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ACFEL] pH AR AR BE /N s SEYGSE SR, e 06 Ab 220 9 L 556 (EC) RV fPE A LB (DOC) B 25 1 T BT, Wi A8 AL (OM) i 25415 - B 4.
SEBSHT 30 d, Ml AL FRZ] MBC {3 i F X IR AL 40 d ESCIRAE A, s 51 Kb 320 MBC 8 I8 F X B 4. DHA (1925 5 3R W1, e | b B2 R ) R 20 7
T30 d I3 W25 40 d 54 AL B4 A9 DHA 8% T X R 40, DHA 5B 7F 2.98~6.40 mg-g™'-h™'( LA TPF 1) . AH /0 M 0, DHA |
MBC 1 OM 2 [] 58 35 1EAH G WFFT R W, Heh b 5] 76 S 90 AT W 5 4R T T R M RUE W s, InbRes Ve A HLITT R R fige , AT 205 3907 9 i =
Yyt R PR, B & AR e

SRR 15 U8 ; Ml 5 Gl Wik M S

X EHE :0253-2468(2015) 01-252-05 FESES X703 XEKARIRAD ;A

Effects of earthworms on the microbial biomass carbon and dehydrogenase
activity in decomposition treatment of sewage sludge
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Abstract; This study investigated the effects of earthworms on changes of microbial biomass carbon ( MBC) and dehydrogenase activity ( DHA ) in the
sewage sludge at the different stages during the 60-day decomposition experiments through analyzing physicochemical properties, especially changes of MBC
and DHA in the comparison between two groups of sludge-with and without addition of earthworms. The dewatering sludge with 80.6% water content was
regulated into 5 mm particles for the study while the species of earthworms Eisenia foetida were chosen for the experiments. The results indicated that the
sludge with earthworms showed less variation of pH values, significantly higher electrical conductivity( EC) and dissolved organic carbon ( DOC) at the
end of experiments, but only organic matter( OM ) was apparently lower than the compared sludge without earthworms. However, higher values of MBC
were found in sludge with earthworms during the first 30 days, then much less than in sludge without earthworms from 40 days until finishing the
experiments. The analytical results of DHA proved that there was no big difference between the two groups of sludge during the first 30 days. Nevertheless,
DHA value in sludge with earthworms appeared to be stable with 2.98 ~6.40 mg (TPF)-g™'+h™! after 40 day treatment, which was obviously lower than in
sludge without earthworms. In addition,the correlation analysis evidenced that significantly positive relationships existed for DHA, MBC and OM in the
decomposition treatment. This study verified that the presence of earthworms could stimulate the microbial numbers at the beginning of vermicomposting
and accelerate the degradation of organic materials in sewage sludge treatment. As a result, the final products became more stable with relatively lower
values of both MBC and DHA.
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1 5|5 (Introduction)

WS U8 R A LRy T R AR T
15U A WA AR SR A ) B R L 2R
S, A 0 2 ek R L A SRS AR Bl
PR B 5 P 5 8 P BB W DA S TR A AR A R R
BBE AR B BRI o R A DL TR L A
STCHL R TIRE (5K A 785 ,2000) A5 TR K S
WA IR R A T AR, SR E R ) 5 b R,
AL T IR IOIRZS (94245, 2001) AU =)
PRI R, Tl A= 0 AR B B R AR, R BT
Tetese M2z TR A R I W 2 S Ak R % R
AR TS B AT DR I K 5 DR SRR bR
AR R SR T5 Je b FRAL B OCTE I N 2 —.

WEAGITE [ SR B B0 BA 2o A v i AR 2
TN FEREAEAS T VA L e Ak g A= T )
FHEAT ALY, 84 I AR P 3% A4 R R ot A1) A R
(Hickman et al.,2008;Sen et al.,2009) . WF5¢F£ W,
WeI5) 5 A W ) B T A AT s A AL Y O3 A
(Dominguez et al.,2013; Suthar, 2009; Gupta et al.,
2008 ; Sangwan et al.,2008; Aira et al.,2002 ) . AR 4 i
W51 A AR TG 2T HE RN AR S AL, 25 B 15 K AR B T2 RS e
FF KM 51 A T5 K AL BE T RS, H AT E Ak
FASE W58 1) B4 45 2 — (Zhao et al., 2010, 5 1§ %,
2007 ; 2 P4, 2013) WS R B, M5l 245 75 e Ak B
PR 23 WE A TG e AL BT, X R e Ab B R G
TbRys U8 B i B A A SR VE T (BR 2% R 5%, 2010a;
2010b;2010¢ ) . B IR AL W R 15 PR it 19 S i 5, (HL
e 44 T e, A A ) W B, e R )
RGN BRI, 8 3R 3 Fhbie 151 )5 75 D it 2
PAH A BT B LT DL B AR F %
IFFE M 5105 5 98 G 2B i S s PR R S, & TE
PRF L T b i A WV FH B AL B 2 2 i 45 4cb 311
VR py &S5t 32 7t S 1

2 ##l5 A% (Materials and methods)

2.1 SERAMH

S P AR -2 IS ( Eisenia foetida ) 5250 %
B 5 e B 22 N T -E s K A E R K
15U B LTS PR 5 mm RIS A EURL TS U8, VR A S
ISR I5 IR &K E N 80.62%+0.01% ,pH=6.77+
0.01,H S % (EC) M (573.00£8.49) uS-cem ™", A HL
JE(OM) A 71.2% +7.7% , % i P 45 HLA%R ( DOC) Ay

(16.69+0.16) mg- g™, BA& (TN) K (51.7+1.6)
mg-g”',C/N N 6.20+0.03, {4 ¥ £ (MBC) Ny
(105.60 +1.66) mg - ™', it %0 B % ¥4 ( DHA) H
(314.60+18.40)mg-g -h™'( L) TPF i1).

SEERH 6 AN i fE , RT A 36 emx 12 em, B
A ER TN 4 kg BORLTE .3 4K FE L AS G 0 e
51,3 A~ iz | A 3520 rp £ 100 45 Bl W), R SR EE 2N
1.0 g 0 #1785 SRR R0, VR (578 o5 W '
AN AR RN T ) 1 RSB E R
(25+1) °C .S 1T 60 d, 45 10 d BURESEAT10 & .
— R4 R B BRI % OM ,MBC A1 DHA , 55 X
—HBAr AT BB 3 100 H 5 I BRALFE R.
2.2 WEF &

pH . EC #JB/K 11X 50: 1 (mL/g) VA, % 1 4%
F£0.5 h, B.OWC B pH BRI f S R A
FE; OM KRB (550 °C,5 h) il %E ; DOC R %
MR - AR R A A5 i1 (B AN, 2000 ) T 22 s MBC. il 5
27 B ZE PR -5 1 3 A ik (2R 427K 45 ,2006) , T
InUASCE 7 22z b PRATH 75 e 1) 84— B 4i /N
Ki; DHA 2% TTC iR J5vk (T 4255 2004 ) 4700 E .
2.3 HAEAE

BRI HTR ] SPSS 17.0 it 4k, @it T4
55 3 A AN [l A B f 25 S, O AT A T A AH G
PESAT, B3 P R p<0.05.

3 R 5138 (Results and discussion)

3.1 BEAMERHEL

TEEAS 5286 1k A2 AP i 48] b B 2 5 % B 4 1Y
pH EC ,OM .DOC Rt} [ A2 ALt & 1 7. 52 50 Hif
20 d, i 45| Zb PRZH 5 X BRZH Y pH (EC .OM 300 i 3%
255 (p>0.05),20 d J5 2 B FE 2 5 (p<0.05). HE
la AJA W, pH B20ETE 7 A2 47, Wi 5] A B2 Le X fE 24
pH ZE Ak /)N | 2 B e | (b B ZH V5 8 P I HLIR 5
AL AE FH 0 RE ) 5 5m (4F [ 2% %%, 2000 Lazcano
et al.,2008 ; Fernandez-Gomez et al.,2010b) . 3& i 1t
W R BB SR e RN AR R 1 pHL, pHL AR Ak
SN A R B R T 7 A I R . R
PR3 pH R0 B2 8N R A= P i A R LR
/b BT R T W o AR i T B e T 1
AR A K5 Je AU A AR o R R A AT
Ve R T KBS 2 A S ER85E v, R I o 55 56 V75 Ve 365 A
(295 mm) K3 I{5 Ué 2 K 52 i i AR 3 5 B
H BHIE PR UE S5y A 28 HP A0 (L 2 0 8 it aod 722 T30
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¥

Ui PTG Je ik I 22, PRIk, AR 7 P AR R R
218 X T REAE 20 d Ji5 pH A R AL JE AL & 1b
rufe ] b B 20 A X BRZH B EC &, U B 5 0 = 5
REHRE B T5 Ve Ak 3 2R ( Suthar et al.,2008). & 1c 3
W, w51 AT I OML Y B A | i 5] 5 1l A 4 1 ) 4
BCRAR T A Wy s /E . B & 1d AT S 20 d

Wi A B2 DOC /DT XA HE W H 27 (p<
0.05),40~60 d #ir M54 B4 DOC KT X R4 H &
T2 —o— XJHR4 . .
7 —a— YA ERAL
7.0
6.9
&,
6.8 J
6.7
6.6
6.5
6.4 1 | | | | |
0 10 20 30 40 50 60
t/d
75% - ¢
—o— AT R4
70% —E— BT b A
65% [~
g 60%
55%
50% -
45% | l 1 l 1 J
0 10 20 30 40 50 60

t/d

25 (p<0.05) . FH T DOC FAEHA=H 5 I FH K
AWk, LE R S5MAEYE REHEAEVXR (D
ZRAE,2011) T s A BEZH DOC K] 82 K A ik
a1 B R A E T A B A3 K (Aira et al.
2007 ; Brown et al. ,2000) , T JiNER T % DOC 1) F]
FH .10 5 47 45140 BRZH DOC %58 5 ml RE YR [ i 5145 2
X AR P I BR ], 98/ T % DOC I H.

2500 b.
—o— AHRA .
2000 — —B— LA FELH
& 1500
S
= 1000
5001
0 ] 1 ] 1 1 ]

t/d

TCD
&0
=)
S 1nE —o— XfE4
o
a —8— B AbFE4H
8
5 1 l 1 1 1 J
0 10 20 30 40 50 60

t/d

El1 pH.EC.OM.DOC KRt B AL (  FRARTELE I ) e 51 b B AT IR AL =2 ()4 2 3% 22 5% (p<0.05) , T IA])
Fig.1 Changes of pH,EC,OM and DOC during vermicomposting process

3.2 48| % MBC #1 DHA % ¥

MBC J2 [ WL UAE 4 i K/ N E B AR A (5K 5 5%
45,2000) . [&] 2a il d5] 4 BRZ FTXT BEZH MBC ¥4 2
KEH R /N Ea #5710 d Z8FREIZ, 10 d A A
XPV-28. MBC 45 22 [ A 2% I 1 A= 0 503 7 A BT U
A B — 5 T TS R DTE MK G, AR
YA T N RT3 5 55 — 5 T, TR B K 75 Je B0k %
T B (R 7K I v, 8 BLA I R A SR e k22, (B
SR T HF S /D, TR PR 2R BRI T A e
K 1 R MBC AW

Kl 2a 278,17 30 d M| b BELH MBC W% & T
YRR (p<0.05), Z )5 X EHM T X B4l (p<
0.05) ,Fa5ETE 4.45~6.49 mg-g ' Z[0]. 3% Al fE & A
Sy AT e | 285 R HE itk 4 %ok A 0 T S A AR
HET A B (Aira et al.,2007) ; 11 )5 WIBE &
B IR TR AN s /L e ] BRCE A AR 3

M5 b FEZH MBC 5 2K T X iR 4 ( Lazcano et al. ,
2008).

JI S — R N, 2 578 P LB R
Ak, HLE R/ INRE 26 1 305 A fl 24 0 0ok 356 I % fi i
(R 55 , T S W T A Bl 2 40 ) T 2 ( Wooliniska et al.
2012 ;Barrena et al., 2008 ; Ji 7 4= 45, 1991 ; ™ & I
85,2007). 1 &l 2b AT & Y, i 5] 4 38 4 5 0 RE 4
DHA A [E f5s /N & $e /i 20 d FREIIE,20 d J5
BTV ,40 d J5 AR E R IOKT, X RS
e K i 0% 98 S 18 ( Fernandez-Gomez et al.,
2010b) ; T DHA £& 7€ 72 BAR K- BE A 75 ¢ Hh 6
AN C B T 30 d i ] Ab B ZH F X BE 40
DHA &, A8 E 25 (p>0.05) ,40 d J5 s kb
FZH DHA &K T4 IR (p<0.05) R 7E 2.98 ~
6.40 mg-g "-h™" (LA TPF 1) 2 []. Aij 3 ke 5] f) 34 1
M T Ay, I T oM [ R, 5 B0
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OM 5 BHHAIR, T DHA H1 OM 775 5 3 IEAH G
PE(p<0.01) (£ 1), {735 ] DHA 4b TR IKF-,
AW INFEE (Fernandez-Gomez et al.,2010a).

120 a

—o— XHRA
—g— S| Ak FHH

100

80~

60 [~

MBC/(mg-g™!)

40 |-

20 -

AN A BFFEIAA DHA BAKE T i 505 E )
A FE A FH IS B AY ( Suthar e al. ,2008) .

—o— X4
—B— B A B4

|5} 13
— =]
T T

DHA/(mg-g "-h™1)
=
T

2 MBC # DHA B EHZE 4L
Fig.2 Changes of MBC and DHA during vermicomposting process

3.3 MBC.DHA .pH .EC.OM . DOC th 4 %* % %
MFE 1 A LLE Y, b 4] Ak FE 25 A %k IR 41 o
MBC .DHA 5 OM 2 #F EAMHL, {55 pH 5 EC Z
[B) JC . & A OE M, R BHI5 U2 OM /& MBC H1 DHA 119
F PR R . py i ] Ak B ZH RN X BE4H MBC . DHA
J OM M AL 2 (] 1e 1 2) #E, S 2B 515 1
OM (1) R fige 62 S LA, e s D00 Jonn e T e fie %)

X5 Sen % (2009 ) ) F e 5] b 3 1 Ml 54
IRFFE 4R — 2. DOC 5 MBC . DHA Z[A] JoAH 3¢
Z, 0] B 5 3 % AN [A] A & (Fernandez-Gomez
et al.,2010b) MEI5| Ak FELZH 5 %F AR 41 MBC 1 DHA
P4 i IR ARG RS e A W i S L M AR A
YK (Sen et al.,2009 ; Lazcano et al.,2008).

F1 FERAFNEEE 40 EH MBC,DHA . pH.EC,OM . DOC # X%

Table 1 Correlation matrices of MBC,DHA , pH,EC,OM, and DOC during vermicomposting process
papitckiel i 5] b B 2H
MBC DHA pH EC oM DOC MBC DHA pH EC oM DOC
MBC 0.960**  0.196  0.463  0.794*  0.223 0.998**  0.368  0.544  0.891** 0.352
DHA  0.960*" 0.030  0.561  0.906**  0.389  0.998 ** 0372 0.569  0.896** 0.383
pH 0196  0.030 0.671  0.281 0742 0368  0.372 0.868* 0.517 0.629
EC 0463  0.561 0.671 -0.802* -0.934"* 0.544  0.569 0.868 * -0.757" -0.812°*
OM  0.794* 0.906** 0218 -0.802" 0.692 0.891** 0.896**  0.517 -0.757* 0.425
DOC 0233 0.389 0.742  -0.934"" 0.692 0352  0.383 0.629 -0.812* 0.425

HE:n=3, = F/RTE 0.05 AP LRFHK, » = FRTE 0.01 K L RFHK.

4 258 ( Conclusions)

JIR K 35 06 1 B fie o e 2 SE i e e ) AR Ak R
FEAME IS T s /MA FR pH AR LR B, in kA L
AR Ak A LR HRZH e 451 4b 35875 6 )5 , MBC AT DHA
25 R e ) 2 R T AR PR R GERT I MBC, i
OM (PR f , 53505 1 MBC 5 DHA #1%, Ab 28
PP IR E

REEEREAN RN T (1959—), B, %K, N F, HEFT H
HE(R)KRLEERRM FTRERCEAS TRENA.
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