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Continuous Removal of Nitrate and Coliform using Bipolar ZVI Packed

Bed Electrolytic Cell

(20104 11€ 129 ®H¢

Abstract

; 20114 88 22 47 5 2011E 108 4 ZHE)

Nitrate is a common contaminant in industrial wastewater and ground water. The maximum contaminant level set by EPA for

nitrate of 10 mg/L as N. In this study, nitrate was removed using bipolar ZVI packed bed electrolytic cell that maximized the contact

area between each electrode and contaminants under 600 V. Also this study investigates the simultaneously deals with removal

of ammonia by operating air stripping tower. In addition to the air stripping also helped to precipitate iron ions to the form of

iron oxides. Bipolar ZVI packed bed electrolytic cell was also effective in removing coliform by electrical power. In the continuous

experiments for the simulated wastewater (initial nitrate for 25 mg/L as N), maximum 96.3% removal of nitrate was achieved in

the applied 600 V at the flow rate of 6 mL/min.
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Fig. 1. Schematic of combined reactor and isolated effects of ZVI
particles
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th Ago) ARgE 7FE ] A2 ofele] Table 1ol vek
yislct.

el ARG AAI AL 27 = 25 mg/l as N
o= 3¢tk A Jlo EAlske dabdda 9 pHeE
nitrate electrode (Orion—9700BNWP, USA), pH
meter (Orion—8156BNUWP, USA) Z o]g3slo] =43}
St F A5 WAL R ES o] 8ste] IFAIZL
] HES7] el wEE AR E Alsle] oAl 95k
A wic} Al o g Brae ] sl Wks7] Ul A
g8 i1 4 7 AAE HEA 382 dAsEE
(Easy—load, Masterflex) 2 o]g3dlo] AR A=
AAA FHoH, 7P FE-FARY] S2EE 1
v/v)olt. 38 wofli= WA = d=3 AR AA
o7 g AdEE Zlo] 1 cm+= A& 0.3 mm ©|3}] &
ARRRe R FXska, 11 o] RE G7FE ZF A MR 2
2 ArF J7HE Y FEXFANE Wb 31880t
Ae] AHEE BE FHS Masterflex ' 96410—252 A
3901, WHeF0 $9FAE Table 20l VERYITE
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Table 1. Chemical component of zero valent iron

pall rings ZX8lth FdEE A4 f%2 10
mL/min®] 3L air compressor (Airssen, 2HP) & &3l 5
= FEE 10 L/mine& 7|98 (G/L ratio)+=
100002 FAAIZ T B 2715 o] 43 371595
QA AFe oo AES B ahde] AX|sielor,
pH A5 2I8F 7121 dzbe] 7912 abA] edske). 2t
AR FYEAQ dRYMIALE BAE] Sl
phenate method (American Public Health Association,
1989, 4500—NH3 H) & AH&-atSitt. o] <13l phenol,
sodium nitropusside (II), alkaline citrate, sodium
hypochlorite®} HFS-3lo] gtdoz walg AgE
UV-VIS spectrophotometer (UV  mini 1240,
Shimadzu) 3¢ 640 nm, 2] E3¥A2] 1 cmellx 743t
ek B7IE EH A= Ao s Werag A
stlon, gr)ge] 29x14E Table 3o UERSITE

[=}
BIANEE TG REFIE wORE AET 5
Ak g7ho] AshEEA AHE A ol

o

Fato] AbshE Y} ksl FERE 1A} JAYe, $u] &

[Follrs 271 2 Akl HFste] Atslde] ez 2
2} H o] o] Fo| XA Atk o}7|X= 7 dAlelA 2 27F
3 F Ao 55 54317] 99 ferrozine methodE ©]
gaoleh. o171 AFH S A&l 0.7 M HNO3®| acid

10%2] ammonium acetate buffer

Fe C Si Mn P S
Chemical 9839~9883 | 0.14~0.18 | 065~085 | 035~055 0015 0015
composition (%)
Table 2. Conditions of ZVI bipolar packed bed electrolyzer
Reactor volume Porosity Voltage Flow rate HRT
2000 mL 1% 600 V 6~12 mL/min 2~1 hr

Table 3. Conditions of air stripping tower

Tower volume Porosity Packing material

Gas flow rate Liquid flow rate | G/L ratio

2000 mL 85% Pall ring 5/8 inch

10 L/min 10 mL/min 1000
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41, AMMEAo MH EM
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g. 2. Nitrate removal and ammonia production in continuous reactor
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B
2um T Electron Image 1

Element Weight% Atomic%
C 1.87 4.11

O 40.94 67.63

Al 0.81 0.79

Si 1.69 1.59

Fe 54.69 25.88
Totals 100.00 100.00

Fig. 3. FESEM micrograph and EDS results
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Fig. 5. Logarithmic concentration diagram for ammonia Fig. 6. Concentrations of ammonia and pH in air stripping tower

nitrogen(Visual MINTEQ ver. 3.0 beta)

44, THEFR 9 oM R AR ST} 9 AHkAl 100 CFU/1mL ©l3), it B3E 2102

BEAs el o3t 5] vt 9 Al A E WA XSl il ks 7RE 45 1 pored] AE
TS dobry] SJEiA EHRe MES Wiy ZH59) FE dnkAdlet 9l digdato] AEWA Fskek ole e avt
1:20 (V) & 843 5, '1%713 EAAA doj7l TS = Fig. 70l vehd 2349 2704 Q] iz vS-& sl

3M petrifilmai=|ll 1 mL %3} incubatorelA] 35C= = e, vt 9l dubAlto] o= el A7]4 0
24~48X17F WjoFalo] AR wed FAE AT Amof A=t 1 2bell A AR WSl o
Table 494 9718 2 Bdazolq ezbdgke) 3 @S} s= Alo] 3w ofa, 5 wiAs 7
f5o] W Aukal 2 o gete] AARES VeI g F F=ellM OH radicalo] /3% o] Arbale 4 o
O17FAIQF Q1= Ao AukA T W thAFE 217t 96% S (A0 atshe a7 Wi ® Holxitk(Jeong

i
11101

W 819 A|AE T} o= 245 oJ7FH W majelte] 3% et al,, 2007). Fig. 8°l= 245 ZqeE A& A, Mol
ol F2Eo] AAE Aoz BT} ARt S8 7 FEA] o2 e s FoE AE WA, Ahs 7kt

Table 4. The number of total coliform and general bacteria

General bacteria 2 4 6 8

(CFU /1 mb) pore pore pore pore 10 e
With voltage 5065 N.D N.D N.D N.D N.D
Without voltage 133 138 180 150 130

Total coliform 2 pore 4 pore 6 pore 8 pore 10 pore

(CFU / 1 mb)
With voltage 25 N.D N.D N.D N.D N.D
Without voltage 7 5 8 7 3
#eeEl el 2 pore 4 pore 6 pore 8 pore 10 pore
(CFU / 1 mb)
With voltage 20 N.D N.D N.D N.D N.D
Without voltage 3 3 4 5 2

N.D. = Not Detected
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Fig. 7. The two types of inactivation of coliform/ bacteria in
the electrochemical disinfection
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