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Abstract:  Objective This study aimed to effectively, rapidly, and cost-effectively purify wastewater and repair soil from lead
pollution. =~ Method The remediation effect of a lead-remediation material(superparamagnetic micro nano Fe;O,@

Ca o(PO4)6(OH), functional material, MFH)on Pb*" in wastewater and polluted soil was studied in terms of dosage, initial
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concentration of Pb**, adsorption time, pH, ionic strength and organic matter concentration. Result The results showed that the
adsorption of Pb®" in solution by MFH satisfies the pseudo-second-order kinetic model. The adsorption equilibrium was reached
in about 10 min, and the maximum adsorption capacity was 181.6 mg-g™'; at pH 2.00~5.00. Also, the removal rate of Pb*" in the
pH range decreased with the increase of pH while an increase in ionic strength of the solution inhibited the removal rate of Pb**
by MFH. Nevertheless, an increase in the organic matter content in the reaction system effectively improved the removal rate of
Pb?* by MFH. MFH showed a good lead-removal effect when applied to lead-contaminated soils in farmland and industrial parks.
The addition of heavy metal activator EDTA can significantly improve the removal effect of MFH on lead in soil. In slightly
lead-contaminated farmland soil, the total amount of lead removed was 102.74 pg-g™'. After experimentation, the recovery rate of
MFH from soil was over 88% by using a magnetic rod, while the recovery rate of MFH regeneration performance was 89.49%.
Importantly, the magnetic properties and specific surface area of the regenerated MFH recovered well, suggesting that MFH had a
good recovery and regeneration ability. Conclusion Therefore, MFH is a good material for the decontamination of lead-

contaminated wastewater and soils and its usage is promising given that it can easily be recovered with its basic properties intact.

Key words: Magnetic composites; Hydroxyapatite; Lead-contaminated soil; Adsorption performance
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Table 1 Basic physical and chemical properties of the tested lead-contaminated soil
- HHLFR B T A N
+ cd/ Cu/ Fe/ Zn/ Mn/ Pb/ M
pH  Organic matter/ CEC/
Soil (pgg') (pgg') (pgg') (pgg') (pgg') (pgg') Soil texture
(pgg') (cmol'kg™)
A 7.46 12.56 3.60 0.14 23.64 46.99 10.83 1.61 182.5 Fi Clay
B 8.23 8.63 5.32 0.03 0.23 31.90 0.89 3.15 2194.4  HPJT Sand

TE: A, RESGYRIE; B, TEXEERLE. TR

soil in industrial park. The same below.

1.2 BRI DIK MFH XA R Pb>* & W% it
1.2.1  SFIRIW AR SRR S O R T FRERL
—EJRE M MFH T4 50 mL Pb (NO; ) 1)
BLE T, BESNE | PR | pH S R T,
FE 220 rmin' AEEHE T RE G — RS, R REER
W AR B 7 B R, N s, KA
JE 43 66 TN S W T PO™ RIA IR I

MFH B 520 . 23 5IFREC 0. 0.05. 0.10,
0.15.0.20,0.30 g MFH, iF P14 P> e B~ 625.63
pugmL ™', pH N 5.00, IKREELE 15C,

VTG PO U AR . AR BRAE e v
M0, 50, 100, 200, 500, 750, 1 000 pg-mL "
PO> VAW, FREL 0.10 g MFH.

pH M50 . & BYS WIS pH b 2.00., 3.00,
4.00, 5.00, YAWHILE Po> MR IE K 625.63 pgrmL ',

BT BRI . DL NaNO; /F R 3255 B i Bk
P RN AA R R, WCE B IR 00 0.02,
0.10. 0.30, 0.50, 0.70, 1.2mol'L ',

AL T TR B 0 S E VA RTINS A T
( Q/JFC043-2004 #xif, ¥ E L= B A BR 2
Al ), DA WA HLB AR & o MFH WFfE Pb™ (1
. R IEERWE R 0. 10, 20, 50, 100,
200 mg'L ™",
1.2.2 RIS (31257 ) B R Gt E A
0. 5,10, 20, 60, 120 min, FHL 0.10 g MFH F
4 50 mL 625.63 ug'mL ™' Po? AW O T,
W pH 4 5.00, IARIFEELBE 15C,
1.3 MRARAE

X B 4 47 5 X XRD ( BRUCKER DS
ADVANCE, fEEf% ), AR5 SEM
( SU8020, H A H . ). #i3hFe & #E 58 i VSM

- Note: A, lead-contaminated soil in farmland; B, lead-contaminated

( VSM-Versalab, Z£[E Quantum Design ), H 3%
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49 MFH ., W} Po™ 5 R A+ (A-MFH ) DL
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Fb R TR DA S i R BB AR S A T RAE . R LA
%%{Wﬁg?ﬁﬂr%g%ﬁ pH ( pHpzc )o
1.4 MFH 35 TR EREES

PRI 1.6 kg A4 FHATT5 e 158 A Rl el X 4
154+ B T 1000 mL BERRH, #4815 cm BHEZ
IR, DK 1 1 KA, i EE KR
2% 5 cm, HidE 10 min, K HIRY . DO R
0.9%Lt@lhn A MFH #4 8L, [E&GEHE 20 min, #HE
2h, TEMEHS 3P e IR RO EAE RS
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3 W BRI HERWCE L, AR Tt
THI 1T PoT R A MR, AR HS Y 1K )E
BCR LU0 5 +- e A A28k, Hih B35 P
WP AR PTAS BT IY — 8B40 o AR I Ak B
JEEVE BB AR A MFH MRS G + 3 R Y
FBRECR .

A BRI B BRI . HERT
Ye AN EDTA {G4L5FI%T MFH 2% Bk 4 545 1
o, PREGSY: 4 AL B, BE 2 M. DA
EDTA; QFHUTE i EDTA, VA% T /K M4 2k ab 28,
ffi +-4h EDTA & 4 3 mmol'kg '
1.5 MFH @¥5B4%
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K S AT RE W - A, DUR BRI S,
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ZEPHER RIS, LIAFETTE MFH X4 Pb™
F1R) I A o B %
1.6 HELIE

MFH i ##ER (S) AERERE % (H) HF
Aok

S=—2 (1)
my

H:Q (2)
A

KA, m N T PO R-MFH 5 25 W T
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m
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2 R 51HE
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Fi o FEMR BRI A 2 h 408 F, MFH 808X Pb*>*
FBRFAG T A LR UL A 1. f BRI, MFH X Pb**
) 2 3k S Bl 5 oo A 8 i AR 1K, A A e
BRI B 750 R PO> HRRIE T B 2 R S R A3 AN, PBPTR]
A PR MFH (75 M 5517, i
KF 020 g BF, MFH X Pb* £k 152.6
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60}
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O =—
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e B RN BARER 2% . FIRl. Note: The error
bars in the figure are the standard deviation of the data. The same
below.

Bl 1 MFH SR Po™ (1 W R i
Fig. 1 Effect of MFH dosage on the adsorption of Pb*" in solution

2.2 ARFAREXT MFH R Pb* B9850
P> 7E MFH I (1) %5 i W b il 25 DL I 2 MFH %
T PO W BB A POY T BA MR R A48 o i
K, M POT IR BOAR BE /N T 200 pg'mL ' B, KBk
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PH B8 0 3 0 3] — o A (0 WA RS o L 58 4
FUF, Rl L o 396 < 28 4 % 1k 1S i U

SR FH W B 4 SR B R MFH X Pb>" 4 Wi B 1 A
HEATHNG, 0 W 500 ) 2 T 45 4 R B AL . ey
2 2 [, Freundlich Jr & bk 280 R 5%
0.969, A LAHIE Freundlich W i 45 IS AU B 45 & 2
oA T MFH X} Po™ I Bt A2 i #0225 7 L R
T 22RO sk, W R R a1, U
Bl MFH XF Pb* ) K AR WL, W Bt A2 R A
A1, PIAFS I MFH X Pb (T1) () KW B 6E F1 R
181.6 mg-g ', H5HALREYEWRMRIA L (£ 3)
M EA B RS T,

E 60 &
Tog
& 200} L
2 e
s —
5 150}
5
= =
= £ 100}
=
s 50r
= = P R Equilibrium adsorption capacity
= Langmuir &I )4 Langmuir model fit
!_5‘
jon
3

OF = ___ Freundlich #1424 Freundlich model fit

0 100 200 300 400 500 600
iy i Equilibrium concentration/(ug-mL™)

Pl 2 MFH X Pb™ (10 45 T 0 B R
Fig. 2 Isothermal adsorption model of Pb*" in solution by MFH

%2 MFH * Pb? By 558 IR M4 Bl &

Table 2  Fitting results of isothermal adsorption model of Pb** by MFH

Langmuir W A% Langmuir model

Freundlich W [f{#%%! Freundlich model

O,/ (mgg") Ki/ (L-mg!) R*

K¢/ mgg') - (L'mg') '™ n R*

181.6 0.413 0.841

63.42 5.532 0.969

R3 ANEHEIEIRMFIXT Pb IR EES

Table 3 Comparison of adsorption capacity of different magnetic adsorbents for Pb

EPER A Magnetic adsorbents R ZEo

Maximum adsorption capacity/ ( mg-g™") References
Wik Z L5 BFHEEIL R ( CS - EGDE / Fe;0,) 41.17 (8]
FLIE R I B R AR UK BT (MNP ) 56.6 [20]
Fe; O/ WIKG R G W 94K 5818 (CD poly-MNPs ) 64.5 [21]
JETERR (L Fe;O4 BEMEYIKAL T ( Fe;04/HA)) 92.4 [22]
FFEEIR I Fe;O4 UM H I (MSB) 116.7 [9]
ALY FEEEN FLE A Tk (Fe;0,@Si0,-NH,) 128.21 [23]
A B R R E R LB IR A (PMGO ) 274.73 [17]
Fe;O,@L-Y: M &2 A 3R 64 ( MSAL ) 330 [11]

Fe;0,@Cajo (PO,;) ¢ (OH) , (MFH) 181.6 ABEFE

2.3 pH Xt MFH IRM& & Pb* 820

7E pH>6.00 B, kM PO W ( 625.63
pgmL ™) KAE =4 B, JER Pb (OH) ,
UUUE, T pH<2.00 B, &AMk Fe;0, KA &
PR 75 1 S LA T TR A R A B, IR R AT i
% 55 pH 2.00~5.00 YL A, pH XF MFH 1
Bt BE B RZ i o AL 3 T LA L % pH Y5 IRl N MFH
Xt Po> A 25 bR R VA pH AU INI N F%, B pH A

2.00 BfEBRR 98.02%FF 2 pH A 5.00 B} ZLER%E
53.69%. X2 T pH &4 ] i 2 248 MFH fik; =
T B4 FECBR AP

Pb (11) FEREMEFEIERE A 1 e it = B 3
284 . BT ACH VAR DTE A L I B AL AR T
He, & PO EELE FesO4 FIFRREME K A7 2% 18 1Y 2
M, X (5) X (6) BAR T REEESWAIE, H
Hi, S fRF Fe,0, MBI AR FE M, H' 5 Pb™
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Fig. 3 Effect of pH on Pb*" in MFH adsorption solution

TR RS G, X — SR R R IF IR
PR 0 BREALAN Y, Hok, FERRMEAUETT, BIEREK
ARV, W BERIES P> RN U,
I, W B E N K R LB IR A R 0 1Y Pb™T, 5 Ca™*
AT B sl (2 (7)), f#if5 MFH X} Pb> I fff
W, AN, E IR A TE TR
JRATKE Po Ay Bt AR e, 20 (8) —a20 (11) R
TR PR I AT 1) 2 TG A SR TR R B
14 2% R o

MFH %5 H, 150 pHpyc M 8.3, 280 2514 F , MFH
WURL R 1 347 (E LT, BB pH YT, filf MFH 3%
T I L far b, — 5 A R PO 5 — T
KR PO I S A b 2 2 , B pH
MFHEr, OH MKEEZRWHE N, 5 Pb™ & A e U,
JER Pb (OH) “~Pb (OH ) /> %5 L R ILF LAY
s B F . OH ML SE S AU T MFH Xf
PO> (MR B, T L 22 AT LA AL A TR R, B
JNY P (1) R F L far, 4547 f LAY MFH 5 Pb™
WY R T FAARG, AATEAS MEFH Rl IR Ag Po> i /b
R R, MFH {4 W B0 T8 Pb (9 255k,
& T8 pH Ju . 1 H pH KT S {ERIN A AT
AH S A R BREPE T, G R T R ) R o 5] 5 1 e R o
Fi (P ) Z I AS (LA 37 B 4 e el A B B, 5
DUJ PR 2 R AR FH LR AR 55 o

S-OH + Pb** —» S-O-Pb* + H* (5)

S-OH +Pb** —(8-0),-Pb+2H"  (6)

Ca,, (PO, ), (OH), +xPb*" —

Cay Pb**x (PO, ) (OH), +xCa®* "
=FeOH + H* <>= FeOH} (8)
=FeOH <>=FeO +H" (9)
=PO™ +H' ©&=POH’ (10)

= CaOHj <>=CaOH’ +H" (11)

2.4 BEFREX MFH RHHA RS Pb> B0
TESREE A 15°C . WRRM BRI 2 h, pH 4 5.00,

WIhh Po™ U 625.63 pgmL ' 4R, BRI}
Pb> LA LK 4. WTLAE I, BEE R R
H NaNO; 3B A48k, MFH X} Pb™" (22 R0 i
FEAR . NaNO; e i 0 885 1.2 mol- L' B, K%
i 57.96% % 41.75%. WREREA: (1) MEHER
BFRR AN, PO IS R BRAE, ANITBILAS T Pb™
AR Z P BLE] MFH £ 0fi . (2) Pb> 4 W B 5 nl
5 MFH (36 A S8 RS2 R ECA P, A
Na 8% W B ) S 2 R TG VRO 45, X MFH B fff
Po> HA B KM HIE Y, (3) MR 7o
B, A e A 5T B R 4E MFH 3 BIOBUHL 2 R B
M55 T MFH kil s HER/ER , iz kAR
B, A ROW B S B >, (4) MFH 5
P> K IE W P RPN H L R S I, B T
SHR JEE T, Ao i A 5 S 2 A L MIFHL R 11 47 A

60
55t E\-
50t

45+

Pb*" 2B removal percentage/%

40

0.2 0.1 0.3 0.5 0.7 1.2
2 F3 B Ionic strength/(mol-L™")

B4 B FsmBEXT MFH W BRHA W P> (5%
Fig. 4 Effect of ionic strength on Pb** adsorption in MFH solution
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701
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60
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50

45r

Pb* 22 4R removal percentage/%

40
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Fig. 5 Effect of organic matter concentration on Pb*" in MFH
adsorption solution
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W, IRE)T UL, ETFLRBY B, MFH 2 1H 1Y
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1 HAP 1) 5T 5 45 H bR S B 6 — 30, % H

2501

200

o

Pb* LR
I
[

Pb*" adsorption capacity/(mg-g™")

100+

N
S
T

0 20 40 60 80 100 120
FE] Time/min
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Fig. 6 Kinetic adsorption model of Pb** in solution by MFH

%4 MFH 3t Pb> By IR Mz h RIS

Table 4 Fitting results of kinetic adsorption model of Pb** by MFH

WE—2% 3 1124 )7 12 Pseudo-first-order kinetic model

W5 712 )7 % Pseudo-second-order kinetic model

R g (mggh) k

R g,/ (mg-gh) ky

0.992 183.0 0.387

0.999 185.9 0.012
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Fig. 8 SEM micrographs of MFH, A-MFH and R-MFH
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Fig. 9 Lead form content of lead-contaminated soils A and B before and after MFH treatment
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Table 5 Remediation of lead-contaminated soil by MFH and strengthening effect of activator

SRR SRR SRR R
s Total lead removal quantity/ ( pg-g™) Total lead removal percentage/% Total lead residue/ (ug-g™)
Soil AR s KN KN
I With activator NI With activator
No activator With activator activator activator
A 30.43 102.74 16.67 56.30 152.08 79.76
145.60 160.53 6.64 7.32 2048.80 2033.87

http://pedologica.issas.ac.cn



6 M i

H 5 IR EA K MFH DIRERT RO 855 e LR IE 05T

1685

%6 REHIAEEN TR MPH B E 50

Table 6 Effects of different magnetic field strengths on the recovery of MFH in soil

RS

Magnetic field strength/G

Wit A i

Recovery rate of lead-contaminated soil A/%

s g+ B MR

Recovery rate of lead-contaminated soil B/%

3600 88.22
4000 92.91
4500 114.02
5200 117.16

89.19

96.23

114.62

123.01
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