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Effects of soil physico—chemical properties on chronic toxicity of cadmium to earthworm Eisenia fetida

LIU Hai-long'?, WANG Yu—jun®, XUAN Liang®, ZHOU Dong-mei?%, SONG Yin-ling"

(1.School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China; 2.Key Laboratory
of Soil Environment and Pollution Remediation , Institute of Soil Science,, Chinese Academy of Sciences, Nanjing 210008, China )
Abstract: The effects of soil physico—chemical properties on the chronic toxicity of cadmium(Cd) to earthworm were investigated in 18 soils
spiked with Cd by employing the methods of Organization for Economic Co-operation and Development (OECD ). Results showed that Cd
toxicity to E. fetida differed in different soils. No observed effect concentrations(NOEC) of Cd varied from 10 to 100 mg-kg™. The Cd con—
centration for 50% of maximal inhibition effect(ECsy) of cocoon production ranged from 66.5 to 263.5 mg -kg™. Significant positive correla—
tions were observed between soil pH, organic matter content and cadmium ECs, while significant negative correlation was present between
clay content and cadmium ECs,. These three factors accounted for 89.1% of variance for cadmium ECs. The bioavailability of Cd was lower
in soil with higher pH and more soil organic matter, which was in accordance with the results of the inhibition of cocoon production experi-
ments. The Cd ecotoxicity data generated in the current study may provide useful reference information for the environmental risk assess—
ment of Cd contaminated soils and the development of soil screening values.

Keywords: cadmium; soils; Eisenia fetida; chronic toxicity
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Figure 1 Soil types and sampling sites
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Table 1 Main physico—chemical properties of tested soils

Hirs 13 pH  ERIpKiE% AU kg BT acHult/omol ke Fiki/% MYEVKL% HVKL%  FHANRHEL/mg kg™

A O VLT 1 4.69 56.46 55.30 14.50 13.80 51.30 34.90 0.41
B SRt 552 44.41 20.50 13.00 34.30 57.50 8.20 0.46
C MFiA kg 5.02 47.81 22.00 25.60 12.70 80.10 7.20 0.20
D KibkmEL 462 65.70 43.60 6.94 20.00 67.00 13.00 0.48
E WA 551 4324 18.50 16.20 2290 4140 35.70 0.27
F HEDRRLLTHE 533 58.58 40.00 13.40 27.10 53.70 19.20 0.34
G #UTHEKAEL  7.03 54.41 31.70 26.10 13.60 61.80 24.60 0.42
H RIKFEL 614 4532 14.30 9.23 12.60 47.10 40.30 0.30
1 Tt 21 4 5.40 64.91 58.20 9.87 3250 43.20 24.30 227
J HEKFL 594 44.79 26.50 6.98 11.90 64.50 23.60 0.39
K TR PR 7.64 42.90 5.65 15.70 47.00  49.80 3.20 0.33
L Hebie 1 7.03 44,61 7.90 18.00 10.40 57.70 31.90 0.26
M LML 743 44.88 33.10 16.50 41.30 29.50 29.20 0.97
N AEKRELE 820 44.05 5.57 19.10 21.40 72.70 5.90 0.27
0 TPKREL  8.09 46.16 24.60 18.40 22.20 59.60 18.20 0.23
p T BH A 7.60 4553 81.10 9.94 48.10 4140 10.50 1.14
Q WEARBELE 799 53.12 38.60 14.80 29.50 48.90 21.60 0.93
R TREW 1 8.69 41.97 5.70 10.90 13.10 61.50 25.40 0.27

PREERE A /M LU/ ML RLGE S B 3 ) EEENR

B g (2021)°C B E P ITE T5% AT 6 B e IR

400~800 Ix, & J TS0 — W AR 28, BN 5 g4 JiJE 2.1 R X hi 5] B2 5 A 5 M

BB o RN K S e 08 PR £ R4 TSI SRR ST AL PR HH B

( b1 2.0 mm AR 1.0 mm 3 7920 ), @ g8t
- 8 A AR 0 W] B BOR PEAS R X i 5] 2 B 1 s
i 1, 72 P=0.05 [ 5.2 /K F- F >R Dunnett’s 1655
D7 Rk BREH AN BRZH B S hR A S R A T 2 8 HU A, LA
B B TG SE WAV 2 NOECP, [i] i3+ By 6 o e 5] 7
AU A, LU E R EOR RO IR E ECs.
1.3 tEisE R RS ENE

T 108 e 1) ke W50 P 2 S KR W W 24 b, FRIR
R B TRV, B4R T 3R K 7, i F-70 C
UKFE TRV VR SR 5 TR T HLAR T, B i i) 12, JpOe
SERMEISIECT 100 mL =S, JILA 15 mL #eRg iR
73 3 WA 2 mL RUEUK, I E/Ns 2, il &3 45 150
I 2 h, ZE AT fin A — 2 UK, il B 3
200 CAATHA, HZEM RFE/DEBIEEROIE.
FEYRJE A 5 mL 2 mol - L™ (R FRE S 2 25 mL i
i, D IR i3 06 0 B 1 5 (F—AAS; Hitachi
Z-2000, Japan ) o [F] i % Jg SRR AE4) 5 (TORT-2,
Notional Research Council Canada) " 5 4 J& 55 00 &
i, SRR LA S 95%L) F o

WIAET- G . L= s e h S 50T LA 3, b
B BN, 5] PR EIOZ BRI (T 2) o B e AN ) 4 4
H S 5] 77 R Y NOEC FE AR (36 2) , LATE i
LI PO AR (10 mg-kg™) , 7R 2 1 4 v e 5 (100
mg-kg™), FRTE 18 B -3 bR R 2% M5 7 A 1Y
ECy Z R A R (36 2), 78 I 21 5y 66.52
mg-kg™, AP E W 1 H o 263.48 mg-ke™, A Z (1]
AH 2% 2 200.00 mg kg™ AT LUF FH 58 %) iz 5] 7 i 5
ECso R FIWr4m % M sl a8 vk dp vk KN, HLE5 50 .
FLTHE IR 1L 5 A0 1 ST R BRI KV /KRS £ >0 %
TR LT HES 25 PRt 1 HESHR T HE KA > S8 M KA 4> T0]
2T 39> F B KRG >0k P A S HED e £ >S5 e rk 41
5> G NEOK AR > T WK FE 4> 5 FH B IS 2 KA
o 7R e
22 TEFERUMRSREESEZENXR
it ECy 5 439 F Z A BRI % 4 Z o0 e
A3 HT, & B pH i (P<0.001) A HLJF 7 4 (P=0.006) ,
BB A7 i (P= 0.015 ) {5 25 5% M 4 Xof iz 5] %) 08 k2
Horp pH E R EEm H E . UL pH H A LR &



228 PRIEIN Rt 5 3555 2 H
» A BT % B Rl +
40 A-Red soil( Yingtan) 40 T 1 B-Purplesoil(Leshan)
30 H 30
3 20 = 20
=
10 | | 10 | |
0 I I 0
0 100 200 10 25 100 200
Cd/mg kg™ Cd/mg-kg‘1
50 . 50r
I C HF e Ehrsk SISUYIS =R
401 I C~Yellow brown soil(Xuyi) 40 T D-Paddy soil(Changsha)
I 30k I
F ﬁ 30
@E‘\ 20+ x 20
10 ‘ \ * 10
0 0
0 10 100 200 25 100 200
Cd/ mg* kg Cd/mg kg
50 ‘ - s0¢
DR SIARE F ZEPRT% 21358
40 L T E-Lateritic red earth(Shaoguan ) 40 F-Latosol(Zhaoqing)
& 30 i 30k
= 20 = 20
10 |_T_| 10f |—'—|
0 i 0 ——
0 25 200 400 200 400
Cd/mg kg Cd/mg-k;gf‘1
50¢ N - r
G HRVLHOK R+ % .
L L C—P- ddy soil(Duji ) HRLR &
40 addy soil( Dujiangyan . 40 #  H-Paddy soil( Quanzhou)
E 30p & 30
5 e
= 20F =020
10} | | 10 | |
0 L] 0 et
0 100 400 25 400
Cd/mg kg Cd/mg kg‘l
50 50
12135 JHEKREL
40 A S I-Red earth(Hechi) 40 J-Paddy soil(Yichang)
= 30 ESREY
g &
B 20 = 20
10 ‘ \ 10 ‘ \ I_r_|
0 | | I_T_I 0 =y
0 25 100 200 400 25 100 200 400
Cd/mg' kg™ Cd/mg' kg™

P R B R SEBE AR EDR s * RN ST IRAR L 22 53 B4, P<0.05

Mean values are shown with standard deviation; * indicate significant decrease comepared with the control group, P<0.05

2 28 d ARt IR F 2 B3|

Eo =]

JEHER

Figure 2 Effect of cadmium on cocoon production of Eisenia fetida after 28 d exposure



U S, 55 : MR AT P XS IR S5 T B

501

40%

LS ve

501

40%

LI ESS G

10

501

40¢

LIE i

501

401

LIS i

HORRLE

30F

20%

30F

20¢

30F

208

30F

20F

K PLBHAE
1 4
K-Brown soil(Shenyang)
T
0 50 100 400
Cd/mg- kg'l
T M SE/ERG LT
M-Latosol( Chongzuo)
*
0 50 100 400 800
Cd/mg- kg
O THARFE L
| 0-Paddy soil (Ningho)
0 50 100 400 800
Cd/mg- kg'l
A L oms ke
1 Q—Paddy soil(Xiangxiang)
0 50 100 400 800
Cd/mg- kg

P P B S S (E b i B

229
501
L #febith +
401 _]-_ ]: L~Cinnamon soil(Weifang)
H 30f
B
H
= 20F
101 ’—T—‘
0 -———l
0 25 50 400
Cd/mg- kg'l
501
| N A HEAKARE £
401 - % N-Paddy soil (Hefei )
H 30f
ﬁ *
&
E 20f
10F T
| | *
0 1
0 50 100 200 400 800
Cd/mg-kg™
60
% P 53FH A
T ]: . P-Yellow soil(Guiyang)
40+ T
@
%ﬂ 30
=
20
10F
0 | | .—'l'—.
0 50 100 400 800
Cd/mg- kg
501
R 2+
401 L —L ety R—Calcareous soil(Baoding)
*
H 30f
e
5
= 20F
10} ‘ \
0 -———|
0 50 100 800
Cd/mg- kg

3% FOR X IRAR L 22 5 35, P<0.05

Mean values are shown with standard deviation; * indicate significant decrease comepared with the control group ,P<0.05

28 2 28 d RHRX IR FE MBI~ HE R R0

Continued figure 2 Effect of cadmium on cocoon production of Eisenia fetida after 28 d exposure
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R 2 RE 28 d FHREXMFRFEMB T HER
ECs.NOEC(mg-kg™)
Table 2 ECy5 and NOEC of cadmium for cocoon production of
Eisenia fetida after 28 d exposure(mg-kg™)

i T4 ECso(95% B X [H]) NOEC
A JREE 2158 66.52(54.38~72.98) 10
B SRl 71.96(51.73~97.06) 25
C Iy A 78.06(56.33~105.76) 25
D KvbokAE 1 83.74(63.85~109.11) 25
E P SiFAR: 88.41(77.60~100.44) 25
F HEPSE LT 1 94.34(61.70~144.63) 25
G HRVTHE KRG L 100.24(87.51~114.37) 25
H SN AKHE L 110.49(80.41~153.98) 25
I A LLT B 110.81(72.82~155.91) 50
J HEKRE L 111.30(86.04~140.06 ) 50
K T BHAR 116.43(62.78~180.84) 50
L b+ 126.74(114.48~139.89) 50
M SEARG LTI 162.75(117.66~218.02) 50
N GHEKAE L 164.85(125.64~214.18) 50
0 TWKAE L 170.87(120.10~232.41) 50
P B e 181.24(245.14~224.46) 50
Q i EI 251.86(229.90~281.91) 50
R TR 1 263.48(200.57~342.04) 100
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Figure 3 Correlation between measured and predicted ECs, of

cadmium for cocoon production of Eisenia fetida
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Table 3 Simple and multiple linear regressions between ECs(mg-kg™) of cadmium for cocoon production

of Eisenia fetida and soil properties

[B] )= 7 R? BEMKFE(P)
e 1 1gECs=1.311+0.118pH 0.792 <0.001
JFFE 2 1gFECs=1.17+0.14pH+0.0290M—0.003Clay 0.891 <0.001 0.006 0.015

4 :OM A AE MU, g+ ke Clay BRI, %,
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Figure 4 Regressions between cadmium concentration in soils and in Eisenia fetida
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