!
Table 3 s—QICAR models of different biological species under 3typical soil scenarios
b/l BRI s—QICAR R Ry RMSE F P i
74 logEC =-1.34+2.86CR 0.87 0.84 0.15 34.80 0.002
K s logEC,=0.08+1.88CR 0.68 0.61 0.19 10.44 0.023
HE logEC=-0.23+2.27CR 0.94 0.93 0.08 75.20 0.001
1783 logECy=—2.54+3.75CR 0.88 0.83 0.12 26.17 0.002
T i ik logECp=—1.32+2.97CR 0.86 0.82 0.16 24.85 0.008
kk logECy=-0.25+2.22CR 0.83 0.78 0.14 19.10 0.012
1783 logECp=-3.13+4.12CR 0.94 0.93 0.13 94.31 0.001
EP3 b logEC15=-3.38+4.38CR 0.95 0.94 0.09 93.85 0.001
T logEC15=-3.58+4.57CR 0.90 0.88 0.21 42.88 0.001
[ivgds logEC15=-0.79+2.44CR 0.88 0.85 0.14 35.92 0.002
P i b logEC15=-0.18+2.06CR 0.86 0.83 0.15 30.72 0.003
T logEC15=-0.68+2.39CR 0.87 0.84 0.15 32.94 0.002
743 logEC 4=1.32+0.86CR 0.96 0.95 0.02 142.89 0.001
7T Bk BRkEs logEC4=1.80+0.55CR 0.77 0.71 0.05 13.68 0.021
Tk logEC 4=1.49+0.65CR 0.85 0.81 0.05 22.70 0.009
743 logEC¢=—1.49+3.02CR 0.96 0.95 0.08 111.27 0.001
PNR ik logEC=0.11+1.98CR 0.86 0.82 0.11 24.43 0.008
T logEC4=0.05+1.74CR 0.85 0.81 0.11 22.14 0.009
743 logEC=—1.87+3.33CR 0.90 0.88 0.10 76.49 0.001
SIR ik logECy=—0.86+2.54CR 0.96 0.95 0.02 148.61 0.001
TPk logEC1¢=-0.73+2.29CR 0.96 0.95 0.05 131.55 0.001
[L7gi logEC ;=2.85+4.26CR 0.89 0.82 0.10 21.40 0.013
MR e logEC =—3.22+4.59CR 0.96 0.95 0.05 125.98 0.001
TR logEC,=—2.27+3.68CR 0.91 0.88 0.09 29.04 0.013
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