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Study on leaching effect of sludge-sourced humic acid on soil contaminated by

lead and chromium
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Abstract; Humic acid is extracted from the municipal sludge of Zhengyang Sewage Treatment Plant in Jinzhong
city,, Shanxi province, China,and used to leach the Pb-Cr compound contaminated soil collected from a smelting plant in
Yunnan province and a mining area in Hubei province,respectively.The effects of the mass ratio of soil to humic acid at
1:10,1:20,and 1 :30, respectively on the removal of lead and chromium from the contaminated soil are studied.The
humic acid extracted from the sludge is characterized by means of SEM and FT-IR,and the contents, distribution forms
and enzyme activities of heavy metals in the soil before and after leaching are measured by means of ICP-MS and UV
spectrophotometer. Results show that the sludge-derived humic acid can reduce the available content of heavy metals in
the soil ,the removal effect of Pb in red soil reaches the best when the ratio of soil to humic acid is 1:20,and that in
black soil reaches the best when the ratio is 1:30.The removal effect of humic acid on Cr in red soil and black soil
increases with the increasing ratio of humic acid to soil. This is because humic acid contains a large number of functional
groups , which can provide active sites for heavy metal complexation reaction, thus reducing the content of heavy metals in
soil.
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£ 1R,
F1 T EBEUER
Pb Jii i /3 Cr it 73 8/
o (mg-kg™") (mg-kg™)
A 13 1 8.3 2619.5 83.0
k42 5.9 1548.0 74.5

1.2 BREBOHETE

FREL 30 g V5 e RE &I 100 H i, it A 500 mL
B F BRI L 1:10 B EE BN A 0. 1 mol/L
HCIL, 5 1 mol/L HCL WK pH 2 £ 1.0 ~
2.0 Z L SR EERL h, 25K HIESE
FH R VR FIIR A 1 LA 3 000 r/min (1 55 B O
15 min 73 B UTHE , KEUTRELL 1:10 F EG A9 2544
A 0.1 mol/L 1 NaOH {a’r’;‘(ﬁi,?j‘ﬁﬁﬁ 1 mol/L 1
NaOH A% pH R RIE 7.0, 1% B 10 50F T &
SR 4 h, ZJGHE 12 h, L3 000 o/min )55
B0 15 min 153 FiEW ., B B3 6 mol/L )
HCI i E AW R ILZE pH A 1.0 SR 5K
PRI B TR IR 12~16 h, LA 3 000 r/min 5503153
VEWR VLR, HA T S SRR B UTTE
B TR R TR IRE TR 2R TEIR .
1.3 MERIME

FIH A8 B o AR e 21 A0 43 6O BE I (FT - IR,
NICOLET iS1, Thermo Nicolet 2 &), 26 6 ) X} Jig 58 iR
HRER AT R AL, FH 94 d - B BE (SEM,
HITACHI, H 3728 ], HAS) X J 58 R 1 s W8 331 ik
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At
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1:30 BYA[RIBEAR ik e ok B 1) S B R £ 2 B8 1 4
A A PR BT A7 B R, SRS FH R A% LA 800
r/min PEEBETERE 2 h, BRI Z5 G, B Gl
Ph 3500 v/min B3R FE 5 B UTIE S FIH R 40T
VE FHZEIR/K Mk 2 3 J5 CFE (25 ~35) C RS- 1 T Ak
T W FER PR AT A A 0 T A
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-39 5 R B R 1 AR L
pagiEil 1:10 1:20 1:30
21 2896. 5 1410.0 1669. 5 1147
a1+ 1516.5 723.5 220.0 644
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2L AR Cr TR BT LE 1:20 e T [
L 1210, 302 R A A R0 S AL 55 TR B R S
BLAE R T ERER 2 S ) A SR AL, ARSI TS PR R
RV L], 13 Y Cr JTUR RS 5 THIREE B )
AR 25 B A J T I 1 245 W S AR, O B T R IR
Heth L3

®3 MKEEELEP CrSE mg/kg

-3 5 JRE AR R 11 K L
XT R ZH 1:10 1:20 1:30
Rt 114.7 32.5 13.5 7.5
art 110.0 16.0 24.5 14.0

2.5 WEBIELIE P EESHOM
ST R A )= N s w3 Rl o W OB I s
R4 PR, IR 4 AT LUE 76 32 i kvt
SCENE Ph S IERAE LT, 20 Y Ph 55 R #E
B A BRI 1 157.5 mg/kg FRAR Z fe/)s
203. 5 mg/kg; FRIAE AT B H FOEIY 142 mg/kg I8/
% 135.5 mg/kg, BAH Pb B[RS T EM
1 759 mg/kg &K 2%/ 354 mg/ke. RIS &R H
412 mg/kg Fik 443 mg/kg, &I HE R X 41 £ FN
B Ph SRR EEHCS KBRBORE R, XEHRT
JEFE IR A KR A ML BE AT, T LA 5 2 e X 1
Herh Pb ARGEA A RAFH LRSI, Frh bk pkn
Pb 1 55 IR U i 3 005 T 0T 8 R A ] A A4
R Ph AT BRI IE R, S XTI EE 7 A AR
e, 5 H A= B A Ph 55 R B2 UGS Ak 4d
FULSTEM B Z A AL BRI K, Ph 78 12 4%
HIE R MR RS 25 e AT AT
R4 HEBIELEF P IEESTE  mgke

5 R R 1 R L

XfHEZH 1:10 1:20 1:30
PhRES (2 1) 412.0  387.0  443.0  401.0
Pb SMRIEIGS(BLE)  1759.0 472.0  456.5  354.0
Pb AT LA (BB ) 226.5 191.0  208.0  227.0
Pb AlAJEA (BB 1) 654.5 474.0  441.0  462.0
Pb BREA (L) 142.0 124.0 119.0  135.5
Pb FMRIEIGS (£1+)  1157.5 203.5  244.0  232.5
Pb Al A (L0 1) 65.5 77.0 64.5 96. 0
Pb iR (41 1) 91.0 187.0 163.5 126.0

2.6 MIEBIELIE Cr BESHIN
WRGERT S AN E] B3 Cr RIES S0 A dn ke 5 i
No MRS HRT LA P2l i Cr S5 PRI
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AR BOR /D, B 86.5 mg/kg FEAKZE e/ 22.5
mg/ kg ; 4% I8 45 51 5 0 45 H SR Y 25. 5 mg/kg 1
BT 8K 26 mg/kg, B4 Cr 5502 2 HES B &
S3HUN 3105 me/kg FEIRZE Fe/)s 66 mg/kg; Bt 2
FRE B 22,5 me/kg 25K 22 me/ke, B JE A
FRX e Y Cr 55 R $2 IS T 73 B8O 6 AN i 1Y
ZERFOR . BB LL L RS2 56 rh 59 SR Le )
O I, Y Cr SSRRARIGS & A R, TR
PR A rp B R VR LB B0, Cor %) 553 TR 1 B 5
RREGIE ST 2 (1 S Y s S B N4 R S W 0
SE M REE #0045 2R 4 Cr BB FE 4 M
SR AT 4 G T £ B LAY Cr, 2R IS
WRPESE , & Ll & Cr A AT A 5 o AT BT I
%, X2 KA JE BRI v & A7 K i ik R R 4550 it
PEERER . PRI IR A0, 5 m B A ke 5
SRTLERT Cr (19 LB & ANES BOR8CR s X T20 iy
7 BARAYIRTE L BIRE 22 BREE 219 Cr 1955 TR $2 I
SULGRIRAS &5, R EEmR Y L3 h o g
SO RS ROR , BB L3 P E FH AR
1) G $E N AR Cr B Ak X PR 85 fa BN AN 5

xRS5 HEBIELIER Cr IESSHE  mgke
398 5 R VR L

R ZH 1:10 1:20 1:30
CrikiBa(2t) 22.5 18.0 19.0 22.0
Cr RIS (BL)  310.5 84.0 73.0 66.0
Cr il E LA (EL) 18.0 11.5 12.0 14.5
Crit A (B +) 48.5 14.0 21.0 21.5
CriRiEd(4a+t) 25.5 26.0 23.0 23.5
Cr 55 IR (40 1) 86.5 22.5 27.0 26.0
Cr TS (4 t) 14.0 14.0 7.0 5.0
Cr [ R (4 +) 32.0 19.0 17.5 27.5

2.7 HBEETE L IEEE SR EITN

- S T PR A B A R TR I T
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T ) TR T B AR P W WA, PRI 0t - S AR T R (R R A
Y KM E B R (Soil Urease, S—
UE) J& T304 25 R G0 1) B2 iR 40, 78 38 ) o
A ARE A T A AR, IR BRI
TEY) (LG R AN T L 55 ) Fls SR A
B — K e e, 7 g B — PR R R A
KR A A, 1 IR I M 5 g b U Wk
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5 TR [T L
XPREZH 1:10  1:20  1:30

B REMEERE P/ [mg- (d-g) '] 91.42  9.36 35.27  6.49
21 RS/ [ mg- (d-g) '] 85.66  53.99 64.07 59.75
A RS E/ [ g (deg) 7] 94.22 487.31 396.55 186.74
2 A IRERGEVE/ [ nge (d-g) '] 86.37 151.48 89.90 145.53

3 #ig
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(A I G 10220 B XTLE £ Ph 2 BRACR 451 :30 A
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IR0 FH 2 P 3 v 2

(3) EFHIR XS 3275 - rh H 42| Cr Pb 9552
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HRDR BTGP IR S 50X - 35 B R T M )N
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