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Removal Effect of Ammonia in RAS Using Electrochemical
Process Combined with UV Irradiation

Wu Zhaoxue' Li Haijun' Yang Zhiliang' Pei Luowei’ Zhu Songming® Ye Zhangying’
(1. School of Engineering, Anhui Agricultural University, Hefei 230036, China
2. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058 , China)

Abstract: To explore the effect of water treatment and the influencing factors by using the electrochemical
oxidation process in industrial recirculating aquaculture system, the research was conducted under the
best condition with temperature of 25°C , current density of 40 A/m’ and flow rate of 300 mL/min, which
was obtained by the former study. With different initial concentrations of ammonia nitrogen, suspended
solid of simulated aquaculture water and actual aquaculture water of tilapia from the recirculating
aquaculture lab of Zhejiang University, the removal rate of ammonia nitrogen was explored by using
electrochemical process combined with UV irradiation. It demonstrated that the effect of using
electrochemical process combined with UV irradiation was much better than that of single use of
electrochemical process. Therefore, under initial concentrations of ammonia nitrogen at 4 mg/L, 7 mg/L
and 10 mg/L of simulated aquaculture water, the removal rates of ammonia nitrogen were increased by
45.0% (p<0.05),36.0% (p<0.05) and 20.0% (p <0.05), respectively. The initial concentration
of ammonia nitrogen ,the suspended solid in the aquaculture water and the actual aquaculture water had

important effects on removal efficiency of ammonia nitrogen, with the increase of initial concentration of
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ammonia nitrogen and concentration of suspended solid, the removal efficiency was reduced and the

spending time was prolonged. For example, the treatment of different simulated aquaculture water with

suspended solid of 100 mg/L., 150 mg/L, 200 mg/L., the removal rate of ammonia nitrogen was decreased

with the increase of SS, compared with the simulated aquaculture water only containing ammonia

nitrogen, the removal rates of ammonia nitrogen were decreased by 51.7% (p <0.05), 65.5% (p <

0.05) and 72.4% (p <0.05) , respectively. When dealing with actual aquaculture water, although the

system had great effects on the removal of ammonia nitrogen ( the efficiency was 97.8% ),

nitrate

nitrogen (the efficiency was 96. 9% ) and suspended solid ( the efficiency was 92. 1% ) , the removal rate

of ammonia nitrogen was decreased and the time spent was prolonged.

Key words: electrochemical method; UV irradiation; ammonia nitrogen; RAS; available chlorine;

radicals
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Fig. 1 Setup diagram of electrochemical process
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Fig.2  Synergy effect of removing ammonia nitrogen by electrochemical process combined with UV irradiation
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Change of available chlorine in the process of the treatment of ammonia nitrogen by electrochemical

combined with UV irradiation
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Fig. 6  Effect of different initial concentration of suspended
solid on removal of ammonia nitrogen by using

electrochemical combined with UV irradiation
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of real aquaculture water by electrochemical process

combined with UV irradiation

ZAb A RO AR 2 A AR I R TR AR
(9P 3 BOK M 19 pH (B ARG, 0 428 ) AS 26 25 %0
FEEH A A R G S R AR AR T K
FrFE 7K AL B DX ] At IR K A B X T AE
b, T R AL 2 Ak B R G 1 AR M BOR AR R e, A
FEL R 5 S Ak B R m RS 4 A R 1) RN A S
(] [ IS ) LS 3o 35 4 A IR R RS A i A K KA
AR LR . YEH 27 F) F 3 1 5% W B 5 5 4 40
U N 10. 4 mg/L (YA B AAE 60 min ARy
%o JyAh, AT L A E AR /N I AT A R 1A K A
9 pH {H . B i WU 0 2 5 10 X BRBOCR 22 2
DA H Al 2 Ak BT AT RE A 8 2 PR ORGE 2) &

7 ORI, AT 48 w55 v AR 55 A DR IR) 25 /L RACR o &
PRI UL, L AL 27 B AR LR 21 K 5% 58 P B I 8 5 2
ELZHRAMIIS .

3 5

(1) BRp el fifp R H fige 55 A1 03 [ Acb B0 5% B 7K TP G
BRIA B4R ROR 8 i 5250 B [R) 25 BR & AL
REAE AL PRI Dy 4.7 (10 mg/L (1R 4LL 57
BRI, L 5% A1 Blp [ A B LU R R i A0 AR Oy
4R 45.0% 36. 0% #120.0%

(2) AN [l 90 Je e 1) 8 R0 v ik 5% A1 B [ 25 B
BORA — € R0, B3 90 46 28 U EE 1 T i Fi ik
AR, BT T B4 I A

(3) FREE K FPBG 1] (A 8 3 UKL 4 SS X & A i
WEff AT — 252, B SS W I3 N, 2 R LB
RORAEFE AR R 58 2 Pl W ) o AR F 5
HrSS ¥k B 4393 oA 100,150,200 mg/L B, A Xt F SS
0 mg/ LB (45 40035 B K A 2R 2 B 0% 0 il
K 51.7% .65.5% K1 72. 4% ,

(4) HL A B2 A1 P[] £ Ak B 52 B S5 K I, X 52 B
FRA KR R R AR A 8] 1A P2 ORI (1) 25 B oA R
R, BR R B 97.8% .96.9% 11 92. 1% ,{H &
R L BRI, ZBRE T A

B O R N

10

12

& % x Wt

AV F R . 2007 Hh E O SE T AESE LML st o B AR AL ,2008.
Al F il R . 2012 Y SE i AE S LML bt B AR AL ,2013.
Al ER Y R . 2013 E L ST AR SE LML JE AT o E AR RRAL 2014,
AR 2. T BRI K R B R [ R B () ] SRR 5 K R ,2003,25(3) 5 - 13,
ZHANG Fusui. China aquaculture industry development in modern times and contemporary age: status and prospects[ J]. World
Science-Technology R&D,2003,25(3) ;5 - 13. (in Chinesse)
MRs s s, 55 R LT IR PRk 3R 5 A SR I 50 4 5 [T ] ol AR 4K ,2009 (4) =1 - 7.
CHEN Jun,XU Hao,NI Qi, et al. The study report on the development of China industrial recirculating aquaculture[ J].
Modernization,2009(4) :1 —=7. (in Chinesse)
ST R B SE LT k SR A R M R g v (] AR ML 4R ,2011,42(9) <191 - 196.
SHI Bing,ZHAO De’an, LIU Xingqiao, et al. Design of intelligent monitoring system for aquaculture [ J ]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(9) :191 —196. (in Chinesse)
ANRG X 8 KA. AN B ST KO T IS U s i sz [T ] K AE 8242975 ,2012,33(5) : 101 - 107.
HAO Xiaofeng, LIU Yang, LING Qufei.
ultrastructure of gill and liver of Misgurnus anguillicaudatus[ J]. Journal of Hydroecology,2012,33(5) :101 - 107. (in Chinesse)
VAN BUSSEL C G J, SCHROEDER J P, WUERTZ S, et al. The chronic effect of nitrate on production performance and health
status of juvenile turbot ( Psetta maxima) [J]. Aquaculture,2012,326 —329:163 - 167.
INE R T A, PP B A U I TR 0% g 38 X MR Y REPE R ST [T ] K 7= 37 4H,2002(1) 122 - 24,
SUN Guoming, TANG Jianhua, ZHONG Xiaming. Toxicity research of ammonia nitrogen and nitrite nitrogen to penaeus vannamei
[J]. Journal of Aquaculture,2002(1) :22 —24. (in Chinesse)
W, BB RS K L IR R KA SR R BE R [T] . iR 4%,2002(10) :36 - 38.
SHAN Baotian, WANG Xiulin, ZHAO Zhonghua, et al. Advances in research of wastewater treatment technology of marine
aquaculture plant[ J]. Marine Science,2002(10) :36 —38. (iin Chinesse)
E R R IR ST A G A IR A P R S K AR FRACR PP [ D] 3 8 - b R R, 2012,
WANG Wei. Research on microbial biofilm of biological stuffings and effect of water treatment in marine recirculating aquaculture
[D]. Qingdao:Ocean University of China,2012. (in Chinesse)
ATFK RIS AT 55 AT T BORL I K B AR W 8 4 B 0 R R Ak 40 R VR R AR AT ST [T . Il R 2 9 2009,

Fishery

Acute toxicity test of ammonia nitrogen and effects of ammonia-N siress on the


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20110937&journal_id=jcsam

5 43 SR GE . RIS AN R L B LT A SRFE A IR K R R BRI 279

13

14

15

19

20

21

22

23

24

25

26

27

28

29

30

31(1):92 -95.

SHI Fangyong, SONG Benben, FU Songzhe, et al. Pilot study on ammonium removal efficiency and nitrifying bacteria variety in
marine biofilter charged with bamboo substrate[ J]. Process in Fishery Science,2009,31(1):92 -=95. (in Chinesse)
RAJESHWAR K, IBANEZ J G, SWAIN G M. Electrochemistry and the environment[ J]. Journal of Applied Electrochemistry,
1994 ,24(11) :1077 - 1091.

ALY W AR, IR FE L 5F . = LR IR T A SR B AR F K R R S REC [T ], K™ 2441 ,2008 ,32(5) :749 - 757.
ZANG Weiling, DAI Xilin, XU Jiabo, et al. The technique and mode of regulating-controlling circulation water for indoor
industrial culture of Penaeus vannamei[ J]. Journal of Fisheries of China,2008,32(5) :749 —757. (in Chinesse)

DIAZ V, IBANEZ R, GOMEZ R, et al. Kinetics of electro-oxidation of ammonia-N, nitrites and COD from a recirculating
aquaculture saline water system using BDD anodes[J]. Water Research,2011,45(1) ;125 - 134.

TR, B0 B0, S5 H Ak 2 ST Ak TIME R A R OK A BIE S e (0] b2 5 AR ) 0 ,2011,28(4) =1 -5,

CHENG Di, ZHAO Xin, QIU Feng, et al. Research process on electrochemical oxidation treatment in refractory wastewater[ J ] .
Chemistry and Bioengineering,2011,28(4) :1 - 5. (in Chinesse)

W BF B , i I6E , L REE A LA SR AR B R IR IR K P A A RS [T ] K AR B AR ,2010,36(6) 111 ~ 115.

OUYANG Chao, SHANG Xiao, WANG Xinze, et al. Study of ammonia nitrogen removal in swine wastewater by electrochemical
oxidation process[ J]. Technology of Water Treatment,2010,36(6) :111 = 115. (in Chinesse)

VANLANGENDONCK Y, CORBISIER D, LIERDE A V. Influence of operating conditions on the ammonia electro-oxidation rate
in wastewaters from power plants[ J]. Water Research,2005,39(19) ;3028 —3034.

CHIANG L, CHANG J, WEN T. Indirect oxidation effect in electrochemical oxidation treatment of landfill leachate[ J]. Water
Research,1995,29(2) :671 - 678.

LEE J, LEE K, HONG S, et al. Residual chlorine distribution and disinfection during electrochemical removal of dilute ammonia
from an aqueous solution[ J]. Journal of Chemical Engineering of Japan,2002,35(3) :285 —289.

KIM KW, KIMY J, KIM I T, et al. Electrochemical conversion characteristics of ammonia to nitrogen[ J]. Water Research,
2006,40(7) . 1431 - 1441.

GUO H. Time dependent quantum dynamical study of the photo dissociation of HCIO[J]. Journal of Physical Chemistry, 1993,
97(11) :2602 -2608.

XIAO S, QU J, ZHAO X, et al. Electrochemical process combined with UV light irradiation for synergistic degradation of
ammonia in chloride-containing solutions[ J]. Water Research,2009,43(5) :1432 - 1440.

PR SO, AT, UV PR C10, 25 BR = A4 R H AR = i W 9e [T ] B8R4 ,2015,36(2) 1516 - 522.

LI Yuying, HE Wenlong, LI Qingsong, et al. Removal of triclosan with the method of UV Cl0,and its degradation product[ J].
Environmental Science,2015,36(2) :516 —522. (in Chinesse)

XIAO S H, PENG J F, SONG Y H, et al. Degradation of biologically treated landfill leachate by using electrochemical process
combined with UV irradiation[ J]. Separation and Purification Technology,2013,117 :24 -29.

KEVIN K S, JOHN W D, STEVEN T S. Evaluation of the impact of nitrate-nitrogen levels in recirculating aquaculture systems on
concentrations of the off-flavor compounds geosmin and 2-methylisoborneol in water and rainbow trout [ J]. Aquacultural
Engineering,2013,57:126 - 130.

MOOK W T, CHAKRABARTI M H, AROUA M K, et al. Removal of total ammonia nitrogen (TAN) , nitrate and total organic
carbon (TOC) from aquaculture wastewater using electrochemical technology: a review[ J]. Desalination,2012,285.1 - 13.
XING Y Q, LIN J W. Application of electrochemical treatment for the effluent from marine recirculating aquaculture systems [ J].
Procedia Environmental Sciences,2011,10( Part C) :2329 —2335.

TAPARHUDEE W, SUKSAMRAN S, SRISAPOOME P, et al. Application of an electrolytic water treatment technique in a
Litopenaeus vannamei (Boone, 1931) closed-hatchery system [ J]. Kasetsart Journal: Nature Science,2008,42(3) :503 - 512.
YEH S P, HISA L F, LIU C H. Usage of electrolytic water system in the giant freshwater prawn, Macrobrachium rosenbergii ( de
Man) larval hatchery system[ J]. Aquaculture Research,2013,44(5) .713 -727.

(L#E 264 TT)

19

20

21

MR, & EW BT, BT rOLIEEBOLIE 580G B AR AR S [J]. 4ol TR ,2014,30(10) 167 - 173.
SUN Jun, JIN Xiaming, MAO Hanping, et al. Detection of nitrogen content in lettuce leaves based on spectroscopy and texture
using hyperspectral imaging technology[ J]. Transactions of the CSAE, 2014, 30(10) :167 — 173. (in Chinese)

RN RS, EERE, S5 JET A0 v TR I R 3P R T P B & R TERUR I [T ] AR AU 2412 , 2013 ,44(9) 132 — 137,

GUO Wenchuan, SHANG Liang, WANG Minghai, et al. Soluble solids content detection of postharvest apples based on frequency
spectrum of delectric parameters[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(9) :132 - 137.
(in Chinese)

XPRAE G2 AR, . BRI RO LD AN IR AN G & S v 2548 7 i [T ] i~ 5 081 43-#r ,2005,25(6) -878 - 881.

LIU Shuhua, ZHANG Xuegong, ZHOU Qun, et al. Use of FTIR and pattern recognition to determine geographical origins of
Chinese medical herbs[ J]. Spectroscopy and Spectral Analysis, 2005, 25(6) :878 —881. (in Chinese)



