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Study on ecotoxicity differences of Cr(VI) and Cr(IIl ) in soils

YU Xiu-yue', MA Yi-bing'?, SUN Zong—quan', LI He—lian', LI Shi-wei', HAN Xue—-mei'’

(1.School of Water Conservancy and Environment, University of Jinan, Jinan 250022, China; 2.Institute of Agricultural Resources and Re-
gional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The toxicity of soil chromium (Cr) is related to its valence states. The present study aims to compare the toxicity differences of
various valence states of soil Cr to diverse biological indicators and ecological system, and provide a basis for ecological risk assessment of
the Cr—contaminated soils. Based on the collected ecotoxicological data of Cr( VI) and Cr(Ill ) in Chinese soils, the prediction models re-
flecting the quantitative relationship between median effective concentration (ECso) or 10% effective concentration (ECio) of Cr( VI) or
Cr(II') and soil properties were developed, respectively. After interspecific extrapolation and normalization were processed using the pre-
diction models, the species sensitivity distribution (SSD) curves of Cr( VI) and Cr( Il ) for various biological indicators in neutral soil sce-
narios were fitted with Burr Ill. According to the formula of potential affected fraction (PAF), the differences between the toxicities of
Cr(VI) and Cr(1Il ) to soil ecosystem were further evaluated in the condition of various PAFs. The results showed that root elongation of
pakchoi and soil dehydrogenase activity were the most sensitive indicators for soil Cr( VI) and Cr(1ll ) contamination, respectively.The tox-

icity difference of the two valence states of Cr varied with distinct biological indicators at the species level and changed depending on PAF
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at the ecosystem level. Cr( VI) has the higher toxicity to soil ecosystem than Cr(Ill ) in a large range of PAF (i.e. PAFs derived from ECs

and ECodata were less than 84.4% and 87.3%, respectively) and under the common protection level (i.e.PAF was equal to 5% ).These find-

ings indicated that the ecotoxicities of soil Cr( VI) and Cr( Il ) were obviously different, and the ecological risk of soil Cr contamination

could be comprehensively reflected based on the valence states of Cr and their toxicities to ecosystem, which would help the restoration

management of the soils contaminated with Cr.

Keywords:soil Cr; valence; normalization; species sensitivity distribution; ecotoxicity
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Table 1 Ecotoxicological data of Cr( V) based on Chinese soils

Bioloﬁ?fi chamr pH 0C/% CEC/emol -kg™! ECs/mg-kg! ECi/mg-kg! :’”: féjii
- AU 6.51~8.46 0.414~1.51 2.45~16.9 72.1(24.6~152) 13.2(3.80~30.4) [7,10,22]
BRI 5.30~8.46  0.448~1.51 4.49~16.9 4125(111.02~17 060)  696(22.2~3411) [7,10,22-23]
I RS 5.65~8.63  0.414~1.51 2.45~16.9 2750(145~13 738) 463(29.1~2747) [7,22-23]
- HELF YR 5.30~8.06 0.557~1.16 4.49~14.5 3384(1678~6329) 376(186~703) [10]
TR ERERREISE 5.30~8.06  0.557~1.51 4.49~14.5 101(22.4~347) 9.60(2.60~52.7) [10]
THE AR E 6.13~7.00 0.43~1.54 13.2~19.2 10 638(2133~53 060) 608(204~1818) [24-25]
AN AR Wy i 7.01~7.65  0.795~1.57 10.1 469(449~489) 307(286~330) [26]
UNEP 2N 7.10~7.75  0.947~0.973 23.3~29.5 7.79(6.36~9.52) 0.722(0.401~1.30) [27-28]
T2 ek s 7 7.00 3.40 9.90 69.5(68.9~70.1) 29.1(28.6~29.5) [29-30]
23 I H IR T O 8.10 1.34 17.2 204 22.8 [16]
BLESSIR 7 — — 24.3 — [31]

12 :pH . OC HI CEC IFEZ IR L3R VT I E R , ECso FTEC 10 LA ECso AT (E Csomin~ECsoman) F1 EC1o AT EE (EC i0nin~ EC 10ma TERX IR

Note:pH, OC and CEC are expressed as range values in the soil tested. ECso and ECyo are expressed as ECso geometric mean (ECsouin~ECsonn) and ECio

geometric mean (EC oma~ECiona).
F2 ETHELIEN D ESSEZHE
Table 2 Ecotoxicological data of Cr( I ) based on Chinese soils
Bioliﬁﬁfﬁ;amr pH 0C/% CEC/emol kg ECs/mg-kg! ECi/mg- ke f:friﬁ
- AU 4.90~8.80  0.497~2.77 7.27~31.1 684(38.9~3415) 84.4(4.32~683) [7,11,32]
SR I 4.90~8.80  0.423~2.77 4.49~31.1 2876(87.7~17 738) 509(10.0~20 476) [7,11,23,32]
T+ R R TEYE 5.30~8.63  0.423~1.51 4.49~16.9 3958(2618~12 563) 548(291~1396) [7,11,23]
T HEILARIRER G E 5.30~8.00  0.557~1.51 7.27~14.5 3667(980~12 005) 407(109~1334) [
O FAL RS YE 5.30~8.00  0.557~1.51 7.27~14.5 42 834(405~32 787) 476(45.0~3643) [11]
AN WA 7.01~7.65  0.795~1.57 — 569(513~649) 214(115~399) [33]
Ak S 6 — — 604 86.0 [34]
- Y g 7 6 — — 892 610 [34]
BT 6 — — 637 477 [34]

T pH.OC I CEC LAFEAZ I 43 ITE I LR, ECso T EC 1o LA ECso FY LA EL (E Csomin~E Csona) F EC10 Y LATIE (ECromu~ECrona FE XN

geometric mean (EComin~ECiomn).
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Table 3 Ecotoxicity prediction models of ECso and ECyo values of Cr( VI) and inherent sensitivity of extrapolated biological indicators

H W48 F5 Biological indicator

FHMAR T Predictive model

145 U2 (k) Inherent sensitivity (k)

ECs -4 P R ECs=—185 1g0C+77.8 (R*=0.695,n=12) A ELT 4 G P 3806
IR A EC5=30 969 1g0C-30 078 1gCEC+41 724(R*=0.601,n=15)
- SR A I 1gF.C50=0.633pH-1.61(R*=0.365,n=17) THOT IR REREEME e A A EE
-2.52 -0.129
ECi - S AR 1gFC10=-0.958 1g0C+1.10 (R*=0.454,n=12) L Y KRG T 2.52
IR B EC10=3428 1g0C-3134 1gCEC+4839 (R*=0.406,n=15)
- Sl g 1gE.C10=0.587pH-2.02( R*=0.357 ,n=17) T AR FR NG e AL AU T

-3.21 -1.07

F4 Cr(IDECoH EC, EFFHEMNRE R EWIEIRE AR

Table 4 Ecotoxicity prediction models of ECso and ECyo values of Cr( Il ) and inherent sensitivity of extrapolated biological indicators

HWFEH5 Biological indicator

M AR Predictive model

[ 45 #BUZE (k) Inherent sensitivity (k)

ECso - o SR
- MRS

SO R T
ECio B A
N O
TR R T

1gECs0=—0.4810C+3.42 (R*=0.165,1=28)
1gF.Cs0=0.447pH+0.169 (R*=0.392,1=34)

T AR L DT R R P
0.473 0.406

1gECs=—0.187pH+5.08 (R?=0.723 ,n=16)
1gEC1=—0.036CEC+2.48 (R*=0.162,n=28)
1gEC10=0.531pH-1.19(R*=0.546 ,n=34)
EC1=-245pH+2543 (R*=0.504,n=16)

4855 SL G R TR A 1 2.97
+ 5 A SRS M- 1.07
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Figure 1 Correlation between measured and predicted ECso(a) and EC1o(b) of Cr(VI) and Cr(1ll) based on

interspecies extrapolation models
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WA, e Cr( 1) 9 SSD ph 4k (16l 4b, [ 4d) ,
- g O A O P A A A B B Sy SRR, R OR  E
Cr(D 75 4 RII2WiEbr 2 — o AHX T LI
Y, + SRR YIS M 327 Cr 314 52 i 32 B
T RIS FESSD M) b R AE A,
XA R 5 AN R BT R D BE AN A DL & Cr ST
FREERIAAE S R 22 A EAE A 6. o Ak A g o]
PR HL0, 438 R 431 S8 KB 5 It e A L Ak
ok ¥ EEAE T, AT AR T AR AR B 4 2
AP 22 R ORI | 5 0 IR T I R R R T
FTE -0k A B BRI TP R A AN, &

14r
s O HKIH—Fk Unnormalized
‘E L2r ] ] IH—1k Normalized
z
% 1.0f 7z
E osf %
£ o6
O
041
e
X 02
s
0
EC5U ECU) ECSU ECIU
LB LR e

Soil catalase activity Soil aryl sulfatase activity

B3 J3—EIE Cr( )3 & £ HEHRA ECs T EC.0 B
MHES
Figure 3 Intraspecific variation of ECso and ECio of Cr( Il ) for

various biological indicators before and after their normalization
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Table 5 Predicted values of ECso and ECy of Cr( VI) and Cr( 1)

in neutral soil scenario

AW bR ECso/mg-kg ECi/mg kg

Biological indicator cr(VI) (M) cr(VD) cr(1)

B A 353 501 8.60 85.4
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TR ER RS TE 8222 3426 7.98 271
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under different PAFs in the neutral soil scenario
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Table 6 Concentrations of Cr( VI) and Cr( 1l ) under different

PAFs in the neutral soil scenario

i ECa/mg kg ECo/mg kg
Cr(VD) Cr(I) Cr(VD) Cr(1l)
5% 10.2 406 0.376 51.8
50% 188 1141 93.6 362
84.4% 3076 3076 — —
87.3% — — 642 642
95% 33372 7170 1391 781

T BFRFRTEZ PAF T Cr( VD F1 Cr( 1) 4 ECso fE 8 ECo fE A

Note: The values in bold were the PAFs and concentrations of Cr
under which the toxicity of Cr( VI) was equal to that of Cr(1II).
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