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Effects of Earthworm Accumulation of Heavy Metals in Soil Matrix

FU Xiao~yong, QIN Shang, YANG Liu, CHEN Xue-min, HUANG Kui, HOU Pei—qgiang

(Schoal of Environmental and Municipal Engineering of Lanzhou Jiaotong University , Lanzhou 730070, China )

Abstract ; The objective of this work was to investigate the effects of earthworm( Bimastus parvus Jon 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 wmetals 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. 1 centified that the earthworm had the capability of iolerance and accumulation 1o
coppet, 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 bedy. The different heavy metals could interfere with the physiological and biochemical fr-tiuns of ani-
mals from various aspects. ‘
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Table 1 The chemical properties of soils for experiments

HOLE BCy BZv BPY BEHy
%  mgkg' mgkg' mgekg' mg-kg

1R 7.86 0.35 15.10 6.45 1.09 0.119

ViLE] pH

12 gy

DA Bt 2 1 R ik 1 8 K& B CuS0,.ZnSO,.
Pb(Ac), HgCl, 7+ 5 LA%h i & H 4 0% .0.001% .
0.005% .0.01 %A [ il S5 fitid H IR A 395, @Y
Hoka&8 B FEe 5. ()8, AmEf
BE(Q)FESBERE RN 0.001%8 L% 1%, B
FENSMESEA P 5 R T4 H10 4.00 .4.03,
6.38.7.39 mg kg LTI () FELREWKE RN
0.005% L 50 + 43¢, BN A LS 5 3 KRB F
% B 4 91 20.00,20.15.31.90,36.95 mg-kg™ #5 %
H; () EELRILWE R 0.01%H L1 + 3%, B i
ASMRYES B B R TR EE 2 5 4 40.00.40.30,

63.80.73.90 mg-kg! K+ 1%,
1.3 sEBEAFH &

RO 15em KA BSILBRE 124 &
KRB~ RLM  RIEE SR T, B 1k ik 5 MR
s RS BIEAC YA 48 h B[ Ho il B 3L
B1RE 800, BB INEL . JFHESET
B 15 %8|, 2 b MaFRie . eI BB RA iR
BIREAbRIFR, B IR A R LI RIE T, 5
BAZRTHT,

1.4 MEF*E

B BB A S R ARt 38 3d, FZEK
Vi DKREOE, TR P 105 CHE 4 h, BUBAHE
BrEEsE 20 B, WA EH. RIS BIESMKT
50 mL /MVEERRA, Dk R 20 mL, I M E LSRG,
s mLEER, EENETMAERET R KRR
WA I CGERE RIS, R H G Bk mM S
S8, MAZHBWEEE), BHEM | mL IETHMR
MPBK BEA 100mL ZRF, ERETE. KA
IRIS Intrepid II XSP Y e AR & % B F & S (ICP-
AES)(ZH Thermo Elemental A7) #1THEELE
o
1.5 BiES

B4R /3 Br R Statistica6.0 ZE 33K, X LEHY
B AT AR R T £ (ANOVA), Fl H B/ NE &
£ 5% (LSD)ZE Lk, 7 5% A BT XA
[FIAL B2 8] 42 A AT LB T

2 GR

2.1 AEEFHEMEE KN ESBEEERNHTM
2.1.1 SRS\ R PR E A B Rl — vk T REE SRAT 1Y
4k

£ 3 Cu VRS Yo i T4 o, R [R] 35 Sk 6 el %
SEIARN Cu EEEMR I RE 2,

MR2AH, E3MEKERE Co FLRALESD,
5] 3% Fe oo (R % a5 9 Cu BB L
P BERLER(IOXTF 4.0 mg-kg™ Cu {548+
8, Fs.0=2 149.15,P<0.001; %fF 20.0 mg-kg™' Cu
Y fg+ 1 Fs =11 359.79,P<0.001; %F 40.0
mg-kg™' Cu JE YL + 3, Fs =1 177.44,P<0.001 ),
53t A M, AR 35 SR A ik 81K N Cu B4
EMEENN, BHERAY . EERFEGE
K AEEIARCu WEERERREB/N, EE2 A
iR EI R K
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2.1.2 S| R A E 4R BE R —IR B T BEE SR AT B]

13 MR Zn 1S RM IR, AR FRES R XE
SEUE (K P Zn BEBEHFMERE 2,

7% 2 ATAL 2 3 MR Zn 500 9, R E
RSO ATIEEIA N Zn BRI RAL B
HES (XTF 4.03 mg kg Zn SYH + 3], Fs 0=
258.78,P<0.001; XfF 20.15 mg-kg" Zn {54H) 13K,
F; v=406.31,P<0.001; % F 40.3 mg kg™ Zn 5 +
%, F; 10=590.35,P<0.001), 5%t HA M, KR F
B E] M SE) R N Zn BRI B E N, HA RIS
BEE ESRETRIMIER, SRISIAN Zn WEERTEK
JERN TS 4 REHA IR K,

2.1.3 SRSSHA P4 E R B 7E R —VR B T Bl KT FR 6 (] 69
24k,

FE3 F PbIREB R LED, RRIBEFREE X
AN P BEENIH M LE 2.

M 2 A1, 7 3 FRUREE Pb IS 3P, R
HESRet A 3T A S| A N Pb EEBMEMRAL BE
HER (IXFF 6.38 mg kg™ Pb 54 L 38 ,F; 0=
160.15,P<0.001; %tF 31.90 mg-kg™ Pb 154 1%,
F; 0=206.46,P<0.001; %tF 63.80 mg-kg™ Pb 15 HH)
T 3%, F;=289.24,P<0.001 ), 55t HRAMLL, AR
FREFE RS ISHA Pb S E RSB ER N, BHEA

i BEE S SREHE ALK , s 451K P9 Pb 19 E S B i
KIgBuh 7% 2 B AEIEKR, hBkNAEER
FE [l — ¥R T L 7R R AR R A S AL
2.1.4 SRS R E & B7E R — W T RS FRaY E) )
B

FE 3 F He W15 e 4 38w, R [R5 3% B (8] %ot
SEHSUA A He BEERZ M LK 2,

% 204, 7E7.39 mg kg Hg 5489 1%,
A R 5 55 B (R % M 451 4R N Hg BE 2R m R
B B EMEE R (Fs 0=9.89, P<0.001 ), Hg B B BHE 1S
FrotE| M REK I KRS, 7656 2 FRAEIRK,
T7ESE 5 Rt Hg B RS/, FHHE/MFX A&
FHNFIF AR He #RBE 15 ey L 3P , R 3 707 (8]
xtaf kN Hg ER B HRAL B ERER (I
Xt F 36.95 mg-kg™ Hg 15 44 9 + 3 , F5 v=19.63,P<
0.001; X F 73.90 mg kg™ Hg 15 e 9 1 3% , Fs 0=
12.74,P<0.001), 5% B LA AR LL , 3 5REsFE] g 1.2 JR]AE
RS BAN He BB R EHM, 725 | Mtk &
KB E R 3.4 FIRR8REK N Hg ER B =
FARE

P ERRERER G EHELBNEER
pEsE R AR ERK TR, B ARIESBHRERE
£ AR, FESCIRII , SEEI%F Cu Pb AEEKR
BEREE 2 AN ERRABIEK, REER, K

%2 iEBIkPR BB R B R RER —RE TREE SRR ENRL

Table 2 Variation of accumulated copper,zinc, lead and mercury in earthworm with incubation times at the same initial concentrations

Hi el

LEds ﬁﬁh%g:%?&ﬁ X 1 2 3 4 5 F

Cu 4.00 23.0x1.5 53.0£1.2° 97.0+0.3° 54.0+0.4" 90.0+1.0° 64.0+1.00 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° 135.042.6° 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° 305.0:7.00 2 703.0:196.8' 667.0+27.0° 40£.31%**

40.30 97.0£1.3* 801.0£18.3* 575.0+14.00 345.0£20.2¢  2956.0+173.9° 1079.0£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%%*
— o3190 . 1.23:0.04 19.90+1.92" 34.00:1.166  16.00£1.81d°  13.80+0.98° 16.40+C.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%+*

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" 9.89% %+

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° 0.153x0.003%  0.129:0.004*  0.136x0.006~  0.154+0.006" 12.74%++

I P HIR N meansS.D; FTHFFERAR LR EENZS, RS TR MR YT EMTLER I B ERMESR )BT P<

0.001, T,

Note: Numbers in the table are meantS.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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JEBE BT REHEIENE , Wisk45/%t Zn JTE AR
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KESE 4 AR ABIR K, 5CuZn PbMNEEEMN
H, 485 %t He WA B B R EE/EMA, Bxt Hg K&
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22 AREEERREMIBIANESEEERNTW
2.2.1 sESSHARNE S & R7EF—BB TREARIRE R
AL

I E S R AR B A 5 B B M R R
HRELEEN, HBHARN Cu WEEBAER—FE

FRORFIRE R 1,
900 ¢ O 400 mg-kg'
800 B 20.00 mg-kg™
= 700 | 40,00 mg- kg
‘_:L 600 - i
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(Note; One incubation cycle as one unit , the same letter means no sig-
nificant difference, and the different cycle letiers means no comparability.

The same as follows. )

B 1 sk REnEERER—HE THBARRENEHN
Figure 1 Accumulation of copper in earthworm with concentration

alternatives at the same time

ME 1 TTUEH, 7 Cu 54K 1380, RRE Cu
W TE R — 3L SRR R XTI A N Cu ERBHE
M RAERBERER (F.=9 808.97,P<0.001;
F,4=2 127.78,P<0.001; F, ;=2 798.30, P<0.001 ; F; =
1072.12,P<0.001; F, =1 352.14,P<0.001), (BE&E#H
PORR, YL FRaE A 1.2.5 A, s8N Cu &
EBHEE Cu RERIEIMTIEM; M3gEFRatE N 3.4
[Aet, sk Cu EEREEE Cu KERHMED
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Figure 2 Accumulation of zinc in earthworm with concentration

alternatives at the same time

ME 2 TLLE W, 2 Zn IS4LH0 1, b 3t
3% 1.2.5 B8, NE) Zn WkEELE R — g3t ia) iy 5t
EANIn EERMEWMERLREEHRER
(Fp =489.13,P <0.001;F,, =191.97,P <0.001;F,, =
651.25,P<0.001), 765 3 AR RAH—MEEHER
(F,.=10.76,P=0.010), I 7E 4 4 FB KRR B EH
ER, HBEERN Zn EXEME Zn KE KNS M
TN, 2 Zn IKREEH 4.03 mg-kg™ BITE £ B R/,
24 Zn ¥RAE K 40.30 mg-kg™ Bf Zn HEBE K, E
Zn WY 4.03 F120.15 mg-kg™ BRI AN Zn B
HEZRERARE,

2.2.3 SESEHANHTIE &R LR B E T AR E
B4

SRR Pb B9 E & B R —8 ) T AR E

B LA 3,

40 i ¢ O 6.38 mg-kg™!
]

- 351 yoke!
T B 31.90 mg-kg
3 300} W 6380 mg-kg'
£ 25
= 20
E s
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Figure 3 Accumulation of lead in earthworm with concentration

alternatives at the same time
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P9 Pb EEEEREH Pb IR ERIIEMTTIE M, PbIREER
6.38 mg-kg™' B 41 PK PN Pb E R BB/, Pb RE N
63.80 mg-kg B Pb BERB K, HEFE 13455
Af,Pb ¥ FEX 6.38 M1 31.90 mg-keg' B Pb S H
ZRERARE,

2.2.4 SEWS\{A ARG E S B 7R Rl — R T REA R 7R E
AL

80951 A N Hg 84 & 4 B 72 7 — B 18] T BE A R ok

B LA 4,

O7.39 mg-kg™
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© 014 i b
= 012
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Figure 4 Accumulation of mercury in earthworm with

concentration alternatives at the same time
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