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Abstract: The enrichment of heavy metals in domestic sludge limits its utilization. In order to reduce the availability of heavy metals and
enhance the utility of the sludge, earthworm mucus and bamboo charcoal (2%, 4%, 6% and 8%) were added to sludge, and sludge
composted alone was used as a control group. The physicochemical properties and heavy metals behavior of the sludge in different
treatments were investigated during the composting. The results indicated that the addition of mucus enhanced sludge pH and conductivity,
and also reduced the total nitrogen and total phosphorus compared to the sludge composted alone. The addition of bamboo charcoal to the
mucus further improved the weak acidic environment of the sludge and increased the organic matter and conductivity, but some nutrients
were lost during the composting as well. In the control treatment, the total heavy metals (Pb, Ni, Cu, Zn, and Cd) were decreased, and the
exchange and carbonate bound Pb, Ni, and Cd were converted into the residue form, thus reducing the heavy metals availability. With
increasing addition of bamboo charcoal to the mucus, the total heavy metals were further reduced and the exchange and carbonate bound
Pb, Ni, and Zn were gradually shifted into the residue form, while organic bound Cu gradually transformed into the exchange from,
carbonate bound, and residue form. This reduced Pb, Ni, and Zn availability and elevated Cu availability. The correlation, regression, and
principal component analysis showed that mucilage combined with bamboo charcoal mainly changed EC and OM to affect Cu availability

and Zn, Pb, and Ni availability in the sludge, respectively. Mucus + 8% bamboo charcoal had the most significant effect in reducing most of

the heavy metals availability in the sludge.

Keywords : earthworm mucus; bamboo charcoal; sludge composting; heavy metal
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Table 1 Basic physiochemical properties of raw materials

o i B/r’rihﬁ Eﬁzﬁﬂ%l%ﬁ‘i&
Material Sludge amboo arthworm
charcoal mucus

5% EC/(mS+em™) 1.11£0.03  0.58+0.03  0.045+0.00

pHAHE pH value 6.70£0.02  7.45+0.10  6.89+0.20
7K Moisture content/%  76.67+0.05 5.98+0.02 —

HHLF Organic matter/%  16.65+0.89  26.89+1.26  0.37+0.03

B TN/ (g-kg™) 27.82+0.82  16.41+0.80  0.15+0.01

S TP/ (g-kg™) 8.88+0.32  1.25+0.13  0.007+0.00

BT/ (g-kg™) 13.24+1.55  13.37+0.19  0.023+0.00
JVEE Zn/(mg-kg) 737.00+44.55 87.75+1.13 —
S Pb/(mg-kg™) 14.73+2.09  5.08+0.01 —

SV Cu/(mg-kg™) 60.43+5.27  13.88+0.05 72.90+1.78
SR Ni/(mg-kg™) 32.40+5.06  8.25+0.15 —
B Cd/(mg-kg™) 1.62+0.11  0.88+0.01 —

=" AR . .

Note: “—" means undetected. The same below.
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IKRIE 60%~T0% 2 [8] , HR 45 AR 5% 25 B0/ I 7E Al
20 d I A AL, I L0 W T8 A3 4 Ao R i A R
b, HEAE I A] 6 4% 35 d.o
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Figure 1 Effects of applying earthworm mucus and bamboo
charcoal on physical and chemical

properties of sludge
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Figure 2 Effects of applying earthworm mucus and bamboo

charcoal on nutrients of sludge
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Table 2 The concentrations of heavy metals in different treatment groups(mg-kg™)
Qb PR Treatment Zn Pb Cu Ni Cd
CK 858.00+39.09a 18.00+0.05a 65.85+3.90a 82.78+4.15a 1.95+0.02a
TO 786.00+0.30b 17.08+4.25a 61.22+4.79ab 73.73+6.38b 1.88+0.08b
T1 752.25+17.25b 15.25+0.07ab 57.33+2.14bc 72.43+2.69b 1.55+0.01¢
T2 635.50+15.76¢ 12.45+0.03bc 54.08+1.86cd 68.57+1.64b 1.40+0.01d
T3 600.75+5.25d 16.63+1.38a 53.08+5.22¢d 66.62+5.63b 1.25+0.02¢
T4 583.50+10.50d 9.47+0.40¢ 49.35+0.35d 56.93+1.96¢ 1.40+0.01d
GB4284—2018(A) <1200 <300 <500 <100 <3
GB4284—2018(B) <3 000 <1 000 <1500 <200 <15
R 2 500~4 000 750~1 200 1 000~1 750 300~400 20~40
FE 2500 900 800 200 10
T [P RN B 3R R Rl A RN 22 57 (2 3% (P<0.05) .
Note : Different lowercase letters in the same column indicate significant differences among different treatments at P<0.05.
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Figure 3 Effects of applying mucus and bamboo charcoal on the DTPA-extractable concentrations of Pb,Zn,Ni, Cu and Cd in sludge

ARG Cu & 5T U N 2 3 IE AR G, A G R
B4y 5 -0.928 . -0.863 . -0.901 F1 0.855 (P<0.01) ,
A RS Cd & i 5AT RS I AR DA i 2

R T i R W R S T e HENE S 4
Ja& AT R >R FH S 053 0 A (PCA) X 35 4 @ AT
WA M . B it PCA RS H 56— R4 (PCL) |
5 F RS (PC2) Y BTHR 2343501 R 71.5% F122.2%,
Z 2 TR IAF] 93.6% ., UMK 4 Fir /s, CK 4b 23
ZH T4 Ab B 43 B AE PCL 5 1) b X 5 42 Jg A ok %
PR B S OE GO, T TO Ab BRZEAE PC2 Jy i) X &
& B A RCPE RIS B B RN 5 PR, CK A HR 42
4 JE A Rk R T AL B, TO FI T4 b 3 FAIK &
SIEANER BT JEAh, X S R E 4R R
F R AT R I, DAtk — 24 Hr 5 P 4 )8 X
A FE RSB TTER, i PCA R IH, Cu X PC1 5 &%
BB %, Pb . Zn Ni X} PC1 [ IE R0 B . %, Cd X PC2
Y AERION, B 0 2 o 5 SRR T, 266 R B HEIE (TO) AT
AR TR 4 J@ A %0k, % Ph Ni  Cd HoAg — 2@ flifb s R,

1 85 7 AP S TN 8% A7 4 (T4) X5 e Hh Pb  Zn Ni HAF
WP BE AR RSOR X Cu A TR AL AE T, RN RT3 rp g SR 3
AR—F,

BhIRCRIAT 2% X 5 4 J A5 kv BV R PLBE 3 24y
TG B B A A B TSI RN A AL R R R
Lol CHEN S5 58 201, 7e eI 0kt o oy 47
B H 4 A AT W B FH 23 BRGS0 3 4 A Ak
KEILUWEIT 4511, 2¢ B A= 9 e R H 3= 5 19 3% 1 B
V01 B 8 1 52 e 75 i, {2 e R B - 3 vh 42 )
AR AR AR bE . FEABIRE P BN Bh AN AT 2% B
i ARTG IR P ) —SE L 4 e A A (E A S
SO 4 JE AR, R AT IR S LA
AR A A3 B Rl 20 (& 5) 15 8 Zn  Ph AN AT 3% 5
pH & 5 M5 (P<0.05) , 4% AL B pH BEAT 2% L4
B B ETE, Zn Ph F Ni A3 &% MRS B R B Bl
pH 38 K, HE B PE 3 5 B8 0 T OM B fE 1 B T T
b, 2 i R TR R S E e R &k
A R, RS TR 45 A BE 1 B Wik, 2 E 4R

WWW.Qes.019.CN




URETRR Rt Y F 4155 5H

, 05 0 0.5 1o
cd ' '
oCK
I 105
_ oT3
3 i 0
Q oT)
§ Tl® Zn
-1 -0.5
®T0
5 . . -1.0
-2 0 2 4
PC1(71.5%)

E4 #EEESRBREVARENTRS
Figure 4 PCA of the bioavailability of heavy metals

after composting

B UUDIE T ARl H A RO R RED 1A, Zn
Pb Ni A 25 OM  EC & B 3% i A & (P<0.01) , Cu
AR OMLEC 2 & 3% 1E M ¢ (P<0.01) . Fifi %5
OM EC % 5 T, Zn . Pb Ni 5 8 M B Wi FFAK , Cu 5
BOPE TR, KO BT AR R AT LUK IS U A A
3 4~11R5, I T i A w4k 1 T FnAT ok Hh i OM A
R JB A 5T, 0 T 9 o v K - R RO 1 45 B e
Y N R e e o N O St R VA VAN X 1]
Zn  Pb  Ni i B 14 F AT RO -2 e 5] 285 v %) I
Jo (A4 Ak IS 5 A HLAT IR Sh AN, Bl A AT ok B 1) 3
AT H 255 Cads A S EHAA P, T5 1L
ISR T Cudi s, T o 1T HAE B 56 1 i 4%
PR RS 4 A A R AR B A AR
I 2 O (0 B A Jm AT R S AR T Y el R
WE—2F W (R 3) ,EC IR M HEAL Cu A 30 h 32 22
K1, OM S 52 M HEHE Zn  Ph  Ni A &M 8 32 38 (1 1~
24 HRESRPESEHRST

HERE BT LA T e A R i i B AR A
S, Herp E 4 T S R M R A A R AR R
P F H AR E AL AR, SS ¥ AS TR PR L 25 A
BEEE DAL, Kb iR Eh 25 A A8 E
5% F\5 U H pH S5 PR 2 A4 52 0 TR i 2 BR BT Bk
BEAAAL S B S E L B T B 5L AL RE 1 55 1wy AP
A AL AR RS E ke, KT B e A
BUTAR AL | 1 5% 1 2 5 4 J 1k R e B, i B AL 4k
fiE IR

i 6 s, B A b BRZE H Ph ONi Zn F2 22 DLAE
B SRR F A B BT A X A R EE A
Bt i b 22 A0 43 R 68.05%~77.00% | 60.99%~

1% WHART]

TK 0.393 0.532 0.568

] TP 0.738 0.756 0.469

TN 0.478 0.448

-0.738

o 0404 0.872 -0.622 0.742
u Ni Zn

Cd C Pb
HRUZS Available
P TR0 53 1) 2R TE 4 Ja AT 3G S M BT = ) 2 W 2
1E () HH 6 (P<0.05) , P (0B AN 2 00k R 287 A 26 R B4 X (R B R

White and black indicate significant positive and negative correlation

oM 0.357 0.702 -0.777

FRAE T Physicochemical property

EC | 0361 0.905 -0.512

between the availability of heavy metals with physical and chemical
properties of sludge (P<0.05) , the lighter the white and the deeper the
black , the greater the absolute value of the correlation coefficient

5 ESEANESEAERNEXXR
Figure 5 Correlationships between the availability of heavy

metals with physical and chemical properties of sludge

R3 ESEANSEEAERMEASTE
Table 3 Regression equation between the availability of heavy

metals with physical and chemical properties of sludge
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