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Effects of earthworm mucus and straw charcoal on heavy metals during
domestic sludge co-composting

HUAN Huihui', CHU Zhaoxia™", WANG Xingming"*’, FAN Tingyu', DONG Zhongbing', ZHEN Quan',
ZHANG Jiamei®, DAI Bibo’
(1. Anhui Province Engineering Laboratory of Water and Soil Resources Comprehensive Utilization and Ecological Protection in High
Groundwater Mining Area, School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, China;

2. Collaborative Innovation Center of Recovery and Reconstruction of Degraded Ecosystem in Wanjiang Basin Co-founded by Anhui
Province and Ministry of Education, Anhui Normal University, Wuhu 241000, China; 3. State Key Laboratory of Safety and Health for Met-
al Mines, Sinosteel Ma’anshan General Institute of Mining Research Company Limited, Ma’anshan 243071, China; 4. Key Laboratory of
Bioresource and Environmental Biotechnology of Anhui Higher Education Institutes / School of Biological Engineering, Huainan Normal
University, Huainan 232038, China; 5. Institute of Intelligent Machines, Hefei Institutes of Physical Science, Chinese Academy of Sciences,
Hefei 230031, China)

Abstract: Heavy metals restrict the reuse of municipal sludge. To passivate the activity of heavy metals, reduce sludge toxicity, and
create new value, 2 kg of sludge was composted with 40 mL earthworm mucus and 2%, 4%, 6%, and 8% straw charcoal, to investig-
ate changes in the heavy metal mobility in sewage sludge. The results showed that, compared with the control sludge compost (CK),
the pH increased by 1.42% (P<0.05) and the total nitrogen and total phosphorus decreased by 7.87% and 14.18%, respectively
(P<0.05), after the addition of the mucus to the sludge. After adding both the mucus and straw charcoal to the sludge compost, the
sludge gradually became alkaline; furthermore, its electrical conductivity value increased by 5.71%—9.58% (P<0.05), and organic
matter content increased by 7.71%—24.60% (P<0.05). Although this enriched the content of soluble ions and available organic matter
in the compost, the total nitrogen and potassium contents decreased by 19.10%-30.95% and 7.87%—14.31%, respectively, resulting in
the loss of plant nutrients. By adding mucus to the sludge compost, different total heavy metal contents showed different declining
trends; these included Cd, Cu, Ni, Zn, and Pb, which decreased by 3.59%, 7.03%, 10.93%, 8.39%, and 5.11% (P<0.05, except Ni),
compared to the CK treatment group. The more active forms of Ni, Zn, and Pb were transformed into an unavailable residue form that
was difficult to degrade; therefore, the proportion of residual forms increased by 61.81%, 120.19%, and 72.51%, respectively, com-
pared with the CK treatment. When the mucus and different proportions of straw charcoal were added to the sludge, the total heavy
metal contents decreased further. The total amount of Cd, Pb, Cu, Ni, and Zn decreased by 37.18%, 67.36%, 6.07%, 59.59%, and
31.82%, respectively, in the mucus plus 8% straw charcoal treatment group (P<0.05). The Ni and Pb associated with the carbonate,
Pb associated with iron-manganese, and exchangeable Zn were gradually shifted to the residue form, so that the available contents of
Ni, Pb, and Zn were significantly decreased by 28.08%, 42.00%, and 28.31%, respectively, in the mucus plus 8% straw charcoal treat-
ment group, which passivated Ni, Zn, and Pb in the composted sludge. In contrast, organic form of Cu was converted into exchange-
able and residual forms. Its available content was increased by 89.82 % (P<0.05) in the mucus plus 8% straw charcoal treatment
group, and Cu was activated in the sludge during composting. In the analysis of the effect of mucus and different ratios of straw char-
coal on the availability of heavy metals after composting, it was found that the correlation coefficients of straw charcoal addition with
the available forms of heavy metals Cu, Zn, Pb, and Ni reached significant levels of 0.906, —0.909, —0.847, and —0.639 (P<0.05), re-
spectively, while the correlation coefficients with Cd were lower. Finally, based on the principal component analysis and stepwise re-
gression equations, mucus in combination with straw charcoal influenced the pH of the sludge compost, affecting the mobility of Ni,
Zn, Pb, and Cu. Therefore, mucus plus 8% straw charcoal is an effective approach for treating the heavy metals in the sludge.

Keywords: Earthworm mucus; Straw charcoal; Municipal sludge compost; Heavy metal content; Heavy metal speciation
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5| (Eisenia fetida), " W51 K5 8 SR FHAS 453 477 e 151 719 0K H
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Table 1 Basic physiochemical properties of the testes raw materials

5 Property 157 Sludge

iy W5 %59 Earthworm mucus FEFF % Straw charcoal

143K Electrical conductivity (ms-cm ') 1.11+0.03
pH 6.70+0.02

7K >R Moisture content (%) 76.67+0.05
A ML Organic matter (%) 16.65+0.89
B Total nitrogen (gkg ") 27.82+0.82
S Total phosphorus (g-kg ') 8.88+0.32
AP Total potassium (g-kg ™) 13.24+1.55
BB Total Zn (mgkg ') 737.00+44.55
S Total Pb (mgkg ™) 14.7342.09
JH Total Cu (mgkg ™) 60.43+5.27
SR Total Ni (mgkg ™) 32.40+5.06
K4 Total Cd (mgkg ") 1.62+0.11

0.05+0.00 0.86+0.05
6.89+0.20 8.87+0.09
— 8.42+0.02
0.37+0.03 17.61+0.63
0.15+0.01 0.63+0.05
0.007+0.00 2.82+0.10
0.023+0.00 15.90+0.70
- 79.50+2.12
72.90+1.78 19.37+0.66
— 2.45+0.07

— 0.05+0.00

“— KA. “— means not detected.

1.2 RWEHE

B FERG R L ORERE A e T e ME AR ) 4
J& & B R R, BB IE RHEAL (CK) X R4, 50 2
54N 15 TR PR HERR (S0), V5 IR +R 2% . 4% . 6%
1 8% F& AP R MEAE (S1. S2. S3 il S4, I5 8 T H LL);
JIT A HE AR 20 35 B 2 kg B 6695 U, R FH Huang %5
IR T7 2 UN N 40 mL ALK, B4 50 3 AT

B, R S AR A 25 °C 247, BKFE
PRFFLE 60%~70%, Hi AL B[] BE £ B8 L0 RS W 72 43 F1
IReE ety 35 A" HEARIR IS5 AR, K IR S
()35 e B SR AT J5 ST RS i 100 B i, 615 534
FE
1.3 Sh7HEE

BGE 20l i Vs I T4k h i e 1 h 5B,
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i 3 LRI pH AT SR (EO)™; B (TN), &
B (TP) 75 K 1 4% P b 28 30 min J& 5% P A i B 82
B P A LB (OM) 3 3o T 4% R B0 T 150 °C 1
T A FALTH % 30 min J5 A EIIN E Y 4R R A E
b SRR . iR AN e R IR G T R ik, A ARSI i
DTPA-2Na & W iR $2 15, T Al i Tessier 1120 7% ¢
PEIUTE, I AR = 4 )8 7 W0 AAS HE 7T U
S RIS A B R bR AT A s i, Dl
FRMAH R AR E R 25 775 223K o
14 HELEBSHH

f85 F Excel 2021 X% £ 4f i 17 %% 20 A0 3+ 55, H]
SPSS 26 X F i AT LN 2 7 25381 (ANOVA), £
L (LSD). M g A |1 H Oy f o b (PR
0.05 1% 0.01), i} ORIGIN 2022 % ¥ 747 32 14343
Mr (PCA) FIEIA .

2 HER5SH

21 HERREISTEELM R
W SRS 9 -G A A R 4 G 75 TR HE AL, 76 A
[7i) 12X 56 2L 18] %) B o R e ) o o e (R SR B A

25 (£ 2). 55 RdEEx 4 (CK) HH L, #h
IARE O V5 PR HEAR 5 (SO) A pH. EC X7+, OM,
TN. FI TP #FEAR, FHorf pH F 5 &8 3% (P<0.05), TN,
TP REIK 3 (P<0.05)o YRR -FEFF e 2L A FH XS
THENL S5 (S1-S4), 5 CK AHLL, pH. EC 1 OM 7 Al
W +8% Fili #F ¢ (S4) B 43 51 7t &5 9.97% . 19.40% Fil
24.60% (P<0.05), TN F1 TP 43 5I[%AE% 30.95% Fil 19.84%
(P<0.05); K +4% F5 A1 5¢ (S2) B, pH, EC Fl OM 43
TR 5.55%., 12.68% Fil 12.01% (P<0.05), 1fii TK Fil
TP 5% BTG 0 25 22 55 0 30 3% I VR 0O Y NS AT ¢,
REf E A HLBT A0 fk . 6 5 T R 22 A ), i
BT B, (67 Ul 52 5 5 T A 0 e P R 2 1
R firetik, d 33Tt OM & it HEAR h & SR BRI |
BRI DE R, PR TS U8 S FR Y T e A A
FH I, BT A I A R IR B 4% RS A (S2) Ab 3y
15 ISR, MR RS, OM B EE, 70
Bk
22 HEESRYEERERAETL

H1 35 3 AT, SR FHORS W -G FF e 3 [m) 4 X ¥ g

2 AIEIRER-FEFT R S EME A SR AR IR A 1 RN E SR R AR

Table 2  Effects of applying earthworm mucus and straw charcoal on the selected physical and chemical properties and nutrients of

sludge compost

- N N
s = HHLE ﬁ‘za S putel '
pH Electrical conductivity Organic matter Total nitrogen Total phosphorus Total potassium
Treatment | 5
(mS-cm ) (gkg ")
CK 6.92+0.04¢ 1.34+0.01d 15.65+0.50d 32.31+0.31a 21.37+0.31a 15.14+0.16a
SO 7.02+0.06d 1.38+0.03d 15.45+0.15d 29.77+0.70b 18.34+0.12b 15.31+0.32a
S1 7.25+0.02¢ 1.46+0.02¢ 16.85+0.30c 25.56+0.32¢ 23.05+1.80a 13.95+0.96a
S2 7.30+0.04¢ 1.514+0.02bc 17.53+0.28b 26.14+0.26¢ 22.81+0.50a 12.98+2.53a
S3 7.47+0.08b 1.54+0.08ab 17.2240.27bc 21.64+0.65d 17.57+1.90b 13.66+1.40a
S4 7.61+0.05a 1.60+0.01a 19.50+0.26a 22.3140.60d 17.13+1.15b 13.32+1.65a

CK: Bli5 IR HERD; SO: 15 IR+ RHEAL; S1: V5 RHR 2% RS FEARHEAD; S2: 15 JR-+RG R +4%FEFT AHEAL; S3: V5 RHREIR+6% RS FF i HEAD; S4: 158+
A8 Yo FT R MENE; [RIF AN [] P e R AN [l b B[] 22 57 18 3% (P<0.05) . CK: sludge composting; SO: sludge + mucus composting; S1: sludge + mucus + 2%
straw charcoal composting; S2: sludge + mucus + 4% straw charcoal composting; S3: sludge + mucus + 6% straw charcoal composting; S4: sludge + mucus +
8% straw charcoal composting. Different letters in the same column show significant differences among different treatments (P<0.05).

®3 AIBRGR-FEITRARIERNISEEREESRSE

Table 3  Effect of applying earthworm mucus and straw charcoal on heavy metal contents of sludge compost mg-kg '

AbF Treatment f# Cd 5 Pb i Cu B Ni B Zn

CK 1.95+0.02a 18.00+0.05a 65.85+3.90a 82.78+4.15a 858.00+39.09a
SO 1.88+0.08a 17.08+4.25a 61.224+4.79ab 73.73+6.38b 786.00+0.30a
S1 1.65+0.05b 11.78+1.48b 59.67+0.98ab 44.40+1.98¢ 783.00+7.50a
S2 1.53+0.08b 8.83£1.45bc 61.68+1.78ab 41.91+0.44cd 676.50+18.00b
S3 1.1520.15¢ 6.37£1.70¢c 61.75+0.43ab 35.05+1.33de 645.00+7.50bc
S4 1.23+0.23¢ 5.88+1.48¢ 61.85+1.95ab 33.45+5.96¢ 585.00+£29.25¢

GB 4284—2018 (A) <3 <300 <500 <100 <1200

X% European Union 20~40 750~1200 1000~1750 300~400 2500~4000

CK: HMI5IRHENE; SO: 15VRHRTRMENE; S1: 15 Je-tR 2% R AT S HENE; S2: V5 Je-HR +4%FEFT AR HENE; S3: 15 IR HRE+6% FEFF AR HENE; S4: 157+
R +8 Yo FT e HERT; [RIZAS ] b 3 n AN [ b 1 ] 2 57 i 3 (P<0.05) . CK: sludge composting; SO: sludge + mucus composting; S1: sludge + mucus + 2%
straw charcoal composting; S2: sludge + mucus + 4% straw charcoal composting; S3: sludge + mucus + 6% straw charcoal composting; S4: sludge + mucus +
8% straw charcoal composting. Different letters in the same column show significant differences among different treatments (P<0.05).
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PR R 45 - I SR -5 T () 40 PG 2 3 95 D HEJE o B <62 Js 9 52 ) 581

WERR S, 4R B R S, 5 CKAM
F, AAS IR R AR 86 40 (S0) 4 )@ Cd. Pd. Cu,
Zn A RS, (H2 5 R B3, 1 Ni & i B K
10.93% (P<0.05); 4 Kl i -5 FF s 3 [7] 4 FH X5 g HE
NE e, T4 T e e ) AU R B B RS T e 2 R R
BN, 76K +8% A FF i 46 41 (S4) 4 R B
I I8 B ik Fe K, €d. Pb, Cu. Ni #l Zn & & 5 5 f&
ik 36.92%. 67.33%. 6.07%. 59.59% FI 31.82% (P<
0.05). &5 I frad, A i Bib Ia) 66 FF o AT IS X B AR S
e 2 50T 4 Ja OR BT, T4 Cu ZCR — i, HENE
Jo A R ST (AR T U85 Y W 4 o bR o )
(GB 4284—2018) A Z A, B Ik T MK W V5 U 4 H
PRAERY, 5 T HBHEY F A Bel AR B A | B BRI i K
KA
23 HEEXMNSRPESEBENSHEM

HEAE AR 22 A 880 T 4 2 e R R A AR B
B, SENELSE, WEKES. RES. BS
A AL FIEA, HA RS FEEM, A
WA RS AL B ] SR AS IR R SR 45 A A, Ik 4

JR, SR TS RS W5 Je HEAL (S0) J=, 4 8 A A
VIR R S, H A 2SR & i i 35 R (P<0.05),
A BERG VM E o B E SRR A R S AR 4
G A PUE BRI, FBEIRHA ROE . YRR A 3t
A /E X5 R HEIR S, Cu B3A & B E A ETH, Ni,
Pb., Zn ARAE T HRIA N TREHESE . 5 CKMILL,
RV +8% Fili FF Je b B (S4) A8 Ak B A K, A A0S il
T 89.68%, AR . B, BEE RS T
28.05%. 41.99%. 28.30% (P<0.05); Ifii A %50 & i
TERE W 2% T FF A A BEEH (S1) B CK R I e K, 0
38.46% (P<0.05), B J& Ftn i, (R IR AL T CK. X
SRR VR RS A e i S W] 1, 7 AR RE Ak 5 4x ) 1Y
0 H far S5 AT, oAV 22 200 4 Ja A Ak, i B B i
fie A HLBR TG AL T Cu, #2717 HA &, me4h,
FI AR DA 53 R WS 7] LU 35 e X HE AR IS (SO-
S4) 5 4 JR A RS I SE N A B, RS FF A I 5 4
J& Cu. Zn. Pb. Ni AR RELS 4 0.906
—0.909, —0.847. —0.639, ¥Jik i 3 /K F (P<0.05), Ifi
5B RS & w A OC R BURR, 0392,

x4 MBRER-FEITRIARER S RERREE BB S ENFNT

Table 4 Effects of applying earthworm mucus and straw charcoal on contents of available heavy metals of sludge compost

mg-kg
4 ¥R AR B RSH AR AR BRAEE
Treatment Available Cd Available Pb Available Cu Available Ni Available Zn
CK 0.39+0.05a 7.43+0.00a 3.10+0.24d 5.17+0.10a 8.41+0.10a
SO 0.28+0.01d 6.60+0.29a 3.05+0.47d 4.58+0.09ab 8.29+0.14a
S1 0.24+0.04d 5.56+0.82b 4.70+0.10¢ 4.63+0.68ab 7.67+0.45b
S2 0.3440.03bc 5.2140.31bc 5.19+0.30bc 4.17+0.37bc 6.74+0.31¢
S3 0.36+0.01ab 4.85+0.54bc 5.69+0.29ab 4.14+0.18bc 5.79+0.31d
S4 0.2940.02cd 4.31+0.54c 5.88+0.10a 3.7240.59¢ 6.03+0.46d

CK: HUI5IRHERR; SO: 15 UE--A RN, S1: V5 IRHRE 2% RS FT AR HENE; S2: 15 BRI +-4%FE AT SHEAL; S3: V5 RHRE IR +6% RS FF AR HENE; S4: 158+
R +8% T FF ke HEAE; [R5 AN [l 4 3 s N [RI AR B T) 22 57 8. 3% (P<0.05) . CK: sludge composting; SO: sludge + mucus composting; S1: sludge + mucus + 2%
straw charcoal composting; S2: sludge + mucus + 4% straw charcoal composting; S3: sludge + mucus + 6% straw charcoal composting; S4: sludge + mucus +

8% straw charcoal composting. Different letters in the same column show significant differences among different treatments (P<0.05).

KT RSB AN [ A B 2H 5 4 TR 4 TR A R
BRFR, FIH TR 53 A (PCA) 13BN T 45251 7
Fh 3 L2 (PC1=76.2%, PC2=20.8%) f) 21 )7 2% Tk
Rk 97.0%, £FEER (K 1), TR ARl Ak B 4] X 4
JR A RS T, 75 PR HEAE X B2 (CK) FUKE W +8% F5
T 7 B b B 2H (S4) 7E PCL J7 ) b 4350 ¢ B 1 4
E R AR KR, G R 2% B AT e HE T b R 2H (S1) 7R
PC2 Jy[a] LB BH B SR . R b T, CKOX %
5 e B 4 B A USSR ROR B 2E, 1T S4 R ST
SRR . A, i A R A RS TR &
B, Zn, Pb. Nifl Cd 435l 7€ PC1 Fl PC2 1E J5 ] I
YRR, 1 Cu 7€ PC1 fJ7 n] AR o . 25 AW,
R +2% 5 FF 5 (S1) X 8l 4k ¥5 e vh 8 42 8 Cd 2R
B, RS +8% F5 AT 7% (S4) fig 4 Mgl b 75 e

H4JE Ni, Pb, Zn Gk, FIGL T EEJE Cu, X5
Kl 2 Frsgs f—%k.
24 HRESRERPESERESTWL
HEJRAETGTRTUINASHA | RIRERAE G £
MAEES . A ESMREE S PR SFE, mii
HEAE e 2l AR T 4 R 6 TS U8 P Ak SR S 40 A, AT
ARSI I AR AW v . Hoh Rl S A R
TR Eh 45 5 A AE S PR A s R, &) T o P ik
e 4, s s e b 4 R A R i BB,
BREREE G ARBCNTRE, ) Z TR s, A LSS &
BEFRIE ST RE, BT 4R .
W 2 fiR, 45 A B2 HED S 48 Cu IA L
AN E, Zn IS A G0 E, Ni Ml Pb LLgk i
AR E, M Cd AR 2850 320 B ik ot s

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

AR RO 24k (R 3E3C) 2023

#5315

582
-0.5 0 0.5
1.5 T T
10 F -S3 4Cd " CK o
’ /
S | / 105
% 0.5 +S2 ,f'f Pb
g8 o | Gum—eo - = 0
« .4 _\_\_""\--..___\___HNl
8 -0.5 " Zn
: 1 —0.5
10t -S0
1 -1.0
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PC1 (76.2%)

E1 #BRMEFRANSSRERECREEENXER
Fig. 1 Relationship between applying earthworm mucus and
straw charcoal and heavy metal contents of sludge
compost

CK: B 5 Je N ; SO: T35 Je RGN ; S1: ¥5 JeRE R +2% F5 FF
IRHENE; S2: 15 Ve +KE R +4% FEAT B HENT ; S3: 15 8 HhG W +6% A T 7 HE
NE; S4: 15 Je+KE I +8% FE FF s HENIE . CK: sludge composting; SO: sludge
+ mucus composting; S1: sludge + mucus + 2% straw charcoal composting;
S2: sludge + mucus + 4% straw charcoal composting; S3: sludge + mucus +
6% straw charcoal composting; S4: sludge + mucus + 8% straw charcoal

composting.

100
80
60
40
20

Ak
Proportion (%)

Ve HERL 5, 542 8 Y i 3R 1% T8 B W1 R R AN 5
1k, 7 CK AR F 5 H BT T 33.19%~120.19%,
RV - FE e L [R)AE H 6T VR HE R S, Ni AT Pb (1)
IR A A . PO ES &8 . Zn M n] 58
A ) R ME R A 1 i S G Ak, FEVR N 8% A5 T 7k
Af, 4 J® Ni. Pb. Zn P8R APT &7 L4 CK 4
S 40.26% . 102.74% £ 208.01%; 1 Cu i #L
G55 25 HV IR A 1 ] S o 285 R A7 S 25K 1 R i P A S
PITE Ak, A 8% F5 FF 1 B AT A8 4 245 ik v A5 BT
7 LU CK a6 20 43 501 5 65.20% FiT 50.82%; Bk
HEAS Cd A ) R A8 6 285 FNBR R 6 245 5 285 W R s PR 45
SR IE S AL, (X B FE S LB R BT CK. X 3R
HH RS Y TI0 [) s FF e MERE IS, A8 BILJSE A9 s ™ £k S
Fa Ak, 7= A 1) Z R R S A 45 A AR, BT
R RN AL RE 7, DAl Ak 38 40 2 45 Ja i 1, (LA
A R AR E T Cu 7EA AL R B4 T & A i B,
SR LR EY B4 A, BRAL T B ROR, A
11T ) 2 A B A5 AR AR,

100
80
60
40
20

fitk
Proportion (%)

S2

SO

S1

& 2

S3

S4 CK SO S1 S2

AbH Treatment

BTESIRER-FEFTR A EME AR IS RERREERAHS A BRI

Fig. 2 Effects of applying earthworm mucus and straw charcoal on distribution of available forms of heavy metals during sludge
composting

CK: Bl i5 YR HEAL ; SO: V5 Je-+RE M HEAL; S1: 15 U HRG IR +2% R FF A HEAL ; S2: 15 JB+R W +4% T FF B HEAL ; S3: V5 Je+Hl i +6% i FF e HEAT ; S4:

15 Ve W +8% Tl AT AR HEAL . F1: I 32425 F2: IR 2R 455 75 F3: ki

A FA AHNE G F5: JRIES . CK: sludge composting; SO: sludge +

mucus composting; S1: sludge + mucus + 2% straw charcoal composting; S2: sludge + mucus + 4% straw charcoal composting; S3: sludge + mucus + 6% straw

charcoal composting; S4: sludge + mucus + 8% straw charcoal composting. F1: exchange form; F2: carbonate bound form; F3: iron-manganese bound form; F4:

organic form; F5: residual.
3 it

ORG-S e HEIE JS , pH 3%
Fh v, — 77 18 5 DR SR R RS A e 3 T HE AR A
AR, (R T AR A B, K SR
FIHENE b, A pH 2 M7 T w5 53— T i PR RS A

BT B 9 585 B E ) 5, o v 3 TS A AR AR v R R
B BC S5 U A i T W R B UIAR G
Pan 551" & UMk ISURE VATV A 8 A AL AL I )R
T, JE 0 3% 14t Huang 551" 8 R BT
TR BE AR v HE AL (A 28 P A W i A, 3R T A HLT O3

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 4 3]
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fife MR, 77 4R K i HCO, . NH, FIH A JEHLER 55, fff
EC {HZ Wi 271, X B 5 AW 58 25 AR K P
[) i FF 2 HE T 75 e I 38 e A2 75 e rh A AL BT o3 i 1l
W, AP & e B — R IR HEE Y Ab B
K, ANWTES RS FF e I, 5% BR 45 22 5 Al A 1 v
A BB, IR & oA ML S i n ™

Guo S5 HIFST &, A 1 ok e AIE F HE R AR R
SRR, T i B L 3 T AR 22 L &6 A4 Xt
NH, F NH, 10 B VR, 2/ NA 2% A9 el
B i HE AL o 400 i, Bl NLO 1 CH, HEJK, E—
AR R T AT 245 SR AR TR, B 8 Tkl v
X5 e HENE S5, PRORG R SR 53 AT 1R 3= b Bk W 0
PEFN = 4l P T R, A R AT R s Ak . )
FEAEAE T LI NH, . N, N,O TERIR AR, 2k 5
Tei] B A5 T o 6 [ 1 075 D8 ME B, R P 1) i
FF 2% 02 55 50U R B Bl A 4 A0 5 oA ) B9 A A7 20
B, S5 K 8 7 H8 1 A 0 e 1 W R RE 0, Bl
ARG FE = A A RRAE 2 AR R B B PR AR Wed
VR, BT R W LA B S SRS T HER R, 24
B PRE BAE A 7 A 17 WL 2 Vs i 3 e M s P
PR, TR, X AT B A W R AR BEE
FPHES 38 b e, 15 U8 = A A MLt 2 K
VA A 1) 2 AL, DTS 20 VS A e 0 i R 1, P
T A 0 e s TR A, 3 K W A A1

Duan %55 WL 5, A5 HLE 9 7 Jin AR 4 ok ik
M I PR A A, 5 06 1 WL I A 114 S B
AT 2% A T A Jm, B8 T 4 R R AT K
P, REGE SR R Mg B R . XS ARE IS
A AR, 78 AR T T TR, B 4 = MENE S e
AL A P R B Ak 3 ol A 5 v LR
4R U S5 A RIS O 1 R 4R B R R
MY 2ORG TR5 AS [R) Ll 08 FF 5 S [R) A 75 8 HE
B, SOGHERE P A T ik B R BRI, it — 2 B AR
4R B IR B 4 R AR A E AR, 4R

e o A

AT o i v A g ol 3k ) B I ARk A R R
BF . ULIESA . e RS 2 8 s 1y S5 L il [
FE AR, BALHE AR TP 4 R TSR fEARI R
I - T ¢ A [ 4 FE XS e HE IR S B AR T 4
Cd. Ni, Pb. Zn ARG &, 2EE T Cu ARE
b, P OGS 4% A B A O A I ) ER 4 R A A R
PR B HEAT A DG M 4y BT A (3R 5), &)@ Ni. Pb.
Zn A S pH R HL R TUHIE (P<0.01), B
o FE 2 A8 0 L 9 42 8, pH L b TR IR (R T 4
J& Ni, Pb. Zn B RS & EEWIFFMK . XEH AR
T A R A SRR AR R, MR R R 2 R
BRI BRILETREM, tEREE T U PR AT
s, REFE s H B LG BRI (LR . TR
A5 G ik, BRE 2 T =, (R E TR g LB Ak
JRE, 77 A A 225 4 L o A 3R A T HER O S5 B 4
J& KA 4% A OB, AL 4 | NiL Pb il Zn P,
AR 06 45 J 5 Li 45 P E W A0 HE AR AR &R pH 4 FF AE
5.5~12.5 {5 [l 4, Pb 3% )k Pb(OH), JE A7 78 2 ;
5 Liu %" % B 025 9 5¢ B35 08 Hh 217 4 4R
HERE S, e pH THEg, X5 R Ni A Rk = A ik
MORA—3. F4JE NI, Pb, Zn S ESHIRES
1 Al EC & B 67 AH 56 (P<0.01), AT fiE A= ) 7k X i
A= AF 35 IR B LA PR T, R R T 4R TS T
A B R, 2 T AR R VRS AT R HEAE R & h OM
3 M S I 6 R 4 Bl M N 3 R R 1 RE S
W o A [ o 4 R S T IR I 45 A, L E A
JE I cu AR pH. EC il OM B
FEIEH O (P<0.01), X R RE W -5 #F e 2 [F A FH S U,
RS S AR 20 A = 1 e 2 v v DL (45 & LR
FJS U8 JO B R 45 ), A1 10V A A MLAR X Cu i 45 &,
e T Cu el R HENE Hh p mT £ sh i, i T4 5 Cu
AYEHFEDEP? XY Zhao P KW Cu 5 5
AL fE A LIRS A, $E 5 Cu R A —

x5 SREBHFESEEIESESEUMRMEXXR
Table 5 Correlationships between contents of available forms of heavy metals with physical and chemical properties of sludge
compost
T4 BE{E T Physicochemical proAperty
Heavy metal oH ' SRS N ﬁmlﬁi‘ ﬁ"Ek S pst:l '
Electrical conductivity Organic matter Total nitrogen Total phosporus Total potassium
8 Ni -0.776" -0.734" -0.666" 0.727" 0.551" 0.238
5 Pb -0.906" -0.872" -0.820" 0.903" 0.337 0.465
¥E Zn -0.906" —0.854" -0.796" 0.905™ 0.431 0.388
% Cd -0.229 —-0.202 —0.194 0.271 0.049 —0.044
i Cu 0.944" 0.932" 0.866" -0.937" —0.239 —0.565

=R FIRAE P<0.01F1P<0.057K -5 #AH5& ., ** and * indicate significant correlation at P<0.01 and P<0.05 levels, respectively.
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% 31%

B CAdARGE & B2 R BAL TR BOE /), vl fE
Az Wy e T BH 2 1 22 e Cd BA IR FH, i
FRAR T CAEMER S T IR T M 15 08 B4 P o

X L <5 Je A AR B LA R, X R AT [0 A 05 AR O
Pri B (3 6), pH S22 EAL 15 e h 4 J@ Ni, Pb,
Zn, Cu ARG N

ko6 SREBTESERAVUSAESEMMERMETSE
Table 6 Regression equations between contents of available forms of heavy metals with physical and chemical properties of sludge
compost
T 4xJ® Heavy metal ZA A5 2 Stepwise regression analysis PERE R BEMEP
B Zn 1=35.939-3.965x,, 0.81 <0.01
B Ni y=17.474-1.801x, 0.58 <0.01
il Cu y==32.766+4.901x,;,+0.089x7, 0.92 <0.01
Ht Pb 1=36.106-4.194x,, 0.81 <0.01
% Cd — — —
X ATV HERE A pH, xop ATS VR HENE A BB & 5. “— W ARKEH o x,y is the pH of the sludge compost, xq, is the total phosphorus content of the sludge
compost. “—” means not detected.

BABORS WS 0 31075 U8 HEE S RRAR T A JE N
e M, 33X AT RE A2 RV T S A Y R BT RN A 2 W AR
LR ZhE . BER . mMEEAS RS FIRAY",
R AR B 3 A R RO B, AR AT R
Gy, AR R HE AR L T 0 Ak R BE AL, (s
BT KRS R A B 10 22 b s v Sk 5 o 4 TR O
RS, BTG Ve i A PR SRR AT
st [FAE 5 R MERE I, # 428 Pb. Ni Al Zn 11
ARSI E B ARR, R BB R YRR FT A D3 [R] A
FHAET: T HERE pH, 1458 HE 44 o J6F 78 I B A A ORIk
YW1, AR Z R S EA B ANSE AR
i, HIE R UUIE ), M2 H 4 )8, Zheng 5™
% BLE 4@ Ni (RT3 FIE A5 pH 2 k6, X
5 Liu %" B 5% S B0 A4 ke x5 Ve ME MR B A T
4xJ@ Pb. Zn Fl Ni 0 2E 4 ml A1) H BEAH — 3% V5 0
BRI 25 T o LA B A 9 B A9 o A R T R T, X
i 3 (A 6 5 1) Ak R ) M5, R E TR RORE R A, 7
AR 2 N] 5 G e 4 BNV DT TE I RE IR AR, DA
T4 TH 5% o 25 T o7 Ll 0 i 2 R VRIS 2R 4 VR
I, B LGS G Cu In) 7] 38 e 25 FAR B 54 1k, Cd 1Y
AT 7 L A2 B =, XA LA B A Cu 7
e A E T, PR OMRS FE R G TR
PLETH™ fb FIE B8 Ak, 5T 2 A B Cu liF 85, I 5 17 i
PEA BB Y R S5 A, AR T Cu i B AL ROER Y,
M5 Cd 197284k 5 Liang 257 56 25 B AR

4 g

1) KSR A5 FF e L [RAE F X 15 e HE AL 5 BB 4R =75
Vel FIA HLE, 20 'S 202400 0 SR I +4% FSFF
Bemt, HE RS 5 R R, AR SRR, S

>
b

2) KA FF e L[ VR F S Ve HE AR J5 RE AR TS
Jerh 4 Jm SR, AlifL T NiL Pb. Zn, i TH b Cu; 3F
— X5 e v E 4 JE A A A A, pH S ) E
& A RS I B OB R 2R TR MR +8% i A Ak il Ak
HE4JE NI, Zn, PbRUREAE, X EE R Cu HA W
TR

3) AR IR SR T I8 HE A S Y T 4 TG PR R
%, B AR T 7 LU A8 e DRG0 -G A L [ 1 X
TSURHEAL)S, BRARER 25475 Ni fil Pb, BRAR45 A4 Pb,
RIS Zn 3% A0 W1 AR (1 BRI A e Ak, T Cd A
Cu ZBfbAH S, AU W15 0T S Ak, J5 & i T 28
PR E A
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