+ 62+ Jan. 2023 Plating and Finishing

doi: 10.3969/].issn.1001-3849.2023.01.010
EREELESBTARAARER

AR, I i, B IR
(ZRIBLTRF AT A ], 26 4M1H 661000)

TEE: K P AAEA A R R A M2 — , LB A TR, FIFFHR A BT BB RGRFF ML —,
WHEBEHFAE ST RIEME ERAER SR PMERAES, A —F SR LR HE R, ALHETE
BB Ap TR oG R Mk E R E AR, R T BB R AR TR R 6 AR AL ey KR
J B R A HRILK, b R R AR K A R AT T R

KB : S AP TR R IT G A R B

HESES: 0646.51 SCERFRIRED: A

Research progress in the treatment of arsenic containing wastewater by
electrocoagulation

Yang Dongrong’, Chen Qian, Duan Mingcheng
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Abstract: Arsenic in water is considered to be one of the most dangerous toxic substances. Thus, treat-
ing arsenic containing wastewater and realizing clean discharge is one of the environmental problems
that need to be solved urgently. The process of treating arsenic containing wastewater by electrocoagula-
tion is simple, applicable and efficient. It is an advanced technology for high-efficiency arsenic remov-
al. In this paper, the principle, advantages and disadvantages and scope of application of electrocoagu-
lation in the treatment of arsenic containing wastewater are briefly described. The electrode materials,
electrode connection methods and technical status of reactor types commonly used in the treatment of ar-
senic containing wastewater by electrocoagulation are summarized. And the development prospect of
electrocoagulation in the treatment of arsenic containing wastewater is prospected.
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Fig.1 Diagram of electrocoagulation process for wa-
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Fig.4 Sketch of the up-flow electrocoagulation reactor
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Fig.6 Air-fed electrocoagulation reactor
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Fig.7 Cylinderfixed-bed air-fed electrocoagulation reactor

3.3 HEETEERRMIRNN
KB R TR A MA AT S B
B BEIR R ALY I A A AT R
You 55 IS A B HL 2R BEBR AT AR B K P B B Tk
JRE ) HE IV S48 i Dk, 6 8 Yk JRE ek g 2 B K o
BRE T I BRAR U 5 LA , BRMRAR 5 1 B AR T
10 mg/L X BRAR83R 5AT 25 ) (EL R AR
T B FE R X 2R BEBR A L R AR K A A YR
Hu S5O BIFFE 185 28 5 X B il H 2R B B T 3 1Y
SN, e DA 5 1 RE A R PH Lk BN 2 i LA I TE
B, VS I AR B 1 AR As (V) I S BRACR , Hok
ARG B 1 R A VA B L % g YA 8 8 o v sk
A ELBRES TR0 B T RO 5K B VR EEARAE . Vasude-
van 55 TR B FHARBITSY T RERRER ALY BRIR



- 68 ¢+ Jan. 2023

Plating and Finishing

Vol. 45 No. 1 Serial No. 358

AR BRIRER A B 0 H BB BR AT AR R 1 2 e, 45 L B
I 2Rk PR ol R R vk B R AL 5 mg/L A4y I I 5
M) AR , T JRUAC A T I A 4 7 7 o) Fl 2R v e
i = A AR B2 . S5 e ] AL-C-Fe (FH
e - BRI -BA AR ) 52 4 Fi bl P 22 A BB el SROK I
TR RS & B B4 77 A X SR A 25 Bk R A I R B
T 3L A7 A2 S BRI Y L B o P el i) 5B
i S GBI LA R B T

Can 3517 T 8R Ha AR T v R B2 0 0 7K s At
FTHBREERIF AT, & BN 5~ ) A7 10 2 00 ol i e 22 O
J:BR . Song % Bk HE MR B A L AR X 5 A As . Sb
W5 K AT HL 2R BEAL PR, & B AL-Fe HL AR ) It 5t
AU BT BB TR BR A AR A B R
Garcia-Lara 23 i< i Jin A 2250500 R B AL A7 2 1
Xif L 2L BE SRR T, & BN AGE H:1) MgCL, -
6H,0 REMS A AR s i i 2B 3 [ st e A 20 4 J &
P56 IS TA]

T A 250 R R A X A R R K
Freg ZBEAL T, R BRERE N 11 kw-h/m’ i, Al ) 25 ok
RAEIAH] 99.9%. Nufiez 55" FH 44 KAk WUkE Al HE 22
BEER A AR A BB i 4 8 1 M R K B B et
NI Ca(OH), Je BRI L bk 2 )5, A H AR L
AT LA 2SR R K v g 4

4 BEERE

FL 2R B T K A B AR BR AR A AR A
WG g il AR B A & — R R A d R
BRApEE AR . HET, B2 B S KR R BE K 2 =
AERE SN 4 ng/L LAR B K BR R BB 5] 99.9% 5 FHAK 4
RHBR AR o B 55 2k > A0 > BR B AL, iR LA
X AR R R 1 2 R AR 5 Ak R AROR B ) R A Y B
AR50 3R AL T FR AR SR A 0% 5 P A 32 A X B
i 35k S 4 52 ) 52 31 55 52 MP-S>MP-S>MP-P #{
o A B T X SRR AL 15 ) L R AR A%,
140 2% 3% 238 I 6 3 IR 2 1 1 T 4 1 i Ok 5 At 7 A
BT AR T 10 mg/L At o B B RER B0 A B d 5
M), {E 2 R TR B O B TR AR L B R AR B B A IR YR
I 2R BEBR A 55 2T RE B S AR R As(V) Y LB
R, LS A A 5% B A PR VAR A R A 5 il
MR £h s R Eh P Wk B2 N 3 5 meg/L A 23 X HL 22
BEBR AR ™ Az 10 255 W), T SR AL ) B AR R Eh AN
T HL B BRI BR A

S B BRBETL To /K BRI BRI TS U T 3Rt
Ji ABATHSRAT VF 22 ) REUA gt ok, ORI MELR L
AT ARSERAWTFE - (1) PR AR 52 00 FL 2258 TS
K BRA R B TN R Z— , B LA 0 27 A Y
S b ik — 2 TT KR B AR R el 5 < e
AW ] 25 L AR 2 R IO 0 i R R AT
8 HL B BE SR A 5 (2) A0 L B g , a2 R OK
AN A B TR BEAR A3 U B A | AR
B LSS i — 2 Rt H SR BE KA BE T 250 A 34k |
UL IS 1 5 (3) DAL S I i U HE SR B /K Bt
T2 el R R A TR ) 4 A B A U P e i 53 e 2
A5 (4) L EBRE TS K BREEOR JFBLG 20 i i — 25
IFTE R IE | WA 225050 1 2R BEY Hh AT AE T 25 LA
FAAERREE, DUAL L SR BE R T T 2525

S 3k

[1]  Garelick H, Jones H. Reviews of environmental contami-
nation volume 197[M]. Springer-Verlag New York,
2008: 17-60.

[2] Brent J, Burkhart K, Dargan P, et al. Critical care toxicol-
ogy[M]. Springer, Cham, 2017: 1639-1667.

[3] Farooqi A. Arsenic and fluoride contamination[M].
Springer India, 2015: 1-20.

[4]  Shiber J G. Arsenic in domestic well water and health in
central appalachia, USA[J]. Water Air and Soil Pollution,
2005, 160(1-4): 327-341.

[5] Appleyard S J, Angeloni J, Watkins R. Arsenic-rich
groundwater in an urban area experiencing drought and
increasing population density, Perth, Australia[J]. Ap-
plied Geochemistry, 2006, 21(1): 83-97.

[6] Bhattacharya P, Samal A C, Majumdar J, et al. Arsenic
contamination in rice, wheat, pulses, and vegetables: a
study in an arsenic affected area of West Bengal, India
[J]. Water Air and Soil Pollution, 2010, 213(1-4): 3-13.

[71 Ahmad S A, Khan M H, Haque M. Arsenic contamina-
tion in groundwater in Bangladesh: implications and
challenges for healthcare policy[J]. Risk Management
and Healthcare Policy, 2018, 11: 251-261.

[8] Ahmad K. Report highlights widespread arsenic contami-
nation in Bangladesh[J]. The Lancet, 2001, 358
(9276): 133.

[91 Niu S, Cao S, Shen E. Arsenic[M]. Springer Nether-
lands, 1997: 78-83.

[10] Sun G. Arsenic contamination and arsenicosis in China



2023 41 H

LR R

W45 % 45 1 W CAES 358 ) - 69 -

[11]

[12]

[15]

[16]

[18]

[20]

(21]

(22]

(23]

[J]. Toxicology and Applied Pharmacology, 2004, 198
(3): 268-271.

LiY C. Arsenic pollution control in nonferrous metallur-
gy[M]. Springer Singapore, 2019: 1-15.

George W. Reviews of environmental contamination and
toxicology[M]. Springer-Verlag New York, 2005: 97-149.
Abernathy C O, Calderon R L, Chappell W R. Arsenic
[M]. Springer Netherlands, 1997: 45-54.

Smedley P, Kinniburgh D. A review of the source, behav-
iour and distribution of arsenic in natural waters[J]. Ap-
plied Geochemistry, 2002, 17(5): 517-568.

Nidheesh P V, Singh T S A. Arsenic removal by electro-
coagulation process: Recent trends and removal mecha-
nism[J]. Chemosphere, 2017(181): 418-432.
Hasanuzzaman M, Nahar K, Fujita M. Mechanisms of ar-
senic toxicity and tolerance in plants[M]. Springer Singa-
pore, 2018: 405-455.

Can B Z, Boncukcuoglu R, Yilmaz A E, et al. Arsenic
and boron removal by electrocoagulation with aluminum
electrodes[J]. Arabian Journal for Science and Engineer-
ing, 2015, 41(6): 2229-2237.

Mollah M, Morkovsky P, Gomes J, et al. Fundamentals,
present and future perspectives of electrocoagulation[J].
Journal of Hazardous Materials, 2004, 114(1-3):
199-210.

Anantha T S, Ramesh S T. New trends in electrocoagula-
tion for the removal of dyes from wastewater: A review
[J]. Environmental Engineering Science, 2013, 30(7):
333-349.

Kobya M, Ulu F, Gebologlu U, et al. Treatment of pota-
ble water containing low concentration of arsenic with
electrocoagulation: different connection modes and Fe-
Al electrodes[J]. Separation and Purification Technology,
2011, 77(3): 283-293.

Gomes J A G, Daida P, Kesmez M, et al. Arsenic remov-
al by electrocoagulation using combined Al-Fe electrode
system and characterization of products[J]. Journal of
Hazardous Materials, 2007, 139(2): 220-231.

Manning B A, Fendorf S E, Goldberg S. Surface struc-
tures and stability of arsenic(Ill) on goethite: Spectro-
scopic evidence for inner-sphere complexes[J]. Environ-
mental Science & Technology, 1998, 32(16): 2383-2388.
Pierce M L, Moore C B. Adsorption of arsenite on amor-
phous iron hydroxide from dilute aqueous solution[J].
Environmental Science & Technology, 1980, 14(2):
214-216.

[24]

[25]

[26]

[27]

(28]

[30]

[31]

[33]

[34]

Khan A H, Rasul S B, Munir A K M, et al. Appraisal of a
simple arsenic removal method for ground water of Ban-
gladesh[J].
Health, Part A, 2000, 35(7): 1021-1041.

Rebhun M, Lurie M. Control of organic matter by coagu-

Journal of Environmental Science and

lation and floc separation[J]. Water Science and Technol-
ogy, 1993, 27(11): 1-20.

Heidmann I, Calmano W. Removal of Zn(II), Cu(Il), Ni
(II), Ag(I) and Cr(VI) present in aqueous solutions by al-
uminium electrocoagulation[J]. Journal of Hazardous
Materials, 2008, 152(3): 934-941.

Chen G. Electrochemical technologies in wastewater
treatment[J].
2004, 38(1): 11-41.

Kumar P R, Chaudhari S, Khilar K C, et al. Removal of
arsenic from water by electrocoagulation[J]. Chemo-
sphere, 2004, 55(9): 1245-1252.

Song P, Yang Z, Xu H, et al. Investigation of influencing

Separation and Purification Technology,

factors and mechanism of antimony and arsenic removal
by electrocoagulation using Fe-Al electrodes[J]. Industri-
al & Engineering Chemistry Research, 2014, 53(33):
12911-12919.

Vasudevan S, Lakshmi J, Sozhan G. Studies on the re-
moval of arsenate from water through electrocoagulation
using direct and alternating current[J]. Desalination and
Water Treatment, 2012, 48(1-3): 163-173.

Ali I, Khan T A, Asim M. Removal of arsenate from
groundwater by electrocoagulation method[J]. Environ-
mental Science and Pollution Research, 2011, 19(5):
1668-1676.

Ali I, Asim M, Khan T A. Arsenite removal from water
by electro-coagulation on zinc-zinc and copper-copper
electrodes[J]. International Journal of Environmental Sci-
ence and Technology, 2012, 10(2): 377-384.

Gulledge J H, O'Connor J T. Removal of arsenic(V) from
water by adsorption on aluminum and ferric hydroxides
[J]. Journal American Water Works Association, 1973, 65
(8): 548-552

Bissen M, Vieillard-Baron M M, Schindelin A J, et al.
TiO,-catalyzed photooxidation of arsenite to arsenate in
aqueous samples[J]. Chemosphere, 2001, 44(4), 751-757.
Maldonado-Reyes A, Montero-Ocampo C, Solorza-Feria
O. Remediation of drinking water contaminated with ar-
senic by the electro-removal process using different met-
al electrodes[J]. Journal of Environmental Monitoring,
2007, 9(11): 1241-1247.



<70 -

Jan. 2023

Plating and Finishing

Vol. 45 No. 1 Serial No. 358

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Liu L, Chen H, Yang X, et al. High-efficiency As(III) ox-
idation and electrocoagulation removal using hematite
with a charge-discharge technique[J]. Science of the To-
tal Environment, 2020, 703: 1-36.

Kobya M, Akyol A, Demirbas E, et al. Removal of arse-
nic from drinking water by batch and continuous electro-
coagulation processes using hybrid Al-Fe plate electrodes
[J]. Environmental Progress & Sustainable Energy, 2013,
33(1): 131-140.

Castafieda L F, Coreflo O, Nava J L. Arsenic and hydrat-
ed silica removal from groundwater by electrocoagula-
tion using an up-flow reactor in a serpentine array[J].
Journal of Environmental Chemical Engineering, 2019, 7
(5): 1-7.

Bandaru S R, Van Genuchten C M, Kumar A, et al. Rap-
id and efficient arsenic removal by iron electrocoagula-
tion enabled with in-situ generation of hydrogen peroxide
[J]. Environmental Science & Technology, 2020, 54(10):
6094-6103.

Hering J G, Chen P 'Y, Wilkie J A, et al. Arsenic removal
by ferric chloride[J]. Journal American Water Works As-
sociation, 1996, 88(4): 155-167.

Goren A'Y, Kobya M, Oncel M S. Arsenite removal from
groundwater by aerated electrocoagulation reactor with
Al ball electrodes: human health risk assessment[J]. Che-
mosphere, 2020, 251: 1-11.

Sik E, Demirbas E, Goren A Y, et al. Arsenite and arse-
nate removals from groundwater by electrocoagulation
using iron ball anodes: Influence of operating parameters
[J]. Journal of Water Process Engineering, 2017, 18:
83-91.

Demirbas E, Kobya M, Oncel M S, et al. Arsenite remov-

al from groundwater in a batch electrocoagulation pro-

[44]

[45]

[47]

[48]

[49]

[50]

[51]

cess: optimization through response surface methodology
[J]. Separation Science and Technology, 2019, 54(5):
1-11.

Kobya M, Ozyonar F, Demirbas E, et al. Arsenic remov-
al from groundwater of Sivas-Arkila Plain, Turkey by
electrocoagulation process: Comparing with iron plate
and ball electrodes[J]. Journal of Environmental Chemi-
cal Engineering, 2015, 3(2): 1096-1106.

You H J, Han I S. Effects of dissolved ions and natural
organic matter on electrocoagulation of As(IIl) in
groundwater[J]. Journal of Environmental Chemical En-
gineering, 2016, 4(1): 1008-1016.

Hu CY, Lo S L, Kuan W H. High concentration of arse-
nate removal by electrocoagulation with calcium[J]. Sep-
aration and Purification Technology, 2014, 126: 7-14.
Vasudevan S, Lakshmi J, Sozhan G. Studies on the re-
moval of arsenate by electrochemical coagulation using
aluminum alloy anode[J]. Clean Soil Air Water, 2010, 38
(5-6): 506-515.

FrEUR, AR, RIS, 4 . AVC/Fe 5245 Hiil o 2 05
V5[] I B SR (V) [D]. PR BE T RE AR 4R, 2014, 8(2):
525-530.

Garcia-Lara A M, Montero-Ocampo C. Improvement of
arsenic electro-removal from underground water by low-
ering the interference of other ions[J]. Water Air and Soil
Pollution, 2009, 205(1-4): 237-244.

BALE, BUACE, S, AF | T I VA0 Al L 2R A 3
B TR R K B BF ST I, Tl sk 4b FE, 2014, 32(2):
26-29.

Nufiez P, Hansen H K, Aguirre S, et al. Electrocoagula-
tion of arsenic using iron nanoparticles to treat copper
mineral processing wastewater[J]. Separation and Purifi-
cation Technology, 2011, 79(2): 285-290.



