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Abstract In order fo Lomprehenslvel\ evaluate the effgeLts of \elm,lpompostmo pﬁompost quality and the Lph\ en;t‘jdn of hedn meie]d s under different control conditions, 109 ptudles
were Bcwewed TH effects Uf'edrthworm species, pre- Lompos,ttu:q.e xent.}mbn methods, initial C/N, initial pHE and initial moisture of the raw materials on compost quahﬁv"'dnd the
hea&y metdl Fpxicity were q\mmltdtlvel discussed dunng thJ v e]‘muombostlig process through Meta-analysis. The restilts showed that the six subgroups of factors all showed obvious
mﬂ_.lu ces qlh the ,Lom_post qual 1t} and,. heavy metal '[(muty Afier verpncorppostmg’, Lb ¢ontents of NO,” N (116 2%), TN (29. 1%)’ TP (31.2%) , and TK (15.0%) were
slgmﬁcantly mcreastytl'\r whereas NH -N (-14.8%) and G[N (-36. %) wem- io

bloavallablll‘h were signifieantly reduced. Considering the influences of groupmg factors on compost quality and heavy metals, it is recommended to adjust the initial moisture of pile

ificantly decreased. Meanwhile, the total amount of Cu and Cr of the final compost and their

materlal?to 70%-80% , CIN to 30-85, and pH to 6-7 and to conduct pre-composting for 0-15 d; additionally, vermicomposting should be naturally placed when the composting is
aimed al promoting the compost quality. If the main purpose is to weaken the perniciousness of heavy metals in the raw material , it is recommended to adjust the initial moisture of the
material to 50%-60%, C/N to less than 30, and pH to 7-8; to conduct no pre-compost; regularly turn the piles; and use the earthworm Eudrilus eugeniae for vermicomposting.

Key words: vermicomposting; Meta-analysis; compost quality; heavy metals; bioavailability
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i C/N iy 28 BE f% A S50 B o M T 1 2 2 A 2
FEG KR AE 60% ~ T0% L BN %, HF¥E

o MCESIRRE TR AL R HOR

65% WL 2 Gl AE ) di Ry 3 B IR K 43 IR
TEME I B 2S v, H T Eisenia fetida F 25 J& ) 3K
W FhZE, MRS T R L AR T A A e
T 2 HENE R B ), O 22 O R AT 1 E Ab
(TC T HE A B 55 50 99) . 8K T 361 44 152 49 1 50 3 JES 7
B S5 f ke 051 M T v R 5 B A AR Y, —
e U PRHE AT J5 AT LA 80T B A 5540 v s T A
A FATE >, T LT DL 2 R
—J5 T, R A E AU NHSF AT RLTE T
JIE B B 4 A, LAk 2D b i ] 1 455 L A 2 O
(BFFEE R 85) HEAT M I 3 ~ 15 d Y TN 5250, LA
T B S ) e W) A A7 1) BR8 A XUT K, i 5

HEREAN TR AL GE AT, i Tl ) A £ 36 sh RS
AT A AT MR AL A A BT ), R EAT i Al

JRURT 80 4 gl A 05 2 Bl 2B 0 1 7 AR %%jz FSNNNE RNl
B AIESE k3 i (F 550 185). n
2.3.2 G PR T X g 0 e AL 2 ﬂﬁ 2

1 3 B 0 K ST i
Setida(—17. 1%)?[157?4%&9[@ (- 188%)2%114117@&
it N R ﬂﬁtﬁﬁeﬂuﬁﬁr{: )i
HEAE O ~ 15 d(+ 23 5%)@@7@‘;&5&1&&&%% N'H4
. T@.ﬂa‘itt}ﬂ "Eﬁﬁ,ﬁtﬁ( 13.4%) B HE ﬁaﬁzW
RGN o VL Nk Fwrmis ek cm’@
pHé:}’éEEFf jﬂﬁﬁéﬁkﬁjam%wo%(ﬂz%%) c/
N %70 ~ 306 168%)$an7@6 7(-38.6%) HE F 5 W
{16 NH, N

[Fi) 34 306 3 I — R ﬂlﬁﬂﬁlfﬁﬂﬂiﬂmﬁﬁ%ﬂ*
NH,'-N 1] NOs =N 8% AL i i A%, DRl Ikt ke 5] 3 S o
NH,'-N & & 8 E K, M NO, -N & & 8 & Wk,
A b R A HE R A S B 3(b) frR i )
HERE 2 J5 (1 NOL =N & it g & 300, 3 ] R 4 O e
Wl g 18 A A T AR TR R TR ARG, R T
A LR S 2B IR R AR NHL-N il 4E
e . e 5] Fofr 25 v 22 b ke 451 3R A HE BB B9 NO,-N 3
MK (156.7%), & T B fili FH Eisenia fetida Mt i)
(61.3%) # Eudrilus eugeniae B (121.9% ) YRR . 7F
UM A R AR 43 20 v, G T IR i 0 N O -N 3 i
(1432%) , H K N0~ 15d(110.5%) F1 15 ~ 65 d
(78.0%). ¥ Uk 5 7K R K 70% ~ 80% (147.1% ) e A 3L
i3 NOs-N & i, HIR K 60% ~ 70%(116.3% ) Fi
50% ~ 60% (104.4% ). & 4% i XUFN 9] b pH 53 20 X e
H| AL Y NOS™-N JE B 25 52 me, (R H v iy | 4Kk A
¥l hh pH A 6 ~ 7 W FH BN T 120.6% Fl 134.0% 1)
NOs-N & & . NH,-N fINOs -N & & i e it nl A F
VA HENE 2 BE 30 3k 8 1140 A7 45 H e 5] e 24 M
) NH, N &5 5 FIAE 0.004 ~ 4.7 g+ kg, S FH{E



51

FURFRAE - JET Meta 43 A B4 0z ] i FES X e AU J5 e 40 o2 4 J 69 52 L2800

3051

1.0 gokg™s i 5] R 2 HE NI 9 NO,-N & 3 [ 7
0.01 ~30.5 g-kg!, F¥HEHEREN2T g-kg!. ZFH T
Frm R 037, /N1, SR E] T ME R A S B
EJ‘EBS].

BEAb, /N A J2 7 f 3 I J65 20 5 AR e M iy —
AN EAE R A 3(e) fR, FEMREIF ST, R
A ke 451 kAT 0T DL G R IR C/N(=54.6% ) , LR 43
J& Perionyx excavatus ( — 46.0%) . Eisenia fetida
(=36.2%) Ml Eudrilus eugeniae ( —23.9% ). T HE I i} ]
FE O ~ 15 d B BEAIG A C/N fie i (-43.4%) , HK 2T
THHERE (=34.29%) Fl 15 ~ 65 d(=25.7%) . £ 3 3 24 )
oM AL BT, AT DA — Sk I A ) A BT R i
2 e W5 AT HE A7 A RE R, BT M M| B A A ML
(33 A AR T R R Y R, e )
HENE B C/N 43 53] 5 35 AR T 38.7% F1 22.3%. 16 H 48
CCE MR, T A AR A sl (MR
Yy Hy AU 4 B AT /NIRRT R

T A B ST A i ) A Y 1 K R AE 70% ~
80% I} C/N [ AR fit K (-45.6%) , HkK K 60% ~ 70%
(=30.1%) F1 50% ~ 60%(-29.8% ), W] HEJ&: 1 T 7E4
Y B KRR A Bl T i ] 3 AR R 5 b HE e 41
HE R ot AR HEAE ) i C/N 7E 30 ~ 85(-45.3%)
M, C/N B FFEAR, HWIE0~30(-272%) ,
Aira ORISR, TERI IR C/N B AE DL R, iz 5]
S BRI A, M A BB N, T RE
W20 A LR, R R 2 HE AT B /N R AR i i
K HEAR AT 4f pH #E 8 ~ O S [ I e 1] HE AL 44.5% Y
C/N, HWRKJE6~7(-343%)F17 ~8(-30.1%), It
A, B 6(d) BoR S0 4h pH A 7.08 15, ix 5] M A 54
JI B TN 850 (8 B /NN 24.5%, H g5 R —%, o]
fiE & pH 1E 6 ~ 8 Z B, e ] A i3l 26 0 A3 25 4 v 1Y)
W, IR T AHLEN R, SEAERRA. A
WL E B G 3 o AT AR BT, B A HE NS C/N B [ Ry
1.1~ 527 28, FHH K138, /H?_i:;g_} I

Gl = D) | W SR 0 E2 7/ B3 TR AN VST 1 B PHESR. |
Eisenia fetida (29) HH (a) NH4*-N | (29) —a— (b) NO;™-N | (111) [ | (c) C/N
BRI Eudrilus eugeniae (9) —— (14) —a— 37) —s—
Perionyx excavatus (4) | EE— ) i (26) —s—
ZHEA (22) = 22) —a— 12)| F—a—-o
FEHHEAE (29) e (35) —a— (75) = .‘
T HE R ) 0~15d (18) = 21 —a— (85) - g
15~65d (21) = (24) —a— (52) =
FidE (4) | —a——1— 4 = (35) —e—
R BARBCE (66) M (76) [ (185) -
#rE R (no) (no) (no)
50~60 (40) HH (53) —=— 39) —a—
K% 60~70 (1) —— ™ - @®1) e
70~80 (15) . (16) —s (56) -
0~30 (48) HH (52) —=— (133) =
BISHCN 30-85(8)|  b—m— (14) —a—| (70 [
6~7(8)| +—=m— (12) i 31 —e—
H4hipH 7~8(5)| F—a———— (%) (55) —=—
8~9(4)| ¢ ! (4) (55) —a—
I (70) e ‘ ) P e ) ,
=70 -10 50 110 =50 50 150 250 350 =70 =50 =30 -10
ARARRL /% AR % AR/ %
T 5 o B F R I FT R, 2R BEFROR 95% B {5 IX ] 5 355 P 9 no R JC X R AF 5T
B3 AEHSEEFINH,-N.NO,-N 1 C/N 2= 4 3 57 #9 % i
Fig. 3 Effects of different grouping factors on the change efficiency of NH,"-N, NO,™-N, and C/N
2.3.3 G2 R 0] i ) HE T B 1) 5 ) TN (31.7%). 38 X5 2 ROR IR 1 2 A 98T

Wil AU S, A SR E S REY S
AHEMY) . WA 220 B R I P RG TR S ) B
Mg & TR ZUKEY, b, Bl A
MLEALE W o AWK i 78 R T RE R A & &
AEXTIE N . WA 4Ca) 7R, Z2 R BITE A 38 i TN f4L
R (69.5% ) e T FPL 2 ke 451 0 28 A S 0 . A 50 IS B )
i, 0~ 15d(25.1%)F115 ~ 65 d(25.29% ) (IRUR AR AR

T (38.4%) , T A0 AT A 2 fof e 5] M S 719 TN 5 i
Yok FLASON AN S 3 (=7.3% ). 3K 0] R e PR Ay iz 5] %) 47531
I, ARHET HEAR BB KRR, AR T A YRR 4
F, O AG T i | AR 5%, ek T B IR ITR 1
A2 e ] 3 FIE Y ) 4 C/N E 30 ~ 85 [ s, b s
HEAE TN & & 38 hn e K (55.6%) , F /MNTE O ~ 30
(19.2%) , #Ihf C/NTEBARBYZKF T, TN 3 I 3¢
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=

/N Liu %0 55 Meta 20 BT 2 B, HEE v 460 3% 4 2k Bl
FE UG C/N BTy /> . 3 ] BE A PT 4h C/N Ik
MRS rh AT W i R R RN, 5T RAEHIK . Jiang
AL 0 TR 2 AT R HE C/N AE 15 B U AE 30 i 42
FUOE 5 A9 NH A1 N,0 HERL . b4, Wong HESTERE S Y
SR HE AL SIS b 2 B, REHERI IR C/NFE 16825
0 84% I IH NHL -N Y 2% . AT REJE HY T HEIRTE AR
C/N 1y B i 25 5 30t o 1) 280 B A, DT 3R 38 NH HE
T WG pHAE 8 ~ O M IS, iz 5| B AT TN 5 fat 1 i
e K (48.2%) , H K K pH A 6 ~ 7(27.7%) F1 7 ~ 8
(15.0%) , Jit A AT A 2 e 5] LA R 3 {4 o (4 i A= 0 Ak 1
pH A P 8 28 K IR BE I 25 5w s v, SR ALY
A A TG SR HEHEAR A HLE R, B R AR W
k.

B A HERE A 64T, A LA o PR A o B
A0 43 (1 b ] 3 A o TP A TK 3G A0, Ak, ok
W] R T Tl T Tl R Wl A W 4 R IO ML TR Bl R A
RO 4(h) B, BRI KO 0Ah, Bt 5 41
G 4L DR 1 S 3 R W ] 3 L v TP e A ] e

(102.1%). TTHHEAL . 0 ~ 15 d A1 15 ~ 65 d T HE AL,
# AT d 3 R TP & A (43 5 R 33.3% . 33.0%
28.4%), A3 Z M ZEFAK. 7EAREFKMFT,
ot 5] S T B9 TP 55 2 185 e K (39.8% ). MENE 55 7K 27
50% ~ 60% H s, b 5] HE AT B TP & 3 e K
(69.9%), F/NETE 60% ~ 70%(12.7%) . HE AL B #) 1A
C/N1E 30 ~ 85 [’ f f& TP ¥ fi fie K (45.6%) , 710 ~ 30
B B A% B /1N (25.9% ) . #1 4F pH TE 8 ~ O F14) R il ] i
HE B TP & & 1Y K (52.5%) , H R k7~ 8
(28.2%)F116 ~7(24.4%).

W 4(c) Frw, MWl Perionyx excavatus 1] LA
KR FE RGN TK 45 (37.2%) , T WG| Eisenia fetida (1)
B AR /N AR 35 (3.6% ). THERE B (A1 AE 0 ~ 15 d
IR 38 55 0 i ) 3 A A TK A i, SR N 28.0%, 4
b 0T R A SR AT 3 Y ) TR A A B T e ) ) 3 Ak
I M I 5 3890 95 0 R 5 ™ 7 Ry 5
A F 98 B R T 18,590 TR fi e e
FOKHAE 70% ~,80% H I 5, TK 5 35.8% ,
HEUCH 50%)~ 60% (113%). 41 4 pH 44 1 T 6 3 7

Fob, MR AW IR BT LLR: B TP A R BRI T 19.9%4 TR AR . & /g
Eisenia fetida (100) H (a) TN (83) L () TP | (106) He ©TK
W FEudrilus eugeniae (28) e (29) - (2] ——
Perionyx excavatus (26) —a— (24) e (28) A ¥
ZHEA (8) —— ®) | 4) |
TETHENE (99) HH (83) L (69) =
FiH A ) 0~15d (30) e G7) H (68) =
15~65 d (49) - (47) H (46) —e—
FiHE (46) (T (34) - 30)| +—m—
R EARBE (131) H (125) - (145) -
HAE M (12) e (12) (12) ¥ = 1
50~60 (37) = (22) = 15) H——
WK% 60~70 (80) HH (74) . (83) —e—

70~80 (40) e (32) e (43)  ——
. 0~30 (81) M (72) = (82) ——
30~85 (48) [ . (42) [ (56) —a—

6~7 (25) [ @7 e (26) —a—
HlipH 7~8 (37) [ (30) . eén|  He-—
8~9(39) - (28) - “2)| +—m—
SEHIFRE (189) i . . 171 L. ) ] asmn -— .
-20 20 60 100 =20 20 60 100 140 -20 10 40 70
AR/ Yo AL/ % AL/ %

155 H R B R R T 528, 2 BER 7R 95% #LA7 IX ]

& 4

AR AREF3 TN.TP F TK T R &0

Fig. 4 Effects of different grouping factors on the change efficiency of TN, TP, and TK
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M AT A0 iy P B 5 A S S R T O I 5 Y

K5~ 7R, P14 C/N. pH IS KR B E R
e LM I HEA A /N, TN, TK F TP & . & 5(c) fl
5w, WG C/N5RZHENER C/N A TK 7% &
EREW AR . MAILS C/NE TN & & 28
BFERIEAMSCOER, B M 15 HE AT A9 TN 5 42 b

F 1 HR C/N BRI 4 0. 5 (d) o, i ) HE AR
H) I C/NAR T 20 MBI 58 50 38.3%. D]t = B0 15
HE R XFF TN 38 010 19 2807 A AH XTSI . e Ak, w006 ¢/
N 5 FZAHERR ) TP & 2 0 0 R e R[5
(e)], YA C/N Jy49.3 iF, i | 3 AE 384 i 9 TP %L
NAEF K, H65.3%.

K 6(c) 1 6(e) i 7 ¥ i pH 5 ke 5] 3k AT f 24 1Y
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Fig. 5 Relationship between the initial C/N of compost and the change efficiency of NH,"-N, NO,"-N, C/N, TN, TP, and TK

C/N B ZEMAMICCHR, M5 TP & &R EWN
IEM KR L AN, PI G pH 5 b 5] ok P 45 24 ) TN
TREBEN R TELERIE 6], Mk pH
Sk 7.08 B, ) ok AR S 0 Y TN RGN B B, A
24.5%.

WE 7 (a) iR, WG 7K 35 i ) HE IR A 2 1Y)
NH,-N & i 52 B AR WG &K 5 i
KETP S REMEFN R BEERIME 7(e) ],
A T Y ) IR K R AE 69.5% H I, ke 5] 3 A
X f 26 TP B B3 4G e /b, 1SN BE R 16.1%. %)
e AR SR CN BRI E N =B R A
7(c) ], AT SRR K RAE 70.4% B, ke 5] 3
B e ¢ C/N BEAR IR B e 22, h 41.6%.

2.4 SR F ) i 0] o R R 42 R Cu A Cr i R
YA R R 5
i E 8 (a) frn , 5 — MR HEAC AH b, i Wl

Eudrilus eugeniaeﬂﬂ@%yﬁ//l\ 34.8% Y Cu & H,
HOWR Ny e 85] Eisenia fetida (—11.0% ). & JG 1 3 JE ()
TEOLT e w5 e BB Cu A e K (=21.0% ) 5 Tl
JIEL s ) R R, o ] 3 T R ) Cu D N, HLAYTR
HeHE A0~ 15 dBF IR D> T 8.9% 1 Cu % & . 3 K7
2ok B0 HE AT DL S 3 U0 ke 5] 4 T P 23.3% (1)
Cu, HWRHN A RIE (-3.8%). HEAE & K R AE 50%
~ 60% I HE PR T Cu 75 D 19 R e K (-41.8% )
HWK H 60% ~ 70%(-9.3%) , i 1E 70% ~ 80% 1
LT, RO 43l Cu B i S0 9.1%. HE AL 4 C/N
7E0 ~ 30(-6.4%) F1 30 ~ 85(-11.2%) i}, Cu /b1
R ZN AR HE I E pHAET ~ 8 FI 8 ~ 911
e, HENE Cu & & 43 5l Wik 2D 16.3% F1 25.6% , T
TE 6 ~ 7 WES A, i i) 3fE I 09 Cu & 2 40 1 3 35
38.4%.

MK 8(b)frzn, M5l Eudrilus eugeniae EIRVETE S



3054 Wl B 45 %
60 1600
(@ (®)
40 | - .
1200 |
e 20Ff . © . n=21 ®
2 B
& 0r [ n=17 £y 800 |
i,ﬂ ° ?‘_ °
A 20 e o ©°% L E( o
+ [ ] !
£ -40 | ° 6 400 | [ ]
4 L4 Z [ ) :
-60 ® o ° °
. 0 “%. °
-80 )
1 1 1 1
6 7 8 9 6 7 8 9
100 150 *

') [ )
y2=23.37—7.29x (©) »=675.58-183.72x + 12.96x2 e o @
R?=0.03, P <0.05 . R*=0.06, Pg< 0.05 . .

50 L n=143 ° 100 |5 =104 ° o [
) . chy -
& 8
= 2
N 0} £
i =
z o
O =
_50 =
-100 1 : : '
6 7 8 9 6 7 8 9
200 150
y=12.73x - 57.04 N (e) ° ®
R2=0.05, P<0.05 - . ¢
150 b e " 100 F n=66
] ° L J 3
X ° [ ] X °
5 100F e 3 B/ os0 | ‘e oo e,
§ § 'Y e @ o
> 50 » ° ° [ )
R [ ]
# ool e tes .. v
= = (] . ° .
. ° . . °
[ ] [ ]
=50 | ® o o ° °
[ ]
_50 -
1 1 _100 1 1
6 7 8 9 6 7 8 ?
HikpH W ikpH

S 2 7 A IO MR T 2% M 2 43 B 25 7 95% A3 X

Bl 6 A pH 5 NH,-N.NO,-N.C/N.TN. TP # TK ELH MW IHXXF
Fig. 6 Relationship between initial pH of compost and changing effect of NH,"-N, NO,"-N, C/N, TN, TP, and TK

WD HERE 64.1% 19 Cr i . FHEAR 7 Uep, R
Tt HE AE 7 X RE 8 1 2 B AR HEIE Hh Cr 3% 4 (=52.1%).
AT =, ACEHE 0y 3 X7 S > T 43.4%
) ke | 3 FIES Y Cor 757 . HE I 55 KR AE 50% ~ 60% 1Y
BF i, ok 45 9 > HE AR b Cr iR AR B K
(-68.6% ). i 451 HE REAT 4 pH AL AE 7 ~ 8 I 1] LA B 35
f31.2% W Cr % 1 .

TEA LR 7 e A s R vy, e | 6 B 4 J A K
B S BREE ) EE W T WAy . — 7
Wi 451408 A AL I B D R A L fR T e S 3 Y T
TEVEFT, &8 3 1 9B E) e 5] 38 B R e vp Y, 7
e W) HE NS o FR e, &R RS 5 R BT A G W
ey S —Jim, EAeREREBALShERR, 5K
SrFE. BEEMEAR . HESEEMDENEE
mMENLSS, BHANESERAY, X4aEi#HT

ﬁ’q’:ﬁm:.

Wl 8(e) T, i 15 HE AR H bio-Cu A998 /b 1] 8
J2 R T U2 0 20 B A R i AT AL ) B X Cou SR 1)
[ 5 DA e Cou 7 i 5] 4% PR AR 2 AR T T 4 Jes At 2 11 246
A5, 8| Eisenia Setida F Eudrilus eugeniae NJ L) ik
F U HENE 18.7% F1 23.0% 4 bio-Cu. 7 Tl i AT 15} 7]
b, T THE R AT DL g K AR B2 b 9 2D bio-Cu &
(-242%), HK H15~65d(-182%)F10 ~ 15 d
(—14.1%). 7e30 K7 =0, Bl AT DL S5 R B sl 20>
Wz 18] 3 AE £ bio-Cu ( =27.9%) , ok & H R i E
(—18.5%) F1 i 25 38 X% (-13.2%). HE NS & K 78
50% ~ 60% M} bio-Cu ( —44.9%) J /> % K, H K2
60% ~ 70%(-17.8%) , X Al feJ& P Jy 76 45 1 1 25 A
L, EY R E A JE ME L) LA JE B T I 7R e
RGh RS, W T 5 R S YR iR
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Fig. 7 Relationship between initial moisture content of compost and change effect of NH,”-N, NO,™-N, C/N, TN, TP, and TK

pHTE 6 ~ 7 F17 ~ 8 I} 6873 1A &0 7 28.1% H122.5%
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FEART Cridi sh e AETHEAE 3 v, 0~ 15 d T
JIE BE A %51 9 /0 MEJIE 19 bio-Cr & B (=57.7%) , Hk
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Eisenia fetida (137) r @cu |G8) H ®cr | 0D () bio-Cu HH e L (d) bio-Cr
Eudrilus eugeniae (16) | —=— (10) [ ®) —_— S) —e—
LI EL 2
Perionyx excavatus (14) —s— (no) (no) (no0)
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