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S SR B 4 s e X T A F R o, R
SR R AR SO T T SRR
VU 2R A = R A IR BT , S 245 3 1 e SR
SRR

ARICE A 22 SRR B A D S KGR i
SRR il 6 20 K 1 58 JE B Bl Bk (MCNs ) %
HER A M A s PEREHEAT R AL . B AR B
70 M B ER (MCNs) | fOK B 4R 7 3R M Bk
(MCMs) \ZyK 52 ZE Ml Gl Bk ( CNs) FIRIOR 572 FE Bl
Tk (CMs ) I3 P AN [ 2 <5 Jo 18 T ) IR o,
Wl S 22 S R B 26 ) S R R AT IS o IS,
T3 S A L B R A A A A T A

LBk

1.1 E=iH

FEIRME (7511 620 ku, B ZBESE ~95% ) Iy
T 255 P 2GR A B2 W) 5 A 0K DY 4 A = 8k
(20 nm) | ZRBEER AN LA (1) (4% ( I1) FOgE
(1) #r #fE ¥ 9 (1 000 pg/mL) K F Sigma
Chemical Co. (SE[E) ; UK B Wy K HEBH 8 WA
G B ) 5 258 1K T T Lk e s A FR
L NFLIE MCF-7 20 i A 5206 5 AR A7, 40
ki IRy DMEMF12 K2 i 15 W4 T Gibeo (32
FEl) o HAtL iR 24 oA [ 7 23 M 4 e o3 A 2 A 4
5:38
1.2 ZRERERAGE

FeRMEE IR T 1% MBEIRIE, #1145 0.5 mg/
mL )58 R, 9 pH 2 4. 6 F£H10.25
wm (IEIE AT g . T ALBRBE HE 47 R 35 1 500
v/min XA RAFLEBERE , 73 5K 5 5E M T L
Oy 41 F14:3(CS/TPP) [ 22 BRI 1 (0. 5
mg/mL) EAG TN FI5ERMERM D o Rk
15 min Jig B0, f# % % T 4 AL ( LABCONCO
7948030, SE [ ) H PUHE ¥ TR T4, 19 2 49 K KA
KFETRMER (CNs/CMs)
1.3 ®mREREKEH &

Fe R IR T 1% MBS, #1175 0.5 mg/
mL )58 R, 9 pH 2 4. 6 FFH1 0. 25
pm (IERRIET T B . FHPLBRBEFF A 55 1 500
v/min S RAFFLEBERE A — E RGP U AL =
BRBTFI(0.5 mg/mL) ZA& A FE RBHA W T,
FREEEFE 10 ming FPEEBEFEE 00T, K 5 52 SRk
JitiEE O 42 1 A1 403 (CS/TPP) [ 22 R WEIR A7
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W (0.5 mg/mL) ZZAE A, FFZEAEFE 1S min J5
B0 RUTTER R TR, ) 2515 B 40 K Kok
R PETE SR AE R (MCNs/MCMs)

1.4 HREK Zeta BALNE

IS HE8 VR TR 5 B R 25 B 1K b
PO, T BOG KL B2 {X (PCS, Nano-ZS90,
Malvern Instruments Corp, JZ[E) & Hk7 424 4
e Zeta H3AL o
1.5 IR

BUE 8 VR TR 5 AR R 25 B 1K b
P i 2 X R (st R R B R
BRUEAE 2 A, b st), (1 3% 9 7 BB
(TecnaiG2F20, FEI, [ ) WG bt £l i 5
FEAE(100 kV) 2,

1.6 {LFERERTE

SPOE F Ve R T MR S O AL S TR AL B R R 78
MR, I R Bt 20 50 56 3% {) ( Nicolet iS5,
Thermo Scientific, 32 [E) X} HLL A M E 1T RALE
TEEAH XA T 4 000 1400 em ™' 28], A
FERR I 16 K7,

il 0 B R X 5F 2 Air 4 ot i 4 (D8
ADVANCE, Bruker, [ ) %5 BURE AT RAE o
RFRE 3 1,20 FEA T 5 % 60° 2 ]
1.7  ##EIRHTERER R

P (10D I R CID) AnifEis i (1. 000
peg/mL) SR I =B, P8 pH 5.0, #
0.02 g WA ik £l (CNs, CMs, MCNs, MCMs ) 43
SIIMAZE FRE W, =R TR WM 2 h, &
B — 7 P TA) IR B 2 mL 9, 500 I T . T8
T SOE T AL (TAS-990F, PERSEE, [ )
D25 i TP B 4 S B TR
1.8 £WHEAMEITMA

B FiF ( CNs, CMs, MCNs, MCMs) 435143
BUfE 4 10% FBS I 1% WL K DMEM/F12
(1:1) [ B 5 kv, T 8 35 A W B 50 ) DMEM/
F12 B3 5535 ¥ MCF-7 4 ffaffre 96 fLA H (10
cell/fL) ,IEBEAE IS 12 h 5 5 BEFR AR 0 & A
R o 790 By 1 R BE AR SR 7 24 h (37 °C, 4 At
5% FHXRIE 95% ) . BoBREG IR AL, I8 i
10% 3%+ ( Thermo Fisher Scientific, 3 X ) f
20 B SR A UK 22 1 97 30 ming B AR A
(BioTek, &)t 570 nm AEMOGEE , ik i
MARHREME . 5 20 BRI S 2 20 P 200 i 5%
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629. 21 nm, ff P 5 5 WE WK 1 B4 23 A A T
164.05 ~768.69 nm, FHE T 780/ 2 BUMEEREN
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Tab.1 Particle size and Zeta-potential of adsorbents

W 5511 Fif%/nm Zeta HiL {1/ mv
Adsorbent Particle size Zeta potential
CNs' 120.80 +40.99 6.06 +1.24
CMs? 629.21 +46.90 17.43 £1.90
MCNs® 164.05 £26.67 9.91%1.21
MCMs* 768.69 +79.63 23.44 +2.73

T L GORFERWERR; 2. WORTERMRIR; 3. QKR RENEST R AR
R s 4. WORBEVET R R

Notes: 1. Nano-sized chitosan particles; 2. Micro-sized chitosan
particles; 3. Magnetic Fe;0, loaded chitosan nano-particles; 4.
Magnetic Fe; O, loaded chitosan micro-particles
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Fig.1 Particle size distribution of adsorbents

Fe R WEIIR S 1 72 R BE R K 4 sk
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Fig.2 TEM and EDX analysis of adsorbents

FT-IR 255K (18] 3) , X Tre A (CS) ,
£ 3 357 em ™' Ab AW W4 ) JE F - OH Al — NH
45 PR 30,2 887 em ™" Ab 4 AE IR Wi e v U5 & T
C-HARZEIESN , 1 596 J 1 422 em ™" [0 il m] I
J&TBEME 1LAHE RN - CHy (X FRAE iR 8 5
Tk U R AL =8k, B AT AE 550 ~580 em ™' ik
(I U1 A Fe-O (0 4R Bk 37 5 58 SR Ml
THERFIE P72 RBEOER , 5 52 RBE 35 B L,
LR 0 7 1 W Wie e A8 55, HLR A= 208, FLvT fig
5 2 RERR IS RME AL U P = O ST
ST 5 2 B ER AN I LT S X BE 1201 ~ 1
221 em ™ B P = O 45 iR By, 1 U I 22 SR 0
TR -5 7 OB I S S 1 Y 5 LAk, W P 58 SR B 1
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Fig.3 FT-IR spectrum of CS, TPP and adsorbents
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2.2 MR RER R
2.2.1 CRIAR RN B i Y 5 T

W B 5 W R A R R 45 B L A b R T AR
KN FRBEIRIE AW pH SR C 5 e Ff 51
T E AR WS ) R &
BECID) B e B Bt e B B (] A2 fE dn &l 5 BT o
£ 2 min N, F 48 B 1 2URIRE K, 20 min 4
FRIRF W M B A PR . AL S HeT g0, X 1
[vi) o B 45 i 25 AN [ O o 50 1 O R 0 36 4 A 25
S (HJ MCNs > CNs > MCMs > CMs) , g K 4 i
PR e SO sk v A0 22 A B B P Y AR A =
BRAUKIUORL , 44K DU Mk =Bk 57 IE I E 48
B AR AALRE S CNs & MCNs AR 48 T
CMs J¢ MCMs HA B I Fb i AR, b2k i R
KEGRE 455 000 S 82, W RE 7 ) i
5% s MCMs Wi B 5 < CNs Wiz i, J5 PR T il
SR bt R AR 3G K, MCMs A1 2 41 52 1) 78 SR B BHL
T E 48 &1 50 A U ARG TE 1O A L = Bk 45
A W RE I Z R T R AR . DL BT
(AR AR I L 3R T AR A 2 s el A5 I B 7 a5 3 22,
AT i s R o 7] ey e B 204 3
2.2.2  EE4 RPN R B R A e

XA [vi) 4 T g 1, R T 50 18 2 R 2523
KW A2 S A5 R 3R 2 s, 45 R %
W, 58 BRBHOR K. MCMs % A R AR B4R
W BT RE 7 A T[], 5 A4 W2 BT 20 23 6 B Ay« R o 4
(1) >MRMEECIT) > B T) (P<0.05),
WO MR TeECD) Aol =
755 i) W% 6 500 2 TG 0 B O W B 5 itk Ab, 4R
(1) AR Bt o 5 A1, PTRE R A% pH R H T 41l
SR C I ) 50 B 300 52 B 07 52 2554 ik b, sl i
THEAT N, R A W 56 500 1 e A I o A L
FORMHMOKR BA B 2 1 &, Fo i R B 5 40 5]
(1) (516.6 g/g) 4@ (1) (955.7 ¢/g) LA
FEE(TD) (832.3 ¢/g) , 5 1% 550 A KA1 K
FH L, B W B 57 1 4 5 6. 99% ~ 16. 81% , LA
b BEIA S B I B R0 T MR R R
(W R ARICR,
2.2.3  WRRMBI SRR

R T WM B0 R AE R AU — 2R

TG R X g B R AT LA —
R 12 R (D) M =8 1 (2) ik .
In(q, —q,) =Ing, -k, t (1)

i 1 t

0 he) Ta )
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Fig. 5 Isothermal adsorption curve of Cu’*, Cd**

and Zn’"* absorbed by adsorbents
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R2 ERBENSA=GKRBMFXIE( M) S&( 1) FsE( ) AR RE
Tab.2 Cu’*, Cd**, Zn’* removing efficiencies by CS, Fe, O, and adsorbents
AR WEE / (mg/L) W s 551 W B 550 5 2t/ mg Uip e FRW IR A/ (¢/g)
Heavy metal Concentration Absorbent Mass of absorbent Efficiency Maxabsorption dose
1.0 CS 0.02 34.85 348.5
1.0 Fe; 0, 0.02 33.63 336.3
T 1.0 CNs 0.02 47.71 477.1
Cu®* 1.0 CMs 0.02 38.38 383.8
1.0 MCNs 0.02 51.66 516.6
1.0 MCMs 0.02 42.27 422.7
1.0 CS 0.02 90. 87 908.7
1.0 Fe; 0, 0.02 91.18 911.8
F1419) 1.0 CNs 0.02 97.12 971.2
cd*+ 1.0 CMs 0.02 95.57 955.7
1.0 MCNs 0.02 97.86 978.6
1.0 MCMs 0.02 95.91 959.1
1.0 CS 0.02 68.35 683.5
1.0 Fe; 0, 0.02 67.24 672.4
BECT) 1.0 CNs 0.02 73.50 735.0
Zn?* 1.0 CMs 0.02 73.47 734.7
1.0 MCNs 0.02 83.23 832.3
1.0 MCMs 0.02 74.43 744.3
F3 MRMEFIXEE (0) SR ( I0) FgE( 1) BIR B Eh 1 245 1E
Tab.3 Kkinetics parameters for Cu( I ) ,Cd( I ) and Zn( Il ) adsorption by adsorbents
|25 7)) 2R TR | — 4 2 ) 2L TR
LA pn j;LPJ:i1rstﬂ-x(irZ:(jljejr:’k%;j:e%liz: ;g\c:nﬁzjr]d?riji;
Heavy metal Absorbent -
ky/(min~") q,/ (mg/g) R k,/(g/mg » min) ¢,/(mg/g) R3
CNs -2.2x1072 0.40 0.995 6 2.468 0.398 0 0.999 5
() CMs -1.3x107? 0.32 0.640 5 3.107 0.3220 0.999 9
Cu®* MCNs 1.3x1073 0.28 0.019 9 3.749 0.277 0 0.998 5
MCMs -1x1073 0.27 0.081 6 3.803 0.270 0 0.996 9
CNs -2.8x1072 0.78 0.138 4 1.414 0.747 2 0.998 2
CT) CMs -3.5%x1073 0.73 0.824 3 1.375 0.729 4 0.999 8
Cd*+ MCNs 2.7x1072 0.75 0.359 5 1.396 0.745 8 0.999 1
CMs 1.2 x103 0.72 0.018 8 1.396 0.723 5 0.999 9
CNs 6.4x1073 0.58 0.253 0 1.826 0.580 0 0.999 7
BECTD) CMs -1.5x107? 0.53 0.281 6 1.874 0.530 0 0.998 1
In** MCNs -3.7x10 -4 0.63 0.492°5 1.590 0.630 0 0.999 8
MCMs -2.2x1072 0.56 0.809 4 1.814 0.560 0 0.999 3
43 IR R FROMMHI R 5.
HOR, > RY R SE 50 H o 0L G sl 1 2E AR AL Y C. V= (Abs,,, —Abs,)/ (Abs, - Abs,) (3)

AR BE R R, L2 B 500 %o B < s ) IR o oot
(Y Rl
2.3 £YHEFMRRE

il FNFUIR i MCF-7 41 i 28 4 S 41 455 5
Xt R BRR) A A AR AR AT Bk . SRR R
i F & A AT B ) CNs 1 MCNs (25 ~200 g/
mL ) [ FRIER SR MCF-7 401/ 24 h, fiH1G& 1+
WA T Ak e 5] B i B3 ( Biotek ) M 2 I S JEE
IS (3) TR L AR M 5 4, A5 R iE 6 By
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b oV AT P, Abs,, b ST 6 4 WO B
Abs, Ay B X BRZH W G EE , Abs, Ay 914 Xof HE 2 W
.

5936, 5 CNs J MCNs Jt8% 3% 19 40 fg
24 h S5 RER R 100% BTEPE . X —&5 FF
SC7 CMs Fil MCMs HAT RAFRIAE AT, 22—
FRICEE MR A4 L, G F A AR TP E AR Y
WA, B2 SECH A — g im el
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Fig. 6 Viability of CNs and MCNs adsorbents with

various concentrations

2.4 RASH

o FoE RAERRIE iz, al I DL 72 26 A
PIEEBCRI 1S, AR R . 2 R IR 2 1L
L A A SRR i DY A A = RO
Rt UL ARG PR RRE R A ) il 25 T
Lo P, A SO 4 YRR 29K 58 SO0 H <6 s
B 7R — AR A 1) B < R R (0. 99 5650
/g)  HUSA N 4 Fros

x4 ZHWAFMIESH
Tab.4 The cost of the reagents used in this study

%l kg (£o0/g)
Reagent Cost
FRME CS 0.07
EZ G 0.02
REVEDDEAL = BRGIOK O Fey O, NPs 0.90
3 g

ARICR N B S UK 12 i 46 74 21 119 24 K 1 1k
FERMEMIRTA, FEFE I pH Dy 5 B4 (1) L4

CID) BeA (IU) BAT RAF RT3 , e R B A%
RMIEE] 51.66% 97.86% J% 82.24% W [t 4
JEPR,20 min AT IR0 BEP- o R R S SR AH ORI
A 7R T 4 J 114 TR T 2003 v T e SR IR Il
B3R, R S D R R A A 07 1 Y 4 A = Bk 5l
T W BRSOG4 R T A BC AL BE T 5 AR TR
7 SRRl R I R 70 ) B R 288 3R g T BRIOK i e
SROBE IR M B 791, JH T 2 i DR 498 DK I R 5 119 L
FFUK , R0 T 4 8 45507 i LU BIOK W5 B 77
Z o WEVETFCRMEI IR S MCF-7 20 i 36 55 57 it
AL ISP 100% , B RAF B AR AR AL
RSO P ARy A% AV , o 7 21 P 4 R A
FERBERI AN 0.99 Fot/g. £ b, ARG
FEIRNHIRE B0 AT A Sy — Ff AR AR R S 28R e
TER R E R MR, T T S A ES R T
M RIRARIR A BE S 1B 52

B3k

[1]  WHITACRE D M. Preface. role of reviews. environmental
contamination and toxicology[ J]. Reviews of Environmental
Contamination and Toxicology, 2014, 230, VII-IX.

[2] ANITHA T, KUMAR P S, KUMAR K S, et al. Adsorptive
removal of Pb (II) ions from polluted water by newly
synthesized chitosan-polyacrylonitrile blend: equilibrium,
kinetic, mechanism and thermodynamic approach [ J J.
Process Safety and Environmental Protection, 2015, 98.
187-197.

[3] KUMAR P S, RAMAKRISHNAN K, KIRUPHA S D, et al.
Thermodynamic and kinetic studies of cadmium adsorption
from aqueous solution onto rice husk[ J]. Brazilian Journal
of Chemical Engineering, 2010, 27(2) . 247-355.

(4]  GREE, 59X LHEEGRITREEEORUIRERELT]. B3]
5% R, 2018, 30(2) . 87, 89.

ZHANG C, ZHANG X. Research progress on remediation
technology of heavy metal pollution in soil [ J]. Inner
Mongolia Environmental Sciences, 2018, 30(2) . 87, 89.

[5] AHMAD T, DANISH M, RAFATULLAH M, et al. The use
of date palm as a potential adsorbent for wastewater
treatment; a review [ J ]. Environmental Science and
Pollution Research, 2012, 19(5) : 1464-1484.

[6] ZHU W J, WANG J X, WU D, et al. Investigating the
heavy metal adsorption of mesoporous silica materials
prepared by microwave synthesis [ J]. Nanoscale Research
Letters, 2017, 12(1) ; 323.

[7] LAKOURAJ M M, NOROUZIAN R S, BALO S. Preparation
and cationic dye adsorption of novel Fe304 supermagnetic/
thiacalix [ 4 ] arene tetrasulfonate self-doped/polyaniline
nanocomposite: kinetics, isotherms, and thermodynamic
study[ J]. Journal of Chemical & Engineering Data, 2015,
60(8) : 2262-2272.

[8] ZHOU D, LIU D, GAO F X, et al. Effects of biochar-

http: //www. shhydxxb. com



746 SR AN 27 %
derived sewage sludge on heavy metal adsorption and aqueous solutions using Lewatit S 100 the effect of pH,
immobilization in soils [ J ]. International Journal of time, metal concentration and temperature [ J]. Journal of
Environmental Research and Public Health, 2017, 14(7): Hazardous Materials, 2006, 136(2) ; 330-337.

681. [21] ALIMOHAMMADI N, SHADIZADEH S R, KAZEMINEZHAD 1.

(9] FEEZAE, 2R RME, Z50HBR. Ca®* B3l 28 e i 58 BOM Y Removal of cadmium from drilling fluid using nano-adsorbent
il Bt Cd®* Ry [J]. K& 4n4k T, 2018, 35(3): [J]. Fuel, 2013, 111 505-509.

482-488. [22] HUANG S H, CHEN D H. Rapid removal of heavy metal
CHENG A H, QIAN D P, YAO M Y. Preparation of Ca>* cations and anions from aqueous solutions by an amino-
imprinted cross-linked modified chitosan and its adsorption functionalized magnetic nano-adsorbent [ J ]. Journal of
properties for Cd** [ J]. Fine Chemicals, 2018, 35(3): Hazardous Materials, 2009, 163 (1) ; 174-179.

482-488. [23] FENG LY, CAOM H, MA X Y, et al. Superparamagnetic

[10] LUOY, ZHOU Z K, YUE T L. Synthesis and characterization of high-surface-area Fe304 nanoparticles as adsorbents for
nontoxic  chitosan-coated Fe304 particles for patulin arsenic removal[ J |. Journal of Hazardous Materials, 2012,
adsorption in a juice-pH simulation aqueous [ J]. Food 217-218; 439-446.

Chemistry, 2017, 221 317-323. [24] SN, GEEM, 6, % cREMBEEReRIE L

[11] MERAZK A S, VARGAS S M P, MALDONADO J T L, et HemroT b)), £YEE K, 2017, 48(1) : 250-256.
al.  Eco-friendly innovation for nejayote coagulation- YUJC, HOU C P, HE S Y, et al. Remediation of heavy
flocculation process using chitosan; evaluation through zeta metal contaminated soils by chitosan[ J]. Chinese Journal of
potential measurements[ J]. Chemical Engineering Journal, Soil Science, 2017, 48 (1) : 250-256.

2016, 284 536-542. [25] GOY R C, DE BRITTO D, ASSIS O B G. A review of the

[12] SIU P C C, KOONG L F, SALEEM J, et al. Equilibrium antimicrobial activity of chitosan[ J]. Polimeros, 2009, 19
and kinetics of copper ions removal from wastewater by ion (3):241-247.
exchange [ J]. Chinese Journal of Chemical Engineering, [26] YADIM G, BENGUELLA B, GAOUAR-BENYELLES N, et
2016, 24 (1) : 94-100. al. Adsorption of ammonia from wastewater using low-cost

[13] REN Y, ABBOOD H A, HE F B, et al. Magnetic EDTA- bentonite/chitosan beads [ J ]. Desalination and Water
modified chitosan/Si02/Fe304 adsorbent: preparation, Treatment, 2016, 57(45) : 21444-21454.
characterization, and application in heavy metal adsorption [27] FANHL, ZHOU S F, JIAO W Z, et al. Removal of heavy
[J]. Chemical Engineering Journal, 2013, 226 300-311. metal ions by magnetic chitosan nanoparticles prepared

[14] AHMAD T, RAFATULLAH M, GHAZALI A, et al. Oil continuously via high-gravity reactive precipitation method
palm biomass-based adsorbents for the removal of water [J]. Carbohydrate Polymers, 2017, 174 . 1192-1200.
pollutants—a review[ J ]. Journal of Environmental Science [28 ] ZHANG H C, JUNG J, ZHAO Y Y. Preparation,
and Health, Part C, 2011, 29(3) ; 177-222. characterization and evaluation of antibacterial activity of

[15] KU Y, JUNG I L. Photocatalytic reduction of Cr( VI) in catechins and catechins-Zn complex loaded [-chitosan
aqueous solutions by UV irradiation with the presence of nanoparticles of different particle sizes [ J]. Carbohydrate
titanium dioxide[ J|. Water Research, 2001, 35(1); 135- Polymers, 2016, 137, 8291.

142. [29] CHENY W, WANG J L. Preparation and characterization of

[16] FU F L, WANG Q. Removal of heavy metal ions from magnetic chitosan nanoparticles and its application for Cu
wastewaters: a review [ J |. Journal of Environmental (IT) removal [ J]. Chemical Engineering Journal, 2011,

Management, 2011, 92(3) : 407418. 168(1) : 286-292.

[17]  PMESE, JEBERE, PMVEA, 4. i 150 4RSI B 4 Jd s [30] ZHOU L M, LIU J H, LIU Z R. Adsorption of platinum
Yol e ETEAE SR [T]. R ER 2247, 2018, (IV) and palladium( 1) from aqueous solution by thiourea-
37(1): 137-147. modified chitosan microspheres [ J ]. Journal of Hazardous
SUN DY, ZANGSY, SUN H J, et al. Pollution history and Materials, 2009, 172(1) : 439-446.
potential ecological risk assessment of heavy metals in core [31] WANG C X, WANG L X, YANG W L. Preparation and
sediments in Hulun Lake during the past 150 years[J]. characterization of functional inorganic/organic composite
Journal of Agro-Environment Science, 2018, 37 (1) 137- microspheres via electrostatic interaction [ J ]. Journal of
147. Colloid and Interface Science, 2009, 333(2) ; 749-756.

[18] M. B4 EIs R HEHBEF AR LHBE K[ T]. kK [32] ZHANG H C, ZHAO Y Y. Preparation, characterization and
Zikt, 2017(10) ; 20. evaluation of tea polyphenol-Zn complex loaded B-chitosan
CHEN C. Soil heavy metal pollution repair technology and its nanoparticles[ J . Food Hydrocolloids, 2015, 48 ; 260-273.
repair practice[ J]. Farm Staff, 2017(10) : 20. [33] SOUZA M P, VAZ A F M, CORREIA M T S, et al.

[19] KANG S Y, LEE J U, MOON S H, et al. Competitive Quercetin-loaded  lecithin/chitosan  nanoparticles  for
adsorption characteristics of Co®* |, Ni>* | and Cr** by IRN- functional food applications [ J ]. Food and Bioprocess
77 cation exchange resin in synthesized wastewater [ ] ]. Technology, 2014, 7(4) : 1149-1159.

Chemosphere, 2004, 56(2) : 141-147. [34] CHEN T, HUANG T, DAI H. Synthesis of light-controlled

[20] GODE F, PEHLIVAN E. Removal of chromium (II) from superparamagnetic core-shell structured nanocomposite for

http: //www. shhydxxb. com



54 PO THL R, S5 ¢ o SRR <o B R 50 S 1 o SRR B RE A A5 747

drug delivery [ J ]. Journal of Nanoscience and [J]. Chemical Engineering Journal, 2011, 178 60-68.
Nanotechnology, 2017, 17(7) : 4524-4531. [40] VASCONCELOS H L, GUIBAL E, LAUS R, et al. Competitive

[35] SANKARARAMAKRISHNAN N, SANGHI R. Preparation adsorption of Cu (II) and Cd (II') ions on spray-dried
and characterization of a novel xanthated chitosan [ J]. chitosan loaded with reactive orange 16 [ J]. Materials
Carbohydrate Polymers, 2006, 66(2) : 160-167. Science and Engineering: C, 2009, 29(2) : 613-618.

[36] SHARIFUL M I, SHARIF S B, LEE J J L, et al. Adsorption [41] ©LIN J X, WANG L. Comparison between linear and non-
of divalent heavy metal ion by mesoporous-high surface area linear forms of pseudo-first-order and pseudo-second-order
chitosan/poly (ethylene oxide) nanofibrous membrane[ J]. adsorption kinetic models for the removal of methylene blue
Carbohydrate Polymers, 2017, 157 57-64. by activated carbon[ J]. Frontiers of Environmental Science

[37] ZHANG J, HAN J, WANG M G, et al. Fe304/PANL/ & Engineering in China, 2009, 3(3) : 320-324.

MnO2 core-shell hybrids as advanced adsorbents for heavy [42] SARI A, TUZEN M, KOCAL I. Application of chitosan-
metal ions[ J]. Journal of Materials Chemistry A, 2017, 5 modified pumice for antimony adsorption from aqueous
(8) : 4058-4066. solution[ J]. Environmental Progress & Sustainable Energy,

[38] KALSI P K, TOMAR B S, RAMAKUMAR K L, et al. 2017, 36(6) ; 1587-1596.

Studies on recovery of uranium from fluoride matrix [43] RAHIMI M, SAFA K D, ALIZADEH E, et al. Dendritic
employing sonochemistry[ J]. Journal of Radioanalytical and chitosan as a magnetic and biocompatible nanocarrier for the
Nuclear Chemistry, 2012, 293(3) . 863-867. simultaneous delivery of doxorubicin and methotrexate to

[39] LIXL, LIYF, YEZF. Preparation of macroporous bead MCF-7 cell line[ J]. New Journal of Chemistry, 2017, 41

adsorbents based on poly ( vinyl alcohol ) /chitosan and their (8):3177-3189.

adsorption properties for heavy metals from aqueous solution

Low cost, biocompatible heavy metal removal with magnetic Fe,O, loaded
chitosan microparticles

YAN Shiqiang' , ZHANG Hongcai', FU Hao', PAN Yingjie'**”

(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory of Quality
& Safety Risk Assessment for Aquatic Products on Storage and Preservation, Minisiry of Agriculture, Shanghat 201306, China;
3. Shanghai Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China)

Abstract; Here we report the synthesis and characterization of magnetic Fe; 0, loaded chitosan microparticles
for low cost, biocompatible heavy metal removal. Magnetic Fe, 0, loaded chitosan microparticles are prepared
based on ionic gelation and characterized by Transmission electron microscope ( TEM ), Fourier transform
infrared spectroscopy (FT-IR) and X-ray diffraction (XRD) respectively, which confirm that magnetic Fe;0,
nanoparticles have been incorporated into chitosan microparticles successfully and the particle size falls into
the range of 164.05 —768.69 nm. Their adsorption efficiencies for Cu ( I ), Cd (11 ) and Zn ( Il ) have
been investigated, in which small size magnetic Fe,;0, loaded chitosan microparticles present higher adsorption
efficiency than that of other ones. And their maximum adsorption capacity for Cu ( I ), Cd ( II ) and Zn
(II') could reach 51.66, 97.86 and 82.24% respectively. Moreover, the adsorbing mechanism can be well
explained by pseudo-second-order model (R* =0.998 —0.999). Notably, magnetic Fe,0, loaded chitosan
microparticles also exhibited excellent biocompatibility when co-cultured with MCF-7 cells with nearly 100%
viability. This study demonstrates that small size magnetic Fe;O, loaded chitosan microparticles is an
effective, low cost and bio-compatible heavy metal adsorbent and could potentially be widely used in many
different fields, for example, wastewater treatment in food and agriculture.

Key words: chitosan; different size particles; heavy metal removal; low cost; biocompatible
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