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Study on Characteristics and Mechanism of Copper Ions by Quartz Sand-humic Acid-Cupriavidus gilardii CR3

YANG Yu-shuang, WANG Xiao-yu~ (School of Environment, Northeast Normal University, Changchun, Jilin 130117)

Abstract [ Objective ] To study the effect of pH, initial copper ions concentration and contact time on composites of sand-humic acid-Cupriav-
idus gilardii CR3. [ Methods ] Experimental data were simulated by adsorption isotherms and kinetics. Adsorption characteristics and mecha-
nism of copper ions by adsorbents was studied by determining the Zeta potential before and after adsorption of copper ions, and scanning SEM-
EDS and FTIR. [ Results]The results showed that pH was important parameters for the adsorption capacity of composites for copper ions. E-
lectrostatic effect increased the negative charge on the surface of composite, and increased adsorption capacity. At the optimum pH (5.0),
the maximum adsorption capacity of the complex was 13.08 mg/g. The adsorption process of copper ions by composites of sand-humic acid-
Cupriavidus gilardii CR3 was in according with Langmuir model and two order kinetic model. [ Conclusion ] The study considered that electro-
static interaction and single molecule chemical adsorption were the main mechanisms of adsorption of copper ions by composites of sand-humic

acid-bcateria.
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Fig.2 Isotherms cure of adsorption of copper ions by quartz sand-humic acid-Cupriavidus gilardii CR3
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Fig.3 The kinetic equation of adsorption of copper ions by quartz sand-humic acid-Cupriavidus gilardii CR3
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Note :a. SEM of quartz sand-humic acid-Cupriavidus gilardii CR3;b. SEM of quartz sand-humic acid-Cupriavidus gilardii CR3 after adsorption of copper ions
B S5 B - EIABL — Cupriavidus gilardii CR3 8 &R MARI S MR BE

Fig.5 Scanning electron microscopy before and after adsorption of copper ions by quartz sand-humic acid-Cupriavidus gilardii CR3

1 600 a Si
1400 ]
1200 ]
1000 ]
800 T LN
600 T
400 1

] Au
200 P g

0 1 2

J&-F& Cont Il cps

3 4 ) 6 7 8
%62 Energy Il KeV

TE - a. W BEG S 7101 b R B B 5 I

Note ; a. Before adsorping cooper ions;b. After adsorping copper ions

2 500

b
e Si
2 000 1
©w
° ]|
= 15009 v
§ 0
ﬂﬂ 100
LS
500 1 u
c |PAs
Cu
0 1 2 5 6 1 8

B 6 B - FFIABR — Cupriavidus gilardii CR3 £ & 11K MR & F AT /E KB

Fig.6 Spectrum before and after adsorption of copper ions by quartz sand-humic acid-Cupriavidus gilardii CR3

2.2.3 FTIR, FTIR J&AF 57 W Bt 570 2% 1o B A8 A1 (0 20T B
B AR AR R0 B RE A AR IE AR L R DL LI 7., E
1007

80
60 7

40 1

#4544 Transmittance | %

20 4

0

4000 3500 3000 2500 2000 1500 1000 500
A H Wavenumbers Il car!

T s W R 25 11 5 b. BRI S ¥ fS
Note :a. Before adsorping cooper ions;b. After adsorping copper ions
B 7 RER - BEEE - Cupriavidus gilardii CR3 £ & 10 W% 4R
BF R @ ErasMEE
Fig.7 FTIR spectra before and after adsorption of copper ions
by quartz sand-humic acid-Cupriavidus gilardii CR3

3313 em ™ XN B AT - OH il — NH;2 928 em ™' X% CH, X}
FREEAS KT FRBIAH ;1 6551 532 F1 1 454 em ™' 4> 3%t C =0
ML T hifi .C — N/N — H g 11 B ffF1 - CH,/CH, 2 1
Wi ;1 389 em ™' Xt C =0 Fiif#;1 081 em ™' )i C — OH/C
-0 -C/C-C/P =034 AW R A S mb v i) — 484k
R (18] Ta) o X Hoh EE S W E BRI R R IE R
B EARERR R B AR B S, R i i
PEBE LA BB (< 15 em ™),
3 &ig

(1) pH J2 5% M W B4 B - 17 32 2 R 3%, JeeadG 1) pH oy
5.0, B iAE M A enb — JEFEBR — Cupriavidus gilardii CR3
AR B A, S B E B pH TR S R

(2) AR B 15 B AT Langmuir A58 1 —
RBN IR R BT

(3)i#1d SEM - EDS & 3, & A VR 0 4 25 1 i FE 5
NS 5, At — 10 R AN 7E B A R B R A FE
Ja SR g AT A RS JEBEIR AN Cupriavidus gilardii CR3 H.
— R R A I TR R B 5 1 o



66 BAR AL F

2017 &£

&2 3k

[1] LIZ Y,FAN X Y,QI X B, et al. The impact of renewable wastewater on the
distribution of heavy metals in plants,soil and underground water[ J]. Chi-
na rural Water and hydropower,2012,7.5 - 8.

[2] ANAND R R,ASPANDIAR M F,NOBLE R R P. A review of metal transfer
mechanisms through transported cover with emphasis on the vadose zone
within the Australian regolith[ J ]. Ore geology reviews,2015,73.394 —416.

[3] WEAVER L, WEBBER J B, HICKSON A C,et al. Biofilm resilience to
desiccation in groundwater aquifers:A laboratory and field study[ J]. Sci-
ence of the total environment,2015,514 ;281 —289.

[4] CELIS R,HERMOSIN M C,CORNEJO J. Heavy metal adsorption by func-
tionalized clays[ J]. Environ Sci Technol ,2000,34(34) ;4593 —4599.

[5] PEACOCK C L,SHERMAN D M. Surface complexation model for multisite
adsorption of copper (1I)) onto kaolinite [ J ]. Geochim Cosmochim Acta,
2005,69(15) :3733 —3745.

[6] HUANG Q Y,CHEN W L,XU L H. Adsorption of copper and cadmium by
Cu-and Cd-resistant bacteria and their composites with soil colloids and
kaolinite[ J |. Geomicrobiol J,2005,22(5) ;227 —236.

[7] EL-ESWED B,KHALILI F. Adsorption of Cu(II)and Ni(II)on solid hu-
mic acid from the Azraq area,Jordan[J]. Journal of colloid and interface
science ,2006,299(2) :497 —503.

[8] PADMAPRIYA G,MURUGESAN A G. Biosorption of copper ions using
thizoplane bacterial isolates isolated from Eicchornia crassipes (( Mart. )
solms ) with kinetic studies[ J ]. Desalination and water treatment,2015,53
(13) :3513 —3520.

[9] ZHU J,HUANG Q Y,PIGNA M, et al. Competitive sorption of Cu and Cr
on goethite and goethite-bacteria complex[ J ]. Chemical engineering jour-
nal 2012,179(1) 26 —32.

[10] ARIAS M,BARRAL M T,MEJUTO J C. Enhancement of copper and cad-
mium adsorption on kaolin by the presence of humic acids[ J]. Chemo-
sphere,2002,48(10) :1081 - 1088.

[11] FANG L C,CAI P,LI P X, et al. Microcalorimetric and potentiometric ti-
tration studies on the adsorption of copper by P. putida and B. thuringien-
sis and their composites with minerals[ J ]. Journal of hazardous materials,
2010,181(1/2/3) ;1031 —1038.

[12] DU H H,CHEN W L,CAI P,et al. Cd(II) sorption on montmorillonite-
humic acid-bacteria composites[ J ]. Scientific reports 2016 ,6:19499.

[13] DU H H,CHEN W L,CAI P,et al. Cadmium adsorption on bacteria —
mineral mixtures: Effect of naturally occurring ligands[ J ]. European jour-
nal of soil science,2016,67(5) :641 —649.

[14] CHEN W M,WU C H,JAMES E K,et al. Metal biosorption capability of
Cupriavidus taiwanensis and its effects on heavy metal removal by nodu-
lated Mimosa pudica[ J]. Journal of hazardous materials,2008,151(2/3) .
364 -371.

[15] MONSIEURS P,MOORS H, VAN H R,et al. Heavy metal resistance in
Cupriavidus metallicdurans CH34 is governed by an intricate transcrip-
tional network[ J . Biometals 2011 ,24(6) :1133 —1151.

[16] WANG X Y,CHEN M L,XIAO J F,et al. Genome sequence analysis of

RiAmRE
PR ST I H5 230 R B B LUK T 8 48 23R8 SCIEGE T AR T I BB O — N B S BR i PP AR
) AR, T LU S 2 ) IRl AN 52 S AR B, LA SRR 27 S U B AR TR

PSR T e E R AT B R AE AR, 2 E - IR T 1972 SRR . i TR R — AR GETT A, BT
NZEIPAS S RIS RS i R A U R AT SRS SN SO S AT DAL (R ERTEN S NN N SRSy :

the naphthenic acid degarding and metal resistant bacterium Cupriavidus
gilardii CR3[J]. Plos one,2015,10(8) :132881.

[17] LIX N,LI A R,LONG M Z,et al. Equilibrium and kinetic studies of cop-
per biosorption by dead Ceriporia lacerata biomass isolated from the litter
of an invasive plant in China[ J]. Journal of environmental health science
and engineering,2015,13(1) :1 -8.

[18] CHEN X C,WAMG Y P,LIN Q,et al. Biosorption of copper(II)and zinc
(1) from aqueous solution by Pseudomonas putida CZ1[]]. Colloids Surf
B : Biointerfaces ,2005,46(2) :101 - 107.

[19] XIE H,ZHAO Q Q,ZHOU Z R, et al. Correction ; Efficient removal of Cd
(IT)and Cu (1) from aqueous solution by magnesium chloride-modified
Lentinula edodes[ J]. Rsc Adv,2015,5(42) ;33478 —33488.

[20] 52515 1R E25, SRABIG, 5. =l 1/ SAEIR B SR E a8 BT
AR SEERAAGT LT . B s A HOER AL 20081, 2008 ,27 (4) 1356 - 362.

[21] BAYRAMOGLU G,BEKTAS $,ARICA M Y. Biosorption of heavy metal
ions on immobilized white-rot fungus Trametes versicolor[ J]. Journal of
hazardous materials 2003 ,101(3) ;285 —300.

[22] VEIT M T,TAVARES C R G,GOMES-DA-COSTA S M, et al. Adsorption
isotherms of copper (1) for two species of dead fungi biomasses [ ] ].
Process Biochem,2005,40(10) ;3303 —3308.

[23] WANG N,DU H H,HUANG Q Y et al. Surface complexation modeling of
Cd(1II) sorption to montmorillonite ,bacteria,and their composite[ J ]. Bio-
geosciences discussions,2016,13(19) :5557 —5566.

[24] WALKER S G,FLEMMING C A,FERRIS F G et al. Physicochemical in-

teraction of Escherichia coli cell envelopes and Bacillus subtilis cell walls

with two clays and ability of the composite to immobilize heavy metals
from solution[ J]. Applied and environmental microbiology,1989,55(11) :

2976 —2984.

HUANG F,DANG Z,GUO C L,et al. Biosorption of Cd(II) by live and

dead cells of Bacillus cereus RC-1 isolated from cadmium-contaminated

soil[ J]. Colloids Surf B:Biointerfaces,2013,107(4) ;11 —18.

LU W B,SHI J J,WANG C H,et al. Biosorption of lead,copper and cad-

mium by an indigenous isolate Enterobacter sp.J1 possessing high heavy-

metal resistance[ J |. Journal of hazardous materials ,2006,134(1/2/3) :80

- 86.

[27] GAO X D,CHOROVER ]J. In-situ monitoring of Cryptosporidium parvum
oocyst surface adhesion using ATR-FTIR spectroscopy [ J ]. Colloids Surf
B:Biointerfaces ,2009,71(2) :169 - 176.

[28] OMOIKE A,CHOROVER J. Adsorption to goethite of extracellular poly-
meric substances from Bacillus subtilis [ J ]. Geochim Cosmochim Acta,
2006,70(4) :827 -838.

[29] UESHIMA M,GINN B R,HAACK E A et al. Cd adsorption onto Pseudo-
monas putida in the presence and absence of extracellular polymeric sub-
stances|[ J ]. Geochim Cos-mochim Acta,2008,72(24) :5885 —5895.

[30] XIA L,XU X J,ZHU W, et al. A comparative study on the biosorption of
Cd** onto Paecilomyces lilacinus XLA and Mucoromycote sp. XLC[J]. Int
J Mol Sei,2015,16(7) :15670 — 15687.

[25

—

[26

®Eh:

I - PSR RS A ) BB

. - PP 6 S 45 | AR
TR = I 6 2 42 S

PRERMAFEAEAR < 3 — S ARSI T RIS S L5 A A998 s, 5 B A ) 1) 25 40 e 3R I8 SO AR g s T i ol . AR

-

I UGIES

3 SR E Y &30 @5y -
PG A AEZI T AR 5 R, BHA TS TR (S A He i BARSEEh «
_ BOHAl TS T A

PIREG TR

RIS | B
SR I B 0 TR, Bl 393 P o A



