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ABSTRACT

The effects of the processing mixture of food wastes and various organic wastes when
vermicomposted on earthworm (Eisenia foefida) growth, the cast production amounts and the
chemical properties of casts were evaluated. The substrates used in this experiments were cow
manure, pig manure sludge, fermented pig manure with sawdust, nightsoil sludge, and sewage
sludge and were respectively mixed with food wastes at a ratios of 50:50(v/v). The control
consisted of food wastes alone without other wastes. All of earthworm died in the food wastes
100%, therefore the process of food wastes alone by vermicomposting was impossible in this
experiment. Worm cast produced sufficiently contained quantities of available phosphorus,
exchangeable potassium, exchangeable magnesium, and cation exchange capacity. The increase
of earthworm's biomass occured on the mixtures of food wastes and cow manure, fermented pig
manure with sawdust. Dry weight of worm cast was the highest on the mixtures of food wastes
and fermented pig manure with sawdust and the proportion of cast weight after vermicomposting
was significantly the highest on the mixtures of food wastes and cow manure (p<0.05). Also, the
mixtures of food wastes and cow manure, and fermented pig manure with sawdust showed a
positive values of conversion rate and conversion efficiency rate of organic matter to earthworm
tissue than that of other treatments.

These results suggested that cow manure and fermented pig manure with sawdust are adequate

to process with food wastes by vermicomposting.
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Reduction rate=

Mineralization rate(%) =

Conversion rate(%) =

volatile solids content(mg)
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<100

7 v 7
volatile solids content(mg) *100

%100

volatile solids content(mg)

Conversion efficiency(%) = %100

volatile solids content veduced by earthworm(mg)
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[Table 1] The Physicochemical Characteristics of the Mixtures of Food Wastes and Various
Organic Wastes Before Vermicomposting

Treatment pH TS(%) VS(%) FS(%) TN (%) C/N ratio EC(mS/cm)
FW+CM 7.5 29.6 59.8 40.2 2.45 19.5 13.1
FW+PS 6.6 33.5 60.0 40.0 3.97 6.6 16.6
FW+PM 7.0 43.1 50.0 50.0 1.85 15.7 8.0
FW+NS 6.4 37.5 69.2 30.8 3.61 5.0 10.2
FW+SS 6.3 34.3 73.8 26.2 4.42 3.4 18.5

FW 6.7 38.9 55.4 44.6 2.92 8.9 60.0

FW : food wastes, CM: cow manure, PS: pig manure sludge, PM: fermented pig manure with
sawdust, NS: nightsoil sludge and SS: sewage sludge

TS : total solids, VS: volatile solids(TS—FS), FS: fixed solids(TS—VS), TN: total nitrogen. C/N ratio:
carbon/nitrogen ratio and EC: electrolytic conductivity

J.ofKORRA, Vol.13,No.3,2005
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[Table2] The Heavy Metal Contents of Various Organic Wastes Befere Vermicomposting

Organic wastes As(ppm) Cd(ppm) Cr(ppm) Cu(ppm) Pb(ppm) Ha(ppm)
FwW 0.255 0.114 0.951 4.852 1.526 ND
CM 1.742 0.280 18.034 10.645 8.245 0.040
PS 0.466 0.511 0.573 806.398 0.733 0.038
PM 1.257 1.173 25.875 161.042 39.485 0.101
NS 2.771 1.652 26.419 286.174 57.310 2.121
SS 2.887 1.297 22.575 286.045 24.082 1.643
KsL" 50 5 300 300 150 2

W : food wastes, CM: cow manure, PS: pig manure sludge, PM:

fermented pig manure with

sawdust, NS: night soil and SS: sewage sludge

YKSL: Korean standard limits, ND: not detected

#71EAH3), AI3E, A3 5, 2005
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[Table 3] The Values on the Measured Growth Characteristics of the Earthworm in  Mixtures
of Food Wastes and Organic Wastes After Vermicomposting

Treatemtent SR(%) FW;(mg) FWa(mg) IR(mg/hr) NC CW(g) RM(g)  CW(%)

FW+CM 45.0 249.6 401.8 0.23 13.3 66.8 143.1 31.8
FW+PS 21.7 251.5 226.8 —0.04 0.0 65.5 163.3 28.6
FW+PM 51.7 251.3 305.0 0.08 0.7 73.5 197.7 27.1
FW+NS 18.3 249.3 168.1 -0.12 2.7 65.5 179.4 26.7
FW+SS 38.3 250.4 236.7 —-0.02 0.3 66.0 166.2 28.4
FW 0.0 250.6 0.0 0.00 0.0 64.8 196.2 24.8
LSD(p<0.05) NS NS 138.9 0.25 NS 6.7 6.9 2.7

NS : non-—significant, SR: survival rate, FW;: mean fresh weight of adult worm at initial time, FWa.:
mean fresh weight of adult worm at final time, IR: increasing rate of adult
worm (FWo—FW;)/to—t1), NC: number of cocoons, CW: dry weight of worm casts(g. <2.0mm),
CW(%): ratios of worm casts and RM: dry weight of residual matters(g. »2.0mm)

WHE H|goE= FW+CM #2777} 31.8%% o} A7 F Aol A& FT7HE, Hol T2 &
= AR} f-olsH =9kth 718 A, T8k, A AR fU)1E A
ZHAFFRM) 2 AEE0] AAEA okl 32 g 9 A aE-S vERA Zlo] [Table 4l]th

& 2287] 100% A2)7-FEW) 2F FW+PM % 2]+ Aol HE F7FRFIW) 2 FW+CM A2+
7 o Aol wmiste]  felebAl Wk, 7} 15.39mg &2 FW+PM *&]7"2] 2.67mg k.
FW+CM A 2|57} f2l8HA] 2] ick o} oF 6.58) S71E AR FWANS A2t A=
—19.95mgev FHAE vk A7IRE 52 /7]
33 X|Ho|e| HEEIIE, wIIE HLE, = A& RD) #7135 MR > FW+CM A
Frl8le, M =Ee=z9 77| HME 277} ke ARt folshA Eokth A9go)

= % Mat 52 A 2HORS] fr]E HMIECR I Ata

[Table 4] The Values of Increased dry Weight of Earthworm(IW), Reduction Rate of Organic
Matter, Mineralization Rate, and Conversion Rate(CR) and Conversion
Efficiency(CE) of Organic Matter to Earthworm Tissue in Mixtures of Food Wastes
and Various Organic Wastes During the Experimental Periods

Treatment IW(mg) RD(%) MR (%) CR(%) CE(%)
FW+CM 15.39 16.40 10.82 1.48 2.84
FW+PS —3.08 6.50 4.77 -0.11 -0.41
FW+PM 2.67 9.88 410 0.57 2.28
FW+NS —-19.95 8.83 7.47 -0.23 —0.61
FW+SS —3.83 9.64 7.84 —0.09 —0.03

LSD(p=0.05) 27.47 0.96 0.96 NS NS

NS : non—significant difference at the 5% level

IW : increased dry weight of earthworm(DW.—DW;), RD : reduction rate of organic matter during the
experimental period, MR : mineralization rate of organic matter during the experimental periods,
CR : conversion rate of organic matter to earthworm tissue and CE : conversion efficiency of
organic matter to earthworm tissue

J.ofKORRA, Vol.13,No.3,2005



58 o] H

ol
oy,
jul

&

(CE)& FW+CM¥} FW+PM A2 Felxs &7}
FH AT ZD, TS A TFrellM = s Tk

AL 298 Avp= [Table 519 2tk
2ol A
6.6—7.89] WM& vreRo] A3 e] pH ghect
oA, AVIHMEE(EC) & FWHNS Al
= Alget BE Al el TAaEth 47188
Z(OM) 2 BE g ellA 35.5-50.1%2] B9
= YehiglEd], FM+CM 22l A8 d Rt
T 38.8% AT A HAFTHF(TN)
FW+PSe} FW+SS A&|7ellA 717} 2.53%9}
2.38%% O9E  AFelAE
1.87—1.03% “==°]3]tk

2 &(C/N)S FW+PM Agl77 7P =2
36.45 YERIRIAL, FW+PSe FW+SSA 2|7
A= 742 11.48)F 11.30% 7P wotth a9l
2raEEe FW4PM %2771 662ppm2 LFER] o]
7P sANE 0 qEe] AEFrellAE
1,265—-1,562ppm2] He1E HERASIT

O H A5 (CEC) 2 FWHCM A2 41.86,
FW+PS A2]7¢ 37.89, FW+PM Ag79
290.02 <% ¥ty FW+HNSE 7pg e

AN,

17.285 UYERNICE X3 ol RS
FW+HNS 2|7l 2, FW+PS HgTelx 2

2], FW+CM A2l 7-ollA] vzl o] =39k

4. 1 &

2= 27 e £33 7t 7 sk 17148 A
tpesEARE el A falst s = T
L e 57T HobA AdEke] A=) Wi
=

Tl FE 77143 AHdE AF-g-str] Slsl
A el dist ASAMazrt QPR ot
of 3ta1, HFrkER! 1Y F55 557 88
TAX RO SolA X187 SRR 2 GiA &8
= = Qlojof ghrh= 27do] st

25 2718 A7 AHHS £, HarA
Z|=olef| gJste] Euls) & A-¢, olsled el i
I3 8l S TS SIAAIA AFolo] A
o] 7Fsst Holz o] o] 7hsslal, =59
AEA 55 F3lo] FHE F9o TF5%5 IS
3] G-3HAIR] o]stR W 5= Qo] Theket {7149 A}
2] A7} 7Fsaickar Aoy 090,

32 o rlo

2 Aol TR F71d A T S5 F
e EdlTable 2], M EuA9] F23w2

2.121ppm, & &v1A ] F-218=-2 806.4ppm
< Uehlo] FAke EH] 9] 22 S8-1AA

[Table 5] Chemical Properties of Worm Casts in  Mixtures of Food Wastes and Various
Organic Wastes After Vermicomposting
E® OM TN C/N Av. PO CEC Exch bl cations
V. P20Os xchangeable  (omol*/kg)
Treatement P (mS/cm) (%) (%) ratio (mg/kg) (cmol™/kg) Ca™ K*il\/lgﬁ
g
FW+CM 7.8 8.9 36.6 1.41 26.0 1265.3 41.86 1.80 14.40 7.00
FW+PS 7.2 12.8 50.1 2.53 11.4 1562.0 37.89 6.50 23.30 4.73
FW+PM 7.3 7.0 35.5 1.03 36.4 662.0 29.02 3.90 5.60 6.90
FW+NS 6.6 11.0 48.2 1.87 16.4 1274.0 17.28 8.90 8.40 4.53
FW+SS 7.2 14.0 53.4 2.38 11.3 1421.0 18.88 6.30 9.30 4.63

EC : electrolytic conductivity, OM :

organic matter, TN : total nitrogen, C/N carbon/nitrogen ratio,

Av. P,Os : available phosphorus and CEC: cation exchange capacity

#71EAH3), AI3E, A3 5, 2005



1 2.0ppm¥ 78] (Cw) 2] 38112191 300ppm
& ZAslAR”, A LA 9} sl el 9]
SIS 58 AR e AL 2 w2 TR
FHEHFg. 2. 53] =2 el TEdEe]
w2 212 K9] SART AbRolgaae] /A
AR A7 et eass 94 29
FEOE Foluo] Auelr T3] o8]
Aol e o] wEo|tHY,
o] AR TR A1"ole] 5S4
AN, FAEES AT, A

12 e A e HF
Pl

< o

W 3tA) 7= G v,

B Ao FW4PS, FW+PM, FW4+NS,
FW+SS 2] ellr SAlE5w e GEFr Z9d
e =8 EuX), Fida =5 QR &YA, &
T EHA M Fad o] =3kal, C/NEo] 4
U A wekom A7AEE(EC) o gho] oba
Aol Al e}t A FAaEe] AskE %
331 7] wiFoletar ek tiTable 1, 2, 3.

B3] 241E 2d7] 100% HET-EW) A A
8o AAFEA L AL WM EETF A A
Al =2 7H60)S HERSY] wiEo = Azt
[Table 1]. o]¢} ¥=3le] Kaplan 5 (1980)>
wo]o] A7|HAEE7) 1.5-3 mS/cme] WY uf,
Eisenia foetida &lX ABAlE2] S717F A=)
a1 31331, Rivero—Hernandes(1991)+& #17]
HAEo] thst xo]e] A2 0.75—15mS/cm
o] Welehar slgirk w3 WA E gholl JES
| X|&= G55 Eisenia foetida =] A& 7}
58 0.5% nWiRl 22 wejshd, SA41E Ay
719] T AERrhs tE 4714 AHdde] £
A 2lE Fste] A7l 2] e duke wo]z7io]
HAedhh= ZE oulsith. & A Ay
FW+CM¥} FW+PM A &]7-ollA] /A & Ht A
A FEWy), TAHEE, Ao A 22 072 {7
= A%E 9 d3kgso] FopTable 3, 4], 7}
5 o] U 714 AR 215 227 eke]
Aol duke- {71 Aol sivkar Azt
71 B Foll A% FWACM A7 g, et
AR T, SAGSE 9 WX HTable 3, HRIE

Vermicomposting®l] &3t 5418 287]¢] A]z] 59

HlE, A 2H o290 f7)E g 2 Aol
FW+PM X2]7xrt ZobX[Table 4], &21&2~
A7) 2ke] E5A ] Aol 93te] FElE wRE
o it Aol dSEvHTable 3, 4] ©]
(1995) = 2] Z73t ehalg 271(25) oAl A
Fo)o] AFo] FRE Y BE T S8
3 3Ry 28Y Edwards (1988) &= o2 714
715 5 A|Fo] Hlo] 2 o] 839lS Wl =i,
o] =02 Aol Ht MMAlTo] STHEATL
31993, Gunadi 5(2002) % A|#ole] ZA|=kw}
SASTE Eio] $EH A ik S
2 A3l FW+PMAE]77}F FM+CM A 275,
o AEE, SAE, SAEE(EEP $id A
TEIES A% w0 3] Hok F 1

FHFES) o] ok v

ST

ey BHE AR FWHPM 2257 o
2 AT fo8A EekisdTable 3], ©)
= Holxge] £& A, Al 2HoR {715
A& HEago] ZobA SAKES} THES
o] FoRA|A|RE, Holzzio] W A-olli= ERHIE
Arkgo] ST vHE o] 5(1992) ¥ ©](1995) 2
A7Aaele Ax gt Yzt web HE
AREQl AR 9] 3} o= FW+CM #2157}
FWH+PMA 7RG A Aishey faclareds
9 CEC7} 5=9ka1, C/NE©] Yrolr] =gz
A9 AR =8 Ao gk

wbA] 2w 2V E v f71 Ak =
& AT A, AR T25 T E2 78

[e]
o] gefo] Aol AEEI HFAER] B
.

2o f71E AR ES TTMA, TAEE, T4
FES Fojof s, ARE HFAHERQD HHET}
87 FAANEA bAsHA o] 84 = 9l ol3)

2 B4 A5 fIsk Hol2] A E3nE2

2 g sjria Az,

J.ofKORRA, Vol.13,No.3,2005



2 ARE SAE2EY 8 e 714 AR
Egx]2]7} x|¥o] (Eisenia foetida) 2] 453 &
HE Yrkg, ERES] 5184 SAl n]x]= &k
= ZARste] Aol &gt Sl 2u7]2 H]
3} 7hs A A ESIITh

2 Ao FAISE = S A= TP <l
SR o] Fola] FAHE Hule] F
< 3] AR Hr} Foba A o] Hof= gtk

=245 2#7] 100% AHE]Fexs A7 s %
Zrol 60°% XA oba] A|Fo]2] BEEO]
QU= A &Skt

BE A TelA e faeiE e
5, X3 Fol& o] Sk iTh

SAE2H 7|8} 71 (9 =) 9] &35t
e rellA Aol A, SAEGE, Al 220
2O f7E AgHE 9 dEasol H3uth

HHE AYAFEe: S48 227
o] &3 A qrollA] W3k, FHE H|S-2 23
o] &3t ATl A f-olshAl =3kt

25 279 7 e =3 A
Zggolel &gt En|glel] &840 AR,

e EFATE Hol2A 9] AT g

agol o %%

ol M

R =

ol
ﬂF

o

2

AFAE

= A= 200195 AME . viX] gl
28] Arlef] gJato] =ik

This study was conducted by the grant of
Maegi Institute of Academic Research, Yonsei

University in fiscal year 2001

I3
i
o

]
L REE A)e WAE “SAEAA7 1k

7)ol oja) A HHle) eHa AR, 3
ZRAAAALSEA, 30, . B2
(19%).

#71EAH3), AI3E, A3 5, 2005

10.

11.

12.

13.

SENTA. METETE N, ENEA

1A, A 2002293 (2002).

FTENEH. 0039E EEE 2AH |
3 (2004).
vtH gl o]FAk “Vermicomposting®ll  &]3+

FI=HCde AEFH =, d=77139HA
A3}z 7), 5(2), pp. 39745 (1997).
8 AAT “SAE 28] FHH]

3] bulking agent®] A HrF AA

A%,

ek AP, SRV HAIEE A 2(D),
pp. 75786 (1994).

o] gAl o]F4L xF kg, <l9S A
W, “Vermicomposting®l] 2]3F &4HARE2]
A=, FERTIEREEA, 84,
1017109 (1999).
o]F4k 2% AAE “AlA sludgest F
o EgHlgo] B2 AHolo ST £HY
3sta Aol nxl= F&F, =7 E5HS
Z], 9(2), pp. 19726 (1992).
o]F4k  “Vermicompostingell o]k &2
2" -Holo] gEET ASUETT AR o)
ST BPALL v GEF—, Ak
A3733Es]=], 1(1), pp. 66775 (1995).
o]k o]F& “ Vermicomposting®l] 2]
g B SUAY A, =-R7) 8 HA
8}3)%], 4(2), pp. 35745 (1996).
o|F4k olHel “A|Folol ALF EHALL
< 9% <1 AFo) HRHFF T, g

FAHAALEE X, 104), pp. 6102
(2002).

o] o]F% “Plant growth media®A]
A&o] &Ho] orchardgrass®] A5l

He 9, IHH715dIdIA], 72), pp
1797188 (1999).
QB[] ol mESE “Fu £

=384 UNDP 374 s/, 5



14.

15.

16.

17.

18.

19.

20.

21.

A7 IEd FETF FASEARY, pp.
517108 (2003).

AT 3F. “S2E27)9 EH|se] &
3 7|2A A7, R HAEE R
4(2), pp. 19725 (19%).

AR 029E [ Hr)E S 2 A
&3}, (2003).

Bernal, M. P, Roig, A, lLax, A and

Navarro, A. F., “Effects of the
application of pig slury on some
physico—chemical and physical
properties of calcareous soils”, Biores.

Technol., 42, pp. 2337239 (1992).

Butt, K R, “Utilization of solid paper
mill sludge and spent brewery yeast
feed

Biores.

soil-dwelling
Technol.,, 44, pp.

as a for
earthworms”

1057107 (1993).
Devliegher, W. and Vertraete, E., “The

effect of Lumbricus terrestris on soil in

relation to plant growth: Effect of
nutrient—enrichment processes(NEP)
and gut—associated processes(GAP)”
Soil Biol. & Biochem, 29(3/4), pp.
3417346 (1997).

Cromwell, G. L., Stahly, T. S. and
Monegue, H. J., “Effect of source and
level of copper on performance and

in weanling pigs’
67, pp. 299673002

liver copper stores
J. of Anim. Sci,
(19%9).

Edwards, C. A., Burrows, I, Flectche,
K E and Jones, B. A, “The use of
earthworms for composting farm
In Composting of Agricultural
and Other Wastes, (ed) by J. K R
Grasser. Amsterdam, PD.
2297242 (19%5).

Edwards, C. A. “Breakdown of animal,

industrial

”
wastes

Elsevier,

vegetable and organic

Vermicomposting®l] &3+ 5415 28719 2] 61

22.

26.

wastes by earthworms” In Earthworm
in Waste and Environmental
Management(eds.) by C. A. Edwards
and E. F. Nehauser. SPB Academic
Publishing, The Netherlands, Pp.
21731 (1983).

Edwards, C. A. and Bohlen, P. ],

“Biology and ecology of earthworms”
Chapman and Hall, 2-6 Boundary
Row, London SE1 8HN, UK, (1996).

Edwards, C., “Breakdown of animal,
vegetable and industrial organic
In Earthworm
environmental
C. A Edwards
SPB  Academic
The

wastes by earthworms”
in waste and
management ed. by

and E. F. Neuhauser,
Publishing, The Hague,
Netherlands pp. 21731 (193%).

Edwards, C. A. “The use of earthworms
in the breakdown and management of
wastes” In Earthworm
by C. A. Edwards.

LLC, Florida,

organic
Ecology(ed.)
CRC  Press
(1998).
Ferruzi, C, “Mannual de Lombricultura”
Ed. Mundiprensa, Madrid (19%6).

Friedmann, A. A,  “Fundamental
needs the engineer’s
point of view” In Utlization of Soil
Sludge
(ed.) by R. Hartenstein,
Inf. Services, PB 286932.
Virginia, pp. 9725 (1978).
Gunadi, B.,, Edwards,
Blount, V. C, “The
different  moisture  levels
growth, fecundity and
Eisenia foetida(Savigny)

pp.
327-3A4

research from
Management
Natl. Tech.

Springfield,

Organisms n

C. A and
influence  of
the

survival — of

on

and
Soil

in cattle
pig manure solids. European J. of
Biol.,, 39, pp. 19724 (2002).

J.ofKORRA, Vol.13,No.3,2005



62 o7t 7 Pud

30.

31

32.

Hand, P, Hayes, W. A., Frankland, J.
C. and Satchell, J. E, “The
vermicomposting of slurry”
Pedobiologia, 31, pp. 1997209 (198R).

Harris, G. D., Platt, W. L. and Price,
B. C,
community”
(1990)
Hartenstein, R., Nehauser, E. F. and
Narahara, A., “Effects of the heavy
metal and other additives
to activated sludge on
Eisenia foetida” J.
10, pp. 3727376 (1981).
Kaplan, D. L., Hartenstein,
Malecki,

CoOwW

in a rural
48751

“Vermicomposting
BioCycle, 31, pp.

elemental
grown of
of Environ. Qual.,
E. F,

Neuhauser and M. R,

“Physicochemical requirements in the
environment of the earthworm Eisenia
foetida” Soil Biol. & Biochem.,, 12(4),
pp. 3477352 (1980).

Logsdon, G., “Worldwide progress in
vermicomposting”  BioCycle, 35,  pp.
63765 (1994).C

Malecki, M. R, Neuhauser, E. F. and
Loher, R. C, “The effect of metals on
the growth and reproduction of Eisenia
foetida(Oligochaeta, Lumbricidae).
Pedobiologia, 24, pp. 1297137 (1982).
Morgan, J. E. and Morgan, A. ],
“Earthworms as biological monitors of
the Cadmium, Copper, lLead and Zinc
in  metalliferous Environmental
Pollution, 54, pp. 1237138 (198R).

soils”

Neuhauser, E, F., Loehr, R. C. and
Malecki, M. R. “The potential of
earthworm for managing sewage

#71EAH3), AI3E, A3 5, 2005

37.

39.

sludge” In Earthworm and Waste
Management. (eds.) by C. A. Edwards
and E. F. Neuhauser., SPB Academic
Publishing, The Netherlands, pD.
9720 (1939).

Raymond, C. L, Martin, Jr, J. H
and Neuhauser, E. F., “Stabilization
of liquid municipal sludge  using
earthworms” In Earthworms in Waste

and  Environmental = Management(eds.)
by C. A Edwards and E. F.
Neuhauser. SPB  Academic  Publishing,
The Netherlands, pp. 957110 (1988).
Rivero-Hernandez, R.,
pH on the
foetida” Advan.
31(5), pp. 2157217 (1991).

Tomati, U, Grapelli, A. and Galli E,
“The presence of growth regulators in
earthworm-worked ~ wastes” In  On
Earthworm, (eds.) by A. M. Bonvicini
Pagliai & P.  Omodeo,  Selected
Symposia and Monographs UZIL, 2
Mucchi, Modena, pp. 4237435 (1937).
Rhee, J. A,

contamination

“Influence  of
Fisenia
Anim,,

production  of

Aliment.

van “Copper

effects on earthworms
by disposal of pig waste in pastures”
In Progress in Soil Aoology(ed.) by J.
Vanek, Proc. 5th Intl. Coolog. Soil
Zool., Pragues, pp. 4517457 (1975).
S. H and Griffiths,

“Vermicomposting in the

D. A,

management

‘Wong,

of pig waste in Hong Kong” World J.
of Micro. Biotech., 7(6), pp. 59375%
(1991).



