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Abstract

BACKGROUND: Earthworms are essential detritus
feeders that play a vital role in the process of decomposition
of organic matter and soil metabolism. The complex
process of partial breakdown of organic matter and mixing
with mucous and gut microbial flora in the form of
earthworm cast results in the reduction of the toxicity. This
study focused on the change of cast amount and pollutant
contents before and after the eating of the organic waste and
upland soil with the two species of earthworm.

METHODS AND RESULTS: The two species of
earthworms were compared to the cast production. In the
upland soil material, the daily amount of worm’s cast was
1.42 gin E. andrei and 0.40 g in A. agrestis. In the organic
waste material, the cast of E. andrei was 0.78~0.83 g and the
cast of 4. agrestis. have not been collected because all
earthworms died after the treatment. The heavy metals
treated in the upland soil were evaluated the impact of the
worm excretion. With the E. andrei, the cast production was
decreased 0.1~0.8 times in zinc, 0.2~0.5 times in copper,
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and 0.1~0.7 times in cadmium compared to the control
treatment according to the levels of concentration. With 4.
agrestis, the cast amount was decreased 0.3~1.1 times in
zinc, 0.2~0.3 times in copper, and 0.1~2.1 times in
cadmium, respectively. The changes of pollutant contents
before and after the eating of the organic wastes with E.
andrei were studied. In the treatment of the Alcohol
Fermentation Processing Sludge and the Fruit Juice
Processing Sludge, heavy metal content of the cast was
increased 0.7~53.3% compared to the sludge materials.
PAHs contents were decreased 50.1% in the cast of the
Alcohol Fermentation Processing Sludge and 36.6% in the
cast of the Fruit Juice Processing Sludge, respectively.
CONCLUSION: In conclusion, although the A. agrestis
was bigger than E. andrei in size and weight, the cast
amount of A. agrestis was small. The two species of
earthworm was less excretion with high concentration of
heavy metals. While the heavy metals such as zinc, copper,
and cadmium were considerably accumulated in the cast,
the total compounds, PAHs were fairly decomposed. There
results would provide us for restoring contaminated soil and
cleaning organic wastes.

Key words: Earthworm, Heavy metals, Organic waste,
PAHS, Soil
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Fig. 1. Earthworm species; Anynthas agrestis (top), Eisenia andrei (bottom).
Table 1. Chemical properties of the upland soil
pH O'M_l AV.PzQ{, Cations (cmol kg™) Heavy metals (mg kg) Texture
15  (gkg) (mgkg) Ca Mg 7n Cu cd
5.60 10 16.87 0.59 0.12 0.12 0.22 0.24 ND Sandy Loam
N 2 R
FAAEA eld frafst dE8do] felg7hke X|Ho| &
&3t %ﬂre‘io}o% AR EAR diFEaL glom ik ok Aol AHE Aol 28 FoltkFig. 1). WA H o]

el BE ol A FeM R 2 efdEdel tigt 4f
A7 7glekal Qi FAloltHolmgren et al, 1993;
Srmth 1996; Vulava et al, 1997).
1“4]7154 Aol tigk A= 19701 th o] 7]
F2 QRS thow AR Jobls EWNRAEA
o A Brkekm 44 AHETIES s 1 F 1980
ool stehn| g E-gol we B BlSe AsheAlZt o
Hi BY 7]=9] $874d0] FE f7IH7=Y] w4
A Gl thet wilo] AXWA F71H7E Algel e
Bk Wisks Brkeby] f1g A7t et 3 E S
1990\l o] $--El= #7152 A7t Akl EAlst Eo] #7]
= Arideld Hrjshh A ow gejw dtkLerch er
al, 1990; Hernandez et al, 1997; Dar, 1997; Elsgaard et
al, 2001; Petersen, 2001). fr71’3971%& 5] E5st
Az sl wet Fu Hol7h Aa Fo] ot §73A
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al, 1998). old &A= alday] flate] Aol AHGS &8
seA B e HdEAS APshs Aol Aol A
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YHLumbricidae)el 3= H-2EX " 0l(Hisenia andrei)
o} AF o] Megascolecidae)ell k= WA Fol(Amyntha
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goli= B ATelA AAsh= 25 cm JE2] A7t #
S=AH ]}i AAEHA] B skrEeUEeAE ol gsto] =
Hedaetd Aol el AFeo] Fh7t Qlar 2Fo]
300~600 mgQl 7HAIE Ar8sto] Aol ARgailitt BAY
ol EFAFIZA FAA el 7t 9= 1,000~
3,000 mg?l MAE Asto] ARgFTE AHE AHol= 2
T Fe F2A20£2°C)0lA AT Fof] 2 Aol FA

AER ARSI
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Table 2. Chemical properties of the organic wastes

pH OM T-N P,0s K,0  Heavy metals (mg kg')
Wastes 1 4 - 4
15 (ks) ((kg) (@ke) (kg) zn Cu  Cd
Alcohol fermentation processing sludge 7.3 791 74.6 40.8 7.0 3329 803 1.36
Fruit juice processing sludge 7.0 611 29.9 46.1 6.2 2021 1479 043

Table 3. Cast amount of earthworm species for 12 days in the upland soil

Species Replication 'Fre'sl} wt. Total of cast amount Daily cast amount Daily cast amount

of individual (g) for 12 days (g) of individual (g) per fresh wt. (g g D)

1 0.33 591 0.49 1.48

2 0.29 3.96 0.33 1.14

3 0.33 4.50 0.38 1.14

Eisenia andrei
4 0.28 5.25 0.44 1.56
5 0.44 9.02 0.75 1.71
mean+SD 0.33+0.06 5.73£1.98 0.48+0.17 1.41+0.26

1 0.88 2.63 0.22 0.25

2 0.85 2.29 0.19 0.22

3 0.79 4.19 0.35 0.44

Ampyntha agrestis
4 0.29 2.16 0.18 0.62
5 0.99 5.49 0.46 0.46
mean=SD 0.76+0.27 34+1.44 0.28+0.12 0.40+0.16

THE 2 3 2HEE #A Anthracene, Fluoranthene, Pyrene, Benzo(a)anthracene,
THES] WA g Fago] FHE WA nX]= G Chrysene, Benzo(b)fluoroanthene, Benzo(k)fluoroanthene,
< Freb] $ete] RESF 0% HEEA 10%S E3eto] Benzo(a)pyrene, Dibenzo(a,h)anthracene, Bbenzo(gh,i)
M, SFTE Fol ESTE $o] 50%7F HA el perylene)E TA3I%tE A= 5 g& FFAEE 20~50
™, pH BAFA(CaCOs) S H71eto] 6.0£0.5 W7} %= g¥ Edato] AlE ol grito] AAE AdEelA eEo] e
HEST ot TE gl mel e Ay W1 Soxhletell 2ksto] AgtolA] 16A1%F F3F FEH3ih

= 48t
2 AR Y8 o} zine nitrate(Zn(NO;),6H:0),
T-2]:= copper nitrate(Cu(NOs3)3H:0), 7F=H+ cadmium
nitrate(CA(NOs),4H,0) & ]OEOE F9)5ho] WHEQke] X
ol AAtell dF = T4 5 (Spurgeon, 1994)¢}
k=1 o] 2,4, |HE 7 %kg]_ % e oky] T3kEl & 2|
o] 3utelE Z7t Agaglar, A dap 9 AL
Na(2000) =¥ whet ok

r

LHSH(EZE, FUEE) &M

Tuie rlelazdolr AAe] gr|(Mars-X, CEM)E
o] g3to] AR 05 g wlolARo)H. vesselol FHdto] &
gl Y<(HNOs:HCI=1:3) 12 mlE 7}3t T 7= EPA
-method 3051a™e]l &A% #alzd oz Halakl, 3l
HAIRE 275 7H8E] 50 mlE A9 248 AR A
ootk 784 IR B TS B4 e
el BEAIFHE S8at] TRTE AET § ol
B Agg ARkt

PAHs+= US EPAS] $A1A1E4 H5ol 319 14714
PAHs (Naphthalene, Acenaphthene, Fluorine, Phenanthrene,

o] w A}g-¥ FZ81+= dichloromethane 200 mLo]3ith

(US EPA, 1994).
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Table 4. Cast amount of earthworm species for 12 days in the organic wastes

Species Replication 'Fre'sh wt. Total of cast amount Daify cast amount Daily cast amount
of individual (g) for 12 days (g) of individual (g) per fresh wt. (g g D)
Alcohol fermentation processing sludge

1 043 4.03 0.34 0.78

2 0.30 3.01 0.25 0.84

3 0.33 2.96 0.25 0.75

4 0.35 3.12 0.26 0.74

5 041 3.90 0.33 0.79

mean+SD 0.36+0.05 3.40+0.52 0.28+0.04 0.78+0.04

Eisenia andrei
Fruit sewage sludge

1 0.35 3.80 0.32 0.90

2 0.46 432 0.36 0.78

3 0.36 3.54 0.30 0.82

4 0.31 3.09 0.26 0.83

5 0.40 3.94 0.33 0.82
mean+SD 0.38+0.06 3.74+0.46 0.31+0.04 0.83+0.04

Ampyntha agrestis 0*

*The casts have not been collected because all earthworms were died after the treatment.

Table 5. Effect of earthworm’s cast amount with levels of heavy metals in the upland soil

Zn Cu Cd
Species Levels of Daily cast amount Levels of Daily cast amount Levels of Daily cast amount
treatment. per fresh wit. treatment. per fresh wt. treatment. per fresh wt.
(mg kg") (88" (mg kg") (88" (mg kg") (58"
36.1 1.15+0.15 26.3 0.66x0.09 37.5 0.97+0.08
72.3 0.74+0.06 52.5 0.22+0.02 75.0 0.50+0.05
Eisenia andrei 144.5 0.59+0.12 105.0 0* 150.0 0.19+0.01
289.0 0.07+0.05 210.0 0* 300.0 0.05+0.03
Control 1.39+0.22
36.1 0.36+0.04 26.3 0.30+0.05 375 0.78+0.13
72.3 0.42+0.09 52.5 0.20+0.06 75.0 0.43+0.07
Amyntha agrestis 144.5 0.20+0.06 105.0 0* 150.0 0.02+0.02
289.0 0.13+0.04 210.0 0* 300.0 0*

Control 0.38+0.12

*The casts have not been collected because all earthworms were died after the treatment.

~0.36 g WHES WAL, LAH = B Fol 2 ZZH0| 2HE WY DXl I

5 A EAKTable 4). F2E7F0] AFA 1 goll e Tu5S sREE AL F 257 Aol
e 2HE 078 g, HEaviA 2HE 083 g 27t BWE UA%S FARItHTable 5). oFd Aol BHE
HeE Ao AN ol HeEAEe] AFR A YRS H2EX]7o] 0.07~1.15 g, TAHo] 0.13~042 g
THES TSIk o)zl MRS A7) AFRt wol ollaL Tk Hlwstd TE5 i‘:ﬂ s Uz
THE Zvhe gizdoltt. HeEAgole ¥HES A4 v WHE Aol Atk FEjE H2EAH0] 0.22~0.66 g,
A Aol B FE olfr= 14HEY LY9EdE Wxo] 0.20~0.30 gol3lal F3 %%Eﬂ 29(105 mg
o] &= WA Jlow Azt kg')st 47210 mg kg) S 7kt Ha) oA o)t

B ol BHES FARHA ZACh Mg 5254
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Table 6. Change of heavy metal content before and after the eating of organic wastes with earthworm, Eisenia andrei

Heavy metal content (mg kg)

Organic wastes Alcohol fermentation processing sludge Fruit juice processing sludge

Zn Cu Cd Zn Cu Cd

Before the treatment (materials) 3329 80.3 1.36 202.1 147.9 0.52
After the treatment (cast) 410.8 123.1 1.63 250.6 148.9 0.67
Ratio (A%) 23.4 53.3 21.3 24.0 0.7 299

Table 7. Change of PAHs content before and after the eating of organic wastes with earthworm, Eisenia andrei

PAHs content(ug kg'])

Compounds Alcohol fermentation processing sludge Fruit juice processing sludge

Before the tr. After the tr. Ratio Before the tr. After the tr. Ratio

(materials) (Cast) (%) (materials) (Cast) (%)

Naphthalene 63.5 70.8 -11.5 99.9 38.1 +61.9
Acenaphthene 7.3 44 +39.7 10.3 43 +58.3
Fluorene 183.7 60.7 +67.0 2421 117.6 +51.4
Phenanthrene 425.1 13.7 +96.8 974.2 386.4 +60.3
Anthracene 45.3 n.d.* n.d.* 53.9 175 +67.5
Fluoroanthene n.d.* n.d.* n.d.* n.d.* n.d.* n.d.*
Pyrene nd.* 97.7 n.d.* 825 83.4 -1.1
Benzo(a)anthracene 13.8 21.1 -52.9 9.2 57.4 -523.9
Chrysene 116.6 325 +72.1 63.8 2279 -257.2
Benzo(b)fluoroanthene 17.3 20.1 -16.2 7.8 22.6 -189.7
Benzo(k)fluoroanthene 7.3 5.1 +30.1 54 13.6 -151.9
Benzo(a)pyrene 8.4 10.4 -23.8 10.5 19.9 -89.5
Dibenzo(a,h)anthracene 225 19.3 +14.2 154 30.7 -99.4
Benzo(g,h,i)perylene 152.1 182.0 -19.7 109.3 166.2 -52.1
Total 1465.2 731.0 +50.1 2248.8 14249 +36.8

*Non detected

°] 0.05~0.97 gO& thx7HT 57t 575 wHE I Fers wHE WAl A2 2 FEEol AgollA

Aero] A9lal, Wxo] 0.02~0.78 gO & thE7H0.38 g)k ol e v o= gdEh A7t AA Hu A

o Fdese 2 723150 mg kg')olM 0.02 goz FA U S 21 vkt delo] e o Jlom® IRas, A

3] Zglont, 4l Aakel vl g el TelM e wdle e A s, A vE 24§ old FEel 9% vHEeA
= o ddd Ago] desiria

THEZE AP FIFEEAM= A7t B =3t
Zz=

Spurgeon ef al. (1994)- #>=A30l9) vl5eeh /el =

2|8o)(Hisenia fetida)®] x| ke G3o] Q= & & FY K|Ho| MAl M59o| Z21} PAHs (polycyclic aromatic
55 (NOEC, no observed effect concentrations)”} o}F hydrocarbons) &tzf B3}

ol 289, g 210, 7F=% 300 mg kg2 BIuHA L TV 1E(FEEUA, FEEeA)el dg #2549
2]o] Fdgrrg)l 28] T F5(105 mg kg)olM HeE o9 A4 52 T5%(Zn, Cu, Cd) T WslE A
2| gol 9} AA|Fol7} B AL FhEHE] FYAEEA FthTable 6). Table 4014 AR ZIA§ EA|Fol= {7]
WA o7y B S0tk 2572 Aol BT T55 sk A7 sl B 7] whitel AL Pt H2EAg0] ¥
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EO Tu4 S Aot 9 EHA R 0.7~53.3%7F
A 7R S Aol = oFd 23.4%, T2 53.3%,
7FEE 21.3%7F S7HaL, AEEeiAe okl 24%, T
0.7%, FV=% 29.9%7} Z7HEih.

PAHs®| &% W3l Table 73 2ol &8 A oA
457 7713859 FFE 1,465 pg kg'old oy He
EAo)7k AAstar wjdg FHEME 731 ug kg2
A 501%7F ek dEEEAE 2249 ug kg'ellA
1,423 pg kg' O & 36.6%7F gk F Fie SA
A Aol ARl FallEo] Fkol Aojul frlshgtas
Acenaphthene, Fluorene, Phenanthrene, Anthracene®
4500 Wit Ao o] A 5ol FFEo] ko] Wolxl
f713F+H22 Benzo(a)anthracene, Benzo(b)fluoroanthene,
Benzo(a)pyrene, Benzo(gh,i)perylene® = 473l Nam
et al. (2002) -Fejyet srEElAe] & PAHs ol
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