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Effects of Earthworm Accumulation of Heavy Metals in Soil Matrix
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Abstract: The objective of this work was to investigate the effects of earthworm( Bimastus parvus )on the accumulation of heavy metals in the
contaminated soil by adding CuSO,, ZnSO,, Pb( Ac ), and HgCl,. Through the comparison between adding and without adding the heavy metal
salts into soil for control, the influences of the different incubation time and different concentrations on accumulation of heavy metals were
studied. The results showed that the accumulation of heavy metals in earthworm body varied with the increased incubation time when the
maximum accumulation times were variously determined for the different heavy metals added. The maximum accumulation of copper and lead
could reach the maximum for two weeks, but four weeks for zinc. However, accumulation of mercury, in comparison with Cu, Zn and Pb, ap—
peared to be unobvious and did not have the significant differences with time too. The results also proved that the accumulation of heavy met—
als in earthworm increased with the increase of heavy metal concentrations within its tolerance limitation. The heavy metals were absorbed by
earthworm in priority following the order as Zn>Cu>Pb>Hg. It certified that the earthworm had the capability of tolerance and accumulation to
copper, zinc, lead and mercury, but these capabilities had the apparent selectivity, indicating that the different heavy metals showed a big dif-
ference in toxicity. On basis of the research results, it could be inferred that the main reason influencing the heavy metal accumulation might
be the effect of enzyme in earthworm body. The different heavy metals could interfere with the physiological and biochemical functions of ani—
mals from various aspects.
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Table 1 The chemical properties of soils for experiments

<o i} 4 ™ He,

Wi H oH HHUFR R (,u{] J5) Zn{l j5) Ph{l J5) Hg,{]
% mg-kg mg-kg mg-kg mg-kg
A+ 7.86 0.35 15.10 6.45 1.09 0.119

1.2 TR

PR Fa e 4 A At R S i CuS0,.ZnS0;,
Pb (Ac), HgCL, 43 5] LA 3k i & o 0% .0.001% |
0.005% .0.01% A~ 7] Fe 3 5 it - BEVR 5 34 50, Y
HoR o F it 8 AN S50 448 . (L)% BE AN i An]
A () FHEL IR R 0.001% /9 5255 + 1 1)
T MAMIE PR B Y R B IHREE 530 R 4.00,4.03
6.38.7.39 mg-kg™' 1Y T4 (3) T EEJEERWIE
0.005% 1) S 55 4= 438, RVt AR JE-PE4R B S R B
e B 43 9 S 20.00.,20.15.31.90 .36.95 mg kg™ HY +
() S EABER R K 0.01% 15256 35, B it i
HMIEE BEHY K B U 4300 A 40.00,40.30

63.80.73.90 mg-kg™ 1+ 1,
1.3 #EHs[{AFRA &

B4R 15 em JIEAAESALAVERLZE 124>, 7
IR — 22 PR UEE M R, I 1 i 45] IS
TRE s ARG B AT 48 h (A [R] He i i 52
5 1445 800 g, BMAbHUM 3 N L ZRTEA A
B 15 i), & EASTbRic o K T AT o Bt B i
IIEAN R SR, RIS S /D fa B K A der - S A B, 5K
B AEE R N T,

1.4 MEFE

BEBC M AR FR LRt 3 d, FHZRIEK
Yei, VKRB, THEFE T 105 CHE 4 h, UK R 215
T 20 H, SRk o FRIBGE & i 508 K T
50 mL /NFEAR R e R 20 mL, fin 55 5 E S RS
Jn s mL SRR, A XU o g 2 B R
A Lk 7R S A T i 5 4, Y2 0 VAR B TR A 7=
SR, AR ISR TS ) R HE I 1 mL YAl R
bR 5 A 100 mL 8, @A e g, R
IRIS Intrepid 11 XSP 7 i Bkl & 55 5 7 & SHU (1ICP-
AES)(ZE[E Thermo Elemental A7) #EH7MEE 4 E
713538
1.5 RS

BT R Statistica6.0 e, XFSLERnY
Bl R T B R 2R 07 22 70 (ANOVA ), R FH e/t 3%
PE 255 (LSD) Z 8 LTk , 78 95% 1) AT FEE T XA
[F) A3 2 i () 2 S A 7 LU A0 #T o

2 #R

2.1 AEEFMEXESIENESEEEEENZN
21,1 Wi WA A B B A ) — Wk B T AR R I TR Y
4k

TE 3 Fh Cu VR BET5 YLy 38, S [R]85 % Bsf ) X6
MEASIAR P Cu w5 B 520 L3R 2.

M 2 Al 78 3 Rk JE Cu V5 e iy L3,
AN [R]85 5% BF (8] e 454 9 Cu & 4 £ 199 5% i 34 3%
P E 2R (3T T 4.0 mg kg™ Cu V541 +
HE Fs p=2 149.15,P<0.001; %} T 20.0 mg-kg™ Cu
V5 YLy B Fs o=11 359.79,P<0.001; *f T 40.0
mg kg™ Cu 75 Y41l +3 , Fs =1 177.44,P<0.001)
55X R L AR LU, AN [R] 355 75 B[] ) e 5] 44 P Cu ' 46
W EG, HARRIL L . R 5 SR I R Y A
1, Wi i R Y Cu 1Y 5 A 1 S RS il 7R 2 A
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BEUSIAAR N Zn & 4R B B LER 2,

FH#E 2 T 7E 3 PR Zn 15 4% 1 ART]
FEFRAS RO M AP Zn & AR RN 520 Y SR 0
PE2E R (X} T 4.03 mg kg™ Zn 15 Y Y 1% s 0=
258.78,P<0.001; *FF 20.15 mg-kg™ Zn {5 YAy 45,
Fs.10=406.31,P<0.001; %I T 40.3 mg-kg™ Zn 75 YL 09 +
HE, Fs5 15=590.35,P<0.001), S5XFRELIAALL , ARBE 57
B[R] AR M 5 (A P Zn 5 4 B35 S 2 0, AR I
B R SR R S, IR Zn B AR e K
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Ak
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Mrds| A PY Ph & AR REAYSEI ILER 2,

FH % 2 TIAL 78 3 IR Ph 5 e 3 AN
KL )X a5 A P Ph B A (52 I 2 e B ) 2
P25 (WXFT 6.38 mg-kg™ Pb {5 4L nY + 1, Fy 0=
160.15,P<0.001; X} T 31.90 mg-kg™ Pb 5 4Ly 143 ,
F5.10=206.46,P<0.001; %t T 63.80 mg-kg™ Pb V5 4L
+ 198 F5 =289.24,P<0.001 ), 5XF R4 L, AN A8
FEI A A MG A P Ph & AR R R, HARR I

B R SR A T A ZE K IS P Ph A A S
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2.1.4 B WIA P OK B AR A IR — Wk BE T BESE R I TR Y
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7 3 b He e 5 YL i) - 3 AS [R]85 32 st ) %of
AP He & AR REAYSZM L3R 2,

H 3 2 AT, 7F 7.39 mg-kg™' Hg 1544 + 18,
NGEEERINEIDOE R AL NA R R b A ES)
ﬁﬁ%‘fﬁ%%(}rs,lo=9-89 ,P<0.001), Hg %%%Eﬁ%i%
FEIA]AREA SR K5 08N, 757 2 ARk B EK,
MAESS 5 JE A Hg &8s/, JFH/ANTXT R4 78
FANFIRRIE] He W B TS e 18 p R R 15 72 5[]
X e 51 (AR P Hg 5 4 B A2 T S 00 3 3k 2 5%
X} F 36.95 mg kg™ Hg 75 Y 1 +- 4 | F5 0=19.63, P<
0.001; %t T 73.90 mg -kg™ Hg 75 Y4 1y + 3 | Fs 0=
12.74,P<0.001) , 5XF BEAIAH L , B F2 B[R A 1.2 JEl st
(R A P Hg 5 A o 0 S5 1, 76255 1 ik 31 i
K AEREFRI B R 3 4 FEI A M4 Py He & 4R 22
LY NTE N

DL RS 25 SR M e A A A R
Bt O TR A T A2 A, FOSEAS ] 4 T ) oK e
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Table 2 Variation of accumulated copper, zinc, lead and mercury in earthworm with incubation times at the same initial concentrations

; YA o BEFET R/ )&
oy m‘zg’iﬁ%i’% i 1 i j W - ) P

Cu 4.00 23.0+1.5* 53.0+1.2" 97.0+0.3° 54.0+0.4" 90.0+1.0" 64.0+1.0° 2 149.]15%%%*
20.00 23.0+1.5* 166.0+2.8" 396.0+3.2¢ 37.0+1.3¢ 55.0+1.4¢ 123.0+2.6" 11 359.79%:*
40.00 23.0+1.5* 321.0+2.7" 787.0+22.3¢ 135.0+2.6" 377.0+16.1° 488.0+18.5 1 177 .44%%*

Zn 4.03 97.0+1.3° 401.0£7.9 330.0£10.4" 301.0+6.1" 2 606.0+250.0°  322.0+13.1" 258.78%*:*
20.15 97.0+1.3° 600.0+18.4" 447.0+20.0° 305.0+7.0¢ 2 703.0+196.8¢  667.0+27.0" 406.31%#%*
40.30 97.0+1.3* 801.0+18.3" 575.0+14.0¢ 345.0£20.2¢ 2 956.0+173.9° 1 079.0+33.0" 590.35%:%*

Pb 6.38 1.23+0.04* 19.60+1.20" 22.00+1.59¢ 12.60+1.39¢ 12.40+0.17¢ 16.10+0.30° 160.15%:%*
31.90 1.23+0.04* 19.90+1.92" 34.00+1.16¢ 16.00+1.81d° 13.80+0.98" 16.40+0.68° 206.46%%*
63.80 1.23+0.04* 34.70+0.95" 37.00+1.55" 27.60+1.89° 17.30+1.86" 18.70+0.79¢ 289.24 3%k

Hg 7.39 0.130+0.020* 0.154+0.008* 0.156+0.014*  0.110+£0.020*  0.109+0.011™  0.090+0.011" Q.89
36.95 0.130+0.020* 0.178+0.013" 0.160+0.014">  0.119+0.003*  0.126+0.006* 0.097+0.007¢ 19.63%:#%
73.90 0.130+0.020° 0.181+£0.007"  0.153+0.003*  0.129+0.004*  0.136+0.006*  0.154+0.006" 12.74%%:%

T R EUIE N mean=S.D; [RIFT AR R 7 RE 2R DL R E VERY 22 57, (RIS R B A F R S5 4 SRIAT7 220 WA RN B RV 0 25 55, LIS P<

0.001, T[],

Note : Numbers in the table are mean+S.D. The same letters in one row means no significant difference, but the letters at the same column have no compa—

rability. Mark “***” shows very significantly different(P<0.001 ). The same as follows.
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900 ¢ [ 4.00 mg kg™
7, 200 [ 20.00 mg kg
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C
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(Note : One incubation cycle as one unit, the same letter means no sig—
nificant difference,and the different cycle letters means no comparability.

The same as follows. )
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Figure 1 Accumulation of copper in earthworm with concentration

alternatives at the same time
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Figure 2 Accumulation of zinc in earthworm with concentration
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651.25,P<0.001), 76505 3 JEpf 20— S 5
(F,,=10.76,P=0.010) , M 7E5 4 JRIAS AR 2k
2E5t . I HARWSHA RN Zn B AR bE Zn W D934
MG, Y Zn YR 4.03 mg-kg™ PRV E SR G dm/)N,
M4 Zn {2 40.30 mg-kg™ I Zn B HERER K, H
Zn VR H 4.03 F120.15 mg-kg™ B (4 b 451K P Zn B
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2.2.3 e WA PR A 1 e A A A TR — B ) BN [k
A4k,

WG| P Ph 1) G 7E [R)— B[] T AN ]k

HAEf LI 3,

40 b c O 638 mg-kg'
L 3 b O 31.90 mg-kg
fw 30 b W 63.80 mg-kg
£ 25 a
iﬁ 20 o a b aa b
g 15 a al
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Figure 3 Accumulation of lead in earthworm with concentration

alternatives at the same time
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Figure 4 Accumulation of mercury in earthworm with
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