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Acute toxicological effects and risk assessment of six heavy metals
on the earthworm, Eisenia foetida
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for Pesticide Residue Detection, Institute of Quality and Standard for Agro-products ,

Zhejiang Academy of Agricultural Sciences, Hangzhou, Zhejiang 310021, China

Abstract; [ Background ] The problem of heavy metal contamination in soil is recoganised as a especially serious threat to the envi-
ronment, food safety and human health. Acute toxicity data are not available for all heavy metals. [ Method] The acute toxicity
effects of copper (Cu’*), zinc (Zn’* ), nickel (Ni*), cadmium (Cd**), lead (Pb’*) and manganese (Mn’*) to the earth-
worm, Eisenia foetida Savigny, were determined by using the filter paper contact method and the artificial soil method. The environ-
mental risk was assessed according to the Directive 91/414/EEC of the European Community. [ Result] The results of filter paper
contact method at 48 h showed that the LCy, values of 6 heavy metals to E. foetida, were in the range of 3.17(2.53 ~3.81) ~90.42
(69.45 ~140.47) pg - em ™ *, and the toxicity order was Cu’* >Zn’* >Ni* >Cd** >Ph>* >Mn’*. When using the artificial soil
method, after 14 d exposure, the acute toxicity of 6 heavy metals to E. foetida (LCy,) was 1347 (1236 ~1453) ~ 6936 (6144 ~
8930) mg - kg™', and the toxicity order of the six metals was Cu®* > Cd** > Ni* >Zn** >Mn>* >Pb**. The toxicity/exposure
ratio (TER) of Cu®* | Zn®>* , Ni*, Cd**, Pb** and Mn** were 3.37, 4.46, 8.68, 1428, 13.87 and 5.85, respectively. [ Conclu-
sion and significance ] All 6 heavy metals had potential toxic effects on the earthworm. Based on the environmental quality standard
for soils of China, the data of environmental risk assessment showed Cu®* , Zn>* |, Ni* and Mn®* had potential acute risk to E. foeti-
da, and the acute risk of Cd** and Ph>* were acceptable. The results may provide useful reference information for China to develop
risk-based environmental quality standard for soils.
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Table 1  The acute toxicity of six heavy metals to the earthworm E. foetida measured by filter paper contact method

Bl BEFFRREEEEPRE24 48 h PIL T (IRKAEME)

Fig.1 Mortality of the earthworm E. foetida after exposure for 24 ~48 h (using the filter paper contact method)
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i
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Mn2*K & MnZ*concentration (pgcm2)

to six heavy metals at different concentrations

x1 6 FHESEIMBH S (RKEME)

2 1 . 95% 5K KFK
Eiﬁﬁjltijme el . %:j]@u]ﬁﬁﬁ . LCSO_,} 95% ciéﬁlﬁce (TEr{;iifl p
(h) Heavy metal Toxicity regression equation (pgrem™) limits (pg+cm _2) coefficient
24 Cu®* Y=1.6135 +4.0937X 6.72 5.61 ~8.61 0.9723 0.9460
In** Y =0.7923 +3.6002X 14.75 12.10 ~19.42 0.9634 0.5798
Ni* Y= -1.5594 +4.4849X 29.01 24.00 ~34.01 0.9803 0.8397
cd* Y= -3.1418 +5.5585X 29.16 24.34 ~33.64 0.9675 0.8465
Ph>* Y= -19.6954 +12.3102X 101.41 - 0.8275 0.9982
Mn?* Y= -2.8784 +3.3103X 239.86 119.48 ~2157.73 0.8431 0.9388
48 Cu®* Y =3.2514 +3.4888X 3.17 2.53 ~3.81 0.9661 0.2407
In** Y =1.5023 +3.6669X 8.99 7.51 ~10.81 0.9806 0.6878
Ni* Y= -1.5135 +4.7840X 22.99 18.00 ~27.23 0.9781 0.9954
Cd** Y= -2.6057 +5.5538X 23.41 18.33 ~27.48 0.9807 0.9990
Ph?* Y= -0.8500 +3.4756X 48.21 40.09 ~60.62 0.9662 0.6388
Mn?* Y= -2.8386 +4.007X 90.42 69.45 ~ 140.47 0.9379 0.9691
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Table 2 Significance test of the acute toxicity of six heavy metals to the earthworm E. foetida by the filter paper contact method

o F#% 24 h After 24 h exposure F 5% 48 h After 48 h exposure

Comp);/ison LCs R 95% A5 IR LG, b 95% {7 MR
Ratio of LC5, 95% confidence limits Ratio of LCy, 95% confidence limits

Cu®*:Zn>* 0.4555 0.3570 ~0.5813 0.3526 0.2741 ~0.4537
Cu®*:Ni* 0.2316 0.1840 ~0.2915 0.1379 0.1088 ~0.1749
Cu®*:Cd? 0.2304 0.1851 ~0.2869 0.1354 0.1076 ~0.1705
Cu®*:Ph2* 0.0662 0.0547 ~0.0802 0.0658 0.0509 ~0.0849
Cu®*:Mn?* 0.0280 0.0186 ~0.0423 0.0351 0.0273 ~0.0450
Zn**:Ni* 0.5084 0.4004 ~0.6455 0.3912 0.3097 ~0.4941
Zn**:Cd*t 0.5058 0.4025 ~0.6355 0.3841 0.3062 ~0.4817
Zn**: Pt 0.1454 0.1188 ~0.1780 0.1865 0.1449 ~0.2400
Zn**: Mn** 0.0615 0.0405 ~0.0933 0.0995 0.0778 ~0.1271
Ni*:Cd** 0.9949 0.8036 ~1.2317 " 0.9819 0.7960 ~1.2111 "
Ni*:Ph?* 0.2861 0.2377 ~0.3442 0.4768 0.3760 ~0.6046
Ni*:Mn?* 0.1209 0.0804 ~0.1820 0.2542 0.2020 ~0.3200
Cd>*: Pp2+ 0.2875 0.2422 ~0.3413 0.4856 0.3857 ~0.6115
Cd**: Mn?* 0.1216 0.0812 ~0.1819 0.2589 0.2072 ~0.3236
Ph%*: Mn®* 0.4228 0.2867 ~0.6236 0.5332 0.4157 ~0.6840

TR LCs M) Z R A3 . * indicate no significant difference between the data.
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Fig.2 Mortality of the earthworm E. foetida after exposure for 7 ~ 14 days (using the artificial soil method)

to six heavy metals at different concentrations
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Table 3  The acute toxicity of six heavy metals to the earthworm E. foetida by the artificial soil method
Ao 95% &1 LR%
Exﬁﬁ?jltijme E)R . ﬁj} Eujﬁﬁ:‘ . LC5071 95% coﬁnf{igzﬁce gﬁiliff\ p
(d) Heavy metal Toxicity regression equation (mg-kg™") limits (mg-kg -1 ) coefficient
7 Cu®* Y= -25.1468 +9.4449X 1555 1450 ~ 1685 0.9731 0.7787
Zn* Y= -34.3877 +11.6303X 2436 2234 ~2804 0.9284 0.6650
Ni* Y= -34.7397 +12.1229X 1897 1748 ~2166 0.9316 0.7620
cd* Y= -48.9563 +16.9217X 1544 1419 ~ 1804 0.9331 0.9992
Ph%* Y = —109.2510 +29.6554X 7123 - 0.8275 0.9982
Mn?* Y= -39.4318 +12.4355X 3741 3353 ~4543 0.9119 0.3392
14 Cu?* Y= -20.9197 +8.2823X 1347 1236 ~ 1453 0.9724 0.7574
In** Y= -25.7924 +9.1951X 2232 2064 ~2488 0.9678 0.8174
Ni* Y= -32.3531 +11.5310X 1735 1618 ~ 1921 0.9780 0.9953
cd** Y = -35.3846 +12.8009X 1428 1329 ~ 1599 0.9773 0.9983
Ph2* Y=-60.9818 +17.1777X 6936 6144 ~8930 0.9065 0.9309
Mn?* Y= -30.0774 +9.9290X 3410 3110 ~3943 0.9571 0.5816

6 PR JE LCs 122 5 W F M4 SRR W], Cu”
5 Cd™ X g1 ) 2 PE R T 0 22 5, LA R
AFFEN 2SR (F4) . Hop,Cu®" 5 P 22 Ji)

22 5 Bk, Cu " Wi 051 () 2 b s MR P (951
(14 d) (£3).

x4 (HESENUSISMFUNERBEEST (AT LER)

Table 4  Significance test of the acute toxicity of six heavy metals to the earthworm E. foetida by the artificial soil method

%7 d After 7 d exposure

5% 14 d After 14 d exposure

Heed . sk . . N
Comparison LCs, e 95% EAZ R LCs, L3 95% EZ R
Ratio of LCy, 95% confidence limits Ratio of LCy, 95% confidence limits

Cu®*:Zn?* 0.6386 0.5807 ~0.7022 0.6036 0.5440 ~0.6698
Cu®*:Ni* 0.8200 0.7464 ~0.9008 0.7765 0.7035 ~0.8572
Cu®*:Cd* 1.0076 0.9227 ~1.1002 * 0.9434 0.8564 ~1.0392 *
Cu?*:Ph2+ 0.2184 0.2014 ~0.2368 0.1943 0.1772 ~0.2129
Cu®*: Mn?* 0.4158 0.3786 ~0.4566 0.3951 0.3567 ~0.4377
Zn®*:iNi* 1.2841 1.1747 ~1.4036 1.2865 1.1688 ~1.4161
Zn**:Cd*t 1.5779 1.4529 ~1.7136 1.5629 1.4229 ~1.7166
Zn% " Ph%* 0.3420 0.3173 ~0.3686 0.3218 0.2945 ~0.3517
Zn**: Mn%* 0.6511 0.5959 ~0.7114 0.6546 0.5925 ~0.7231
Ni*:Cd** 1.2288 1.1326 ~1.3331 1.2148 1.1125 ~1.3265
Ni*:Ph%* 0.2663 0.2474 ~0.2867 0.2502 0.2303 ~0.2717
Ni*:Mn2* 0.5071 0.4645 ~0.5535 0.5088 0.4631 ~0.5590
Cd?*: Ph2+ 0.2875 0.2422 ~0.3413 0.2059 0.1901 ~0.2231
Cd?*: Mn2* 0.1216 0.0812 ~0.1819 0.4188 0.3820 ~0.4591
Ph%*: Mn?* 0.4228 0.2867 ~0.6236 2.0339 1.8649 ~2.2181

TR LCsy R R

2.3 KRiFm

FRIENEATE A 91/414/EEC HhEsk (EEC,1991) ,
5] RS BT 1A 30k TER = LGy, (mg kg™ )/
PEC(mg-kg '), X, TER K2 #& Lt (toxicity/ex-
posure ratio) , PEC SR EE T HE BF ( predicted envi-
ronmental concentration) o K& PEMY B Y TER I A
B4 10,4 TER /Nl FHEI , RN AETEA AT $6 52

indicate no significant difference between the data.

YIRS , B 8 /0, JRURS: 8K 2 TER K T i
FHE, 27 RS2 P LA 32 1Y, B0E 8K, IXURS: B
/NEEC,1991) ,

R T VPR 45 e X e 5] 1 A R XU P, A SO
PRI [ -39 PR 05 o A A o R TP = R HE (LA
FHPEC, B Cu®* Zn”" Ni* Cd** f Pb* " 455 fh
4@y PEC 43 %124 400,500,200 ,1.0,500 mg - kg ™'
(HRAEARY 7,1995) o i TR PR EE i i
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PR R B E Mn® " [ BRAH, A 3CH Mn®* /) PEC 2R
FAA E TR A R A IE, B 583 mg-kg ™'
(BRI A5 ,1991)

PIAT A8k 14 d i3S k8 cl® |
Zn’" Ni* .Cd*" Pb’" fil Mn’ " %5 6 FhEE 4 J@ 1Y TER,

S¥90H 3.37 4.46 .8.68 1428 [13.87 1 5.85(% 5).,
XM Cu® (Zn®" NI \Mn®" 55 4 Fpei 58 Xl R 7
e IS A S MR M KU, 17 CA™ " A0 D X
T JPE 5 ) R PR XU K P T B2 Y

&S5 6 MESEXLHIH RN 5 R

Table 5 Summary assessment of the toxicity to six heavy metals to the earthworm E. foetida

FRIE B e

PRI B v

HE)E 14 d LCsy  Predicted environmental . %&% e HLE 14 d LCsy,  Predicted environmental . %Eﬁtt
Heavy metal (mg-kg™')  concentration (PEC) Toxicity/exposure Heavy metal (mg-kg~!)  concentration ( PEC) Toxicity/ exposure
avy me mg: ke . ratio (TER) avy metat - (mg-kg R ratio ( TER)

(mg-kg™") (mg-kg™")
Cu? 1347 400 3.37 Cd** 1428 1.0 1428
Zn* 2232 500 4.46 Pb?* 6936 500 13.87
Ni* 1735 200 8.68 Mn?* 3410 583 5.85

3 Fr5ihe

AT E T 6 F i 4 @ 75 5L 90 = 4514 T Xt
US| ) PR REPE KT S5 R R I, 6 Fol o 5 J X 4 18
By e W5 1y LA VAR B B RN o 45 R HAE A
— TR iz e 6 ol S 45 i %o A 58 A ) 1) A A
P TME L 4 T 7 ff b s e S B 8 5 AU o I
AR A 22 U i T e R R T Il 1 - 2 4
()R H k™, 4 e T G i s i T AR H g 3 K
P T 45 R R 6 T B ) B U i ) ke 51 A P LA
SR M, AT TR B W BE h B O A, DT R
RAEYIEERE, I, A — D E 4R X
e ] %) 18 P R AT AR B

AR U8 AR fih 2 RN T A 38 43 01
76 i G T M W51 S PR EEME . B AR fih ik )
55 4 J X b s ) b B PRI Ry Cu® > Zn® " >
Ni* >Cd’" >Pb** >Mn**, 48 h LC,, /35 3.17 .
8.99 22.99 23.41 48.21.90.42 pg-cm > 5 AT 135
PRI T 4 J X i 5] A Sk B PRI O Cu®t >
Cd** >Ni" >Zn’" >Mn** >Pb’", LC,, (14 d) 435
7 1347 2232 1735 1428 6936 3410 mg-kg ™', X
2 PR TS BB U AEAE 25 5, T g2 il T
UEARIE Al D, A R AR TR AR T, AR
R FHPE R, L i) A 2 B4 57 e W i, Wl
TR, MR (H B AR i i s 1) HU2 i
T R R A T A I R AR R AR XEVEAL 15 G 4 Xo)
R AR ELSZ2 ) 5 1 N T 38 vk B A X T BR AR UL e
| A 3 A LSRR, DI 4 235 2R AT R S
J W5 Qe H AR B B SEBRSZ e . SR FEN T

gk A3 A X i ] A R AN
B T (0 1) [ A w0, T EL S PR R 4
B A A A b AT Sy (AR R A R
BT 2 B 46 ) B A e 51 K R A A3 28 ) 46 %8 DD AR
Ko PR, 1ESEAT V5 Y W XoF iz 1) ) 22k 2 il 56
I, BRI S PR R i 5] 15 95 Y My 0 42 fd Oy = 3k
BEIE MRk

AN T 38 R A ) nT BB AR 5L e 5] A= 35 (1)
FCSEERET, DAHOSE 1 LCs 1 0 5 4 J@ 25 PR PF A 1Y)
M B8 4G fih vk BT 00 L HEA , A K 56 R
AT BRI E M 14 d LCs 17 A BT K WA
ZEREH], Cu®" (Zn®" Ni* Mn’" %5 4 Ff 5 4 @ X}
T2 I A7 AR 2B R XURS:, T Cd®* A Pb** %
T2 B W] A 2k 7 v XU K SR T %52 1
T LA TR bR (E R R Ry, 1995)
FHME Mn®* B BRAE, BFE R85 IR R bR 1B 1T
R % B8 Mn®* St -+ e 4 B KU P o AR XU BT
B BT PEC 38 [ 385 I i = pmifiE(E (R
1E e E 4 AR RD R 38 B - R T — SRR
HER DXk, 5 4 O i 2 R, X ke M5 R 1)
BEPE KU K . PR, B8O SEHE T 1 n s X 8 4
JE WD, 0 AR T 4 R HE O AR 0 b 77, LB AR
WY %4,

5% 0k

Wb fh, ZE044k ) JEAENS. 2007, 47 GEh— KA 475 Yt
Wi 5] 2k B ON. WA AR, (1) 2 19.
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