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Effects of IA-HBP for Soil Heavy Metal Pollution Control in Lead Zinc Tailings Area
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Abstract: The itaconic acid hyperbranched polymer (IA—HBP) was successfully synthesized using itaconic acid, triethanol,
and ethylenedicarboxylic acid. And then the IA—HBP was used to leach the soil of lead—zinc mining areas. Static leaching ex-
periments showed that the IA-HBP had excellent removal effects on Pb, Cd, and Zn in the soil. Moreover, when the leaching
time was 140 min, the application concentration was 3%, pH 4.0, and the solid—liquid ratio was 1:15, the removal rates of Pb,
Cd, and Zn were 73.6%, 78.6%, and 58.8%, respectively. In addition, the soil column leaching experiment proved that IA—-HBP
was suitable for leaching and remediation of high concentration Pb contaminated soil samples. Compared to the control group,
the TA—HBP leaching could increase the organic matter content and particle size of soil, reduce the ecological toxicity of
heavy metals, which could provide a more favorable environment for plant and microbial growth. However, with the addition
of IA-HBP, the carboxyl groups of IA-HBP molecular structure could release a large amount of H, indicating that soil acidifi-
cation was prone to occur during the IA—HBP leaching process. Overall, based on the control of heavy metal content and the
growth of plants and microorganisms in soil samples from lead—zinc tailings areas using IA—HBP concentration, IA—HBP
could be applied for ecological restoration of polluted soil samples in lead—zinc tailings areas.
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Table 1 Distribution and content of heavy metals in polluted soil samples from Zhongping Village lead zinc mining area, Heilongkou Town,
Shangluo City, Shaanxi Province

HE A FEBEE/(mg kg SIRRIERGE LH/% A % A] AR LA Bl BRI A%
Pb 1327.59 14.79 17.92 59.41 7.88
cd 216.74 16.21 19.82 59.46 4.51
Zn 711.03 11.56 26.14 49.26 13.04
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25 IA-HBP #F47 LA iR 3156 AR A HE L
PRSI AN 2 R . & 2 ] LUE Y TA-HBP ik
VERT A A pH & A 32810 7RV 4 pH B i
FAARG , 3% 3235 2 T°WE % IA—HBP AU ¥, IA-HBP 4
FEE R R FE R R R B HY, U LA TA-HBP ikt
J& - RERR AL B ., I IA-HBP ik Pk 2 5 & 4k +
FERRALIRE, S54h, LR IA-HBP LSS , A HLE &
EE S TR M 6.27 o/kg HiANE] 17.29 g/kg.
XA HETR T IA-HBP A< B L AE i A ALY B &
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TN 5 [RI TA-HBP 5 Pb . Cd . Zn 55 IR T Y
A S RMIRAAE T LA h S A DL S .
i H, N/ &Gk E , LA h 2R % IA-HBP
WS R BN o DWORLAR 2 3 #r , 28 TA-HBP

WRPR G, A TR OB AR A Ao 1 BB R 3G T, 3 158 BH
TA-HBP kA5 F T2 8 4k 28 )2 J00kE 54 B KU Rk
R FIE, K TA-HBP FH TR pE 50 Ab B2 75 4 + AR
T RIS AR Rk ) R

#*2 IA-HBP#fTHHMEIE T HELERNES
Table 2 Differences in physical and chemical properties of soil before and after IA-HBP soil column leaching
b -1 f A - AT EH /%
IA—HBP ¥ % /% pH HHLF /(g kg™) LR E(g-kg™) e 50-100 <00H
0 6.07 6.27 0.84 10.19 35.49 54.32
5.19 10.07 0.89 24.37 46.92 28.71
3 4.28 17.29 0.96 39.61 51.07 9.32

VR T RLAR A3 A A ML S5 S B0 W R S 2k
FIR , 4 1 2R A 5 4 T2 22 IR 5 Al 2 Ay et A o
TR E ISR TA-HBP 4T T AR E T S kR
SEM 7 Hr 25 R E 12 7 . AL 12 m1 40, {6 T 1A -
HBP A] B i 204 S AR O 25 P TE S . R TE Y £
FERIURE N L5 A8 B BB AN L, FR w6 LA

By Joi 5 ™ L A MORE o T 28 TA-HBP K BE i 1) 1A
TR BT g LB RLAS IS R, S5 MM B B AT B2 = 1
FAEZ Dy RITE W R BOIR 2 b o X P RE 20T
IA-HBP YA HLEC IR BERE B 72 ARk B AL =i
SPECE A LT BRI, M A5 25 A4 A B HLAS 452

(a)ikE Hil

(b))

EI12 TA-HBP# I 5 J5 £ # {ISEME
Fig.12 SEM images of soil samples before and after [A-HBP leaching

2.9 TA-HBP# AT /& s LA % Pb.Cd. Zn T &5 H
O]

TA-HBP itk ¥t J5 LA Pb .Cd . Zn FYTE A 430 T
T AR 3 s . HARWE LA L IJA-HBP
RV T2 L BRI SR R BE T R 1 55 TR L IBGS I
AR JE 2, X Al EJE il T TA-HBP 4544 h & K1)
BRILEREMA  JA-HBP#E A LRSS, 1 e S5 BE AL

4551 Pb Cd  Zn S R B A5, R4 T LA 45 5 RS
U R, 2 R A i, R
Fe” W] 414 i h Fe™ AR 2k Ak W & AR s i (T8 5
Z AR Ph (Cd Zn i ARSI Y5 HAT RS
KB LR E B, MkPETTE PR AR & AR
FEAAR iR A1 Pb . Cd . Zn A 5 % TA-HBP Ik
FIFIRE

#3 IA-HBP#HERIELHHRPb.CAFZn TS ENH
Table 3 Analysis of the morphological content of Pb, Cd, and Zn in soil before and after IA-HBP leaching
LSy SR PE S/ % TSRS % Tl E A% FRARA%

ARV 16.21 19.82 59.46 4.51

cd H.O 9.90 18.94 59.38 451
3% IA—HBP 0.11 1.33 46.35 4.51

Kk 14.79 17.92 59.41 7.88

Pb H.O 7.59 17.67 59.37 7.88
3% IA—HBP 0.17 0.94 39.81 7.88
ESUSTR 11.56 26.14 49.26 13.04
Zn H.O 9.17 25.67 49.09 13.04
39% IA—HBP 1.62 11.26 47.18 13.04
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2.10 ITA-HBP 43 XAt A KIEN
KM YA R 240 8 T TA-HBP 4L B+ FE R G
YR AEN RS AE R E 13 i . WE 13 1T LA
il AT ARMPEM LT, 2 IA-HBP kUt S
B A, SR T A HA AR R ZERAE R AL, 3R
HITA-HBP W UEFIH Ty PE R E X L HASBR

(a)ih % AT

i, A A AR R 710 & 25 AR K R 7E T
HTA-HBP J5,—J7 I, LA & AR & i 1
W4 B, BRAR T R4S m 3 A K A E A
F—Ji T, ERE S T S A LS, A KR
HER T RE B TR LT £ | 15 TA—HBP kU5 I F
PRI X A REIE BRI ELA B 0 A 2R

13 TA-HBP# 36 7 o A8 40 A K 15 U
Fig.13 Plant growth before and after IA-HBP leaching

2.11  TA-HBP#kzbay & * LA A a9 h

%4 4 TA-HBP 23 - £ 7 5 13k 8 1
O, G BN AT XS IR 5, 24 TA-HBP kU 5
) A A B I /NI B AR R A
2 TA-HBP 11t F ¥ B R T 5% B, & B 2R TR 1
e LT I SR i A R E R AR SE R TR
i, Tt TA-HBP 19 & — e 3% 2245, T LAFE
SR it FH e B 45 F , IA—HBP ke 7 A R 2 i A
W IX AR P A KRB TR IkE % TA-HBP H F
FVER R X A B A A v o 4 i T e s I, B A A
DR REK

£4 TA-HBP#ERTEX T4 a0

Table 4 The effect of IA-HBP leaching on microorganisms
in soil samples

TA—HBP Jiti ] ¥ 1% Mg M EEY( -2

0 7.052x10" 1.733x10°

1 7.931x10* 1.047%x10°

3 6.912x10" 1.584x10°

5 6.074x10" 7.693X10°
3 #Hig

(D) IR FRERR = B K &~ H R R &
BLIA-HBP , JF L Tk X 4, AH L T8
FR T & , IA-HBP GEAZ SC B+ #F 1 Pb . Cd . Zn 1Y = 2L

(2) A IR PR T2 560 A B, 7 £ =140 min it JH R &
M 3% . pH=4.0 K [# 7 [£=1:15 I} , JA-HBP Xf Pb .Cd .,
Zn B =BRR A5 H 73.6% . 78.6% 1 58.8% , H.FH T4+
B IX AR Cd 1 B s A B I B bk R s 2 5+

FErPARFR e B Pb 4545, fi115 TA-HBP X4 BE R A X
A Pb.Cd . Zn AR CA>Pb>Zn, 39k, 7E
pH=4.0 . [ bb=1: 15 [} 5504, SR H T ATk e SE g si 4
PFHMALS , 24 TA-HBP i B ik 21| 3% i, Pb & 28 {b &
JHA G, R #RIAF 51.2% , IEH] TA-HBP 7] T Pb 5
Ju +HERMR IR R S

(3) LHLIA-HBPIMUES AP 5 6.27 g/kg
HANEN 17.29 g/kg, H A Kokif2 41 43 H B0 B i 1Y
s (B k625 IA-HBP [W¥s I, IA-HBP 73T Z5 4 i
FRILPE K ER H, R IA-HBP ke 72 5 & A
T RERRALIN T, 540 TA-HBP IRy 35 2 L5 1 2
IR RE SR H 5 TR IR BUS FI T IR RS R4 &, L
FEAR TR 4w A 5 31k

(4) 2 3% IA-HBP kU5 19 A4 ) HA T4
AR, A EDI A K X R TA-HBP
WRVEF AV RN X LRI B R A4S

(5) TN R E J4 0, Brery X HiEh 2
15 Y B8 AE TR, ABFIE IR BT S Pb Cd
ZnF A JE T Y oA B IEPUER OB EHEA L
HYIINE A, T —70 BT 25 YA 1
HATMER IR BIR T .
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