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14-16
( ICP-MS) Cu Zn Cr Pb Cd As
1
1.1 10
1. ( Eisenia fetida)
1
Tab.1 Basic physical and chemical indexes of raw pig manure
Ind H 1% 1% /% 1%
naex P Organic carbon Total N Total P Total K
Value 6.51 £0.050 49.85 +£6.33 1.59 £0.012 2.94 +£0.36 0.73 +£0.021
Index Cu/(mg*kg™") Zn/(mg+kg ") Cr/(mge=kg™) Pb/(mg+kg™') Cd/(mg+*kg™") As/(mg-*kg™")
Value 62.829 4 435.596 0 17.978 7 4.392 4 0.137 4 0.7355
1.2 40 ¢cm x40 c¢cm %30 c¢cm 50 g 3 kg
3 .
2 o 01234
1.8 ( METTLER TOLEDO ME104E) ; pH ( METTLER TOLEDO FiveEasy Plus FE28) ;
( MILESTONE ETHOS ONE) ; ( Agilent Technologies 7700 Series ICP-MS) .
1.4 : 50
o pH NY/T 1377—2007 " o
100 0 BCR
" 0.11 mol + L™ 0.5 mol + L' 30%
GB 5009 v ICP-MS .
1.5 Excel 2016 Origin 2018 IBM SPSS
Statistics 24 o
2
2.1 pH pH 2
pH o 1 pH
4 pH 6.51 £0.05 6.86 £0.08 pH
2 pH
Tab.2 The pH value of pig manure after earthworm exposure
pH 0 1 2 3 4
pH value Week 0 Week 1 Week 2 Week 3 Week 4
6.51 £0.05 6.55+0.10 6.64 +£0.10 6.68 +0.04 6.76 £0.10

Control group

6.51 £0.05 6.65 +0.06 6.69 +0.10 6.73 +0.08 6.86 +0.08

Experimental group
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2.2

o 4

56.19 304.10 12.05 2.52 0.097 0.70 mg * kg~

6

Cu Zn Cr Pb Cd As

13.69% 24.47%

30.70% 39.17% 21.91% 9.36% Pb (39.17%) As (9.36%) -
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Fig.1 The total amount of different heavy metals in each group of pig manure at different time
C: Control group; E: Experimental group. 2: Week 2; 4: Week 4
2.3 2 Zn Cr Cd
~ ~ Cu ~ Pb AS
o 4 Zn Cr Cd
15% 27% 27% 7Zn Cr Cd 2% 18%
4% 12% 9% 20% Cd 10%
30% 2 o Cu Pb As4 5% -
Zn Cr Cd Cu Pb As o
2.4 4 3 1
(P<0.01) (0.48+0.03) g 2 3
10.50 +0.02) g) 3%, 3 4

(0.41 £0.01) g -
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Fig.2 The proportion of different heavy metals in pig manure under different treatments
C: Control group; E: Experimental group; 4: Week 4
2.5 4 0.64
20
Cu Zn Cd As %D )
2 0.5 o .
o Cu Cd As3 . ,f+ —f— N
4 0.490 0.012 S / N
. Z 0.4 *
0.064 mg * kg™ - Zn 1 % /
= /
Zn 46.07 mg « kg™ /
. H’% 0.31 i
1 49.74 mg * kg~ ey
: Cr 5.67 =02 ‘ ‘ . .
o Lol AT 0 1 2 3 4
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° 3 T UE| TR AR R A AR R 3
( BSAF) ( - Fig.3 The change of average weight of earthworms
/ )z ; 5
o 3 Cu Zn Cr Cd As
1 0.1350 0.1228 0.3815 0.1042 0.0955 4 0.1459 0.164 2
0.4672 0.1912 0.145 1, Cu Zn Cr Cd As o 4
5 Cr>Cd>Zn>Cu > As 1 Cu Zn Cr Cd As

8.09% 33.69% 22.46% 83.46% 51.98%
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Fig.4 The change of heavy metal content of earthworms under different treatment time
3
Tab.3 BSAF for heavy metals in the earthworms from the pig manure at different time
BSAF Cu 7Zn Cr Cd As
1 Week 1 0.14 0.12 0.38 0.10 0.10
2 Week 2 0.14 0.15 0.47 0.14 0.11
3 Week 3 0.14 0.16 0.48 0.17 0.13
4 Week4 0.15 0.16 0.47 0.19 0.15
3
pH 0 N
pH 12 23 . pH
2 pH
24 -26
o Cu Zn Cr Pb Cd As
Zn Cr Cd
o Cu Pb As
Cu Pb As o
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o 3
27
Cu Zn 0.43 0.73%: Cu Zn
Cd As 0.35 0.27 13.07 13.56 ® .
Cu Zn Cd As o
Cd>Hg>As>Zn>Cu>Pb o
31
Pb
Pb
1 Pb.
32-36 37
38— 39
40-42
03
o pH
Cu Zn Cr Pb Cd As Z/n Cr Cd o
Cr Cu Zn Cd As
Pb o Cu Zn Cr Pb Cd As Cr >
Cd >7n >Cu > As.
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Effect of Earthworms on Enrichment of Heavy Metals in Pig Manure

HUANG Wei' > DIAO Xiaoping”® LI Sennan' > GONG Ying'

(1. Institute of Tropical Agriculture and Forestry Hainan University Haikou Hainan 570228 China;
2 . State Key Laboratory of Marine Resource Utilization in South China Sea Hainan University Haikou Hainan 570228 China;

3 . Hainan Normal University Haikou Hainan 571158 China)

Abstract: Pig manure separated from the dry and the wet was used as substrate inoculated with earthworms
( Eisenia fetida) and cultured indoors for 4 weeks. The contents of heavy metals (Cu Zn Cr Pb Cd As) in
the pig manure and earthworms were determined by the inductively coupled plasma mass spectrometry ( 1CP-
MS) . The speciation changes in the pig manure and the enrichment of heavy metals in the earthworms were sys—
tematically analyzed under the action of the earthworms. The experimental results showed that the pig manure
promoted the growth of earthworms increased the body weight of the earthworms obviously after 4 weeks of treat—
ment and had no effect on the reproduction of the earthworms. After 4 weeks of earthworm treatment the pH val-
ue of the pig manure increased from 6.51 to 6.86. The total amount of Cu Zn Cr Pb Cd and As in the pig
manure decreased by 13.69% 24.47% 30.70% 39.17% 21.91% and 9.36% respectively compared
with the control group. Meanwhile the proportion of Zn Cr and Cd in the pig manure decreased by 15% 27%
and 27% respectively compared with the control group. The earthworms had a certain effect on enrichment of
heavy metals. The concentrations of Cu Zn Cd and As except for Cr in the earthworms increased by 0. 49
mg * kg™ 3.86 mg kg 0.012 mg- kg ' and 0.064 mg * kg™' respectively compared with those before
the experiment and showed a time-effect relationship. The biota-sediment accumulation factors increased in the
order of Tr > Cd >Zn > Cu > As. This indicates the earthworms can enrich heavy metals and reduce the content
of heavy metals in the pig manure and the proportion of heavy metals in the form of residue in the pig manure
which is conducive to the transfer and removal of heavy metals.

Keywords: Earthworm; pig manure; heavy metal, enrichment



