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AR EBRTER T LI T RIRE L MRERL . B EFEA L pH & A&

(TAN)F 3 A8 A(NO3-N) £ & iy % 7 . K il Design-Expert 2+ # Box-Behnken # ¥ 1% 21 & & U] %
T B & = AP0 BT SE R, £ B B R o RS e e, S S T AR AL AR RORL A

, G R B A HHATRIE. £RET,

WO . AR R AR B BE A0 4T 46 pH By

A3 TAN 23R E F A, EHRERNE&HT, TAN R EHE T 80%, [ER M AHHKE EF
A B ENONHN ER, NO;EBR XA 29.8%~809% G E N TN, MuBHEANEETZH R ¥
0.9340, RIER%K R % 0.8681, VU ZHA LA RFMER L. NOTERR BN &4 BRTE
H 25.6 mA/em’, FAMHAALE R A 1.6 1 1, HARIEJEH 2.5 cm, 44 pH 4 6.6, *HZ R &4 T
By AR BT L3I0 X FL, TAN R E 4 87.3%, NOsEBRE N 81.5%, MR KXW, wiLF4
3 7 LI TAN Fn NO3-N By | 3 £ W, [ B, o 5 A% A 0942 A By T4 b s A 2 sk 7 Rl A &L

BB RE
ES a0

hESEE X703.1  XEERIEES A

K7 SR B A A v R 43 R R A R R B
AT G PR A K DA, I A R BRI FEfE L
B A= Wy AR 7 9 0 7K A v A (TAN) L 6 il iR 3
(NO) S5 45 b 1 Pl T i (WA ¥ 36 55, 2004; 35 %2,
2010), 1558 FFH R 2R K e K 1)y Xk B AR 37 78
W NS YR B, TG PR K 37 i T A i A
ALK K TAN A1 NOy B4 Ak M XS o5 A il
2R (NO3) (Zhang et al, 2011; A EH %, 2014), {HK
o NO; B iR 23 = 500 mg/L, TEIEIR K FRIE R G
L, B ENNO S BTN R A K A FRSE . AR
ZEAL . PRz . FET- R IGm, [FEE, % NOsi5 /KM
A0 HE AR X S B2 5 i AN K R2 W (Hondov et al,

KPR wAFEE AR BFBA; "0
XEHS  2095-9869(2020)01-0066-09

1993; Chrisgj et al, 2012), NO3i5 44z #i5 & A1)
i, MR ELFE NOSE R N5 3L IE T BR fil HHE# (Torno
et al, 2018; European Council Directive, 1998), HGHi,
T [ 1 7K 5 5 8 7K — S HE BObR v A2 1 JEHL A (DIN)
HeRlcHe b3 IR B T 0.5 mg/L, 5tk b DIN iy £ %
WA TAN, NO, fil NO;, 2 HEMXT TAN Fl
NO I ELFR, (XA KIRIE N F , KA H NOS & it
I F TAN fil NOII & &, Bk, [RIZWERIRH
JK Y DIN 2 B B 2 P 1 ]

Har, #HORESREZEGYHEWRE . R
PR kAT R A BT AR AR I R A
(AR N A . AW . N T2 %) (Mook et al,
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2012). Wb idid & T E Al b2 A0, ST
K H S A T PR A RIS Y s 1 AR B R K T
P (] SRR B (AL . R . AR AL, pH. i3
23 ()5 EER A 5 SR AR LI A T AR R .
G B M AE AN F (Ruan et al, 2016; FREAE,
2016).

ICARSR, H A A AR 32 3 e e A 1) Oy =R Ak B
15K, AR J B R T YL ) 7 A 3R & AR T s ]
e b2 RO AT B Ak, DTS B TS Y i B
FUA A BnT 45 RN SRR L T2 R G S5 #(Zhao
etal, 2018), W LI EBRAMEST ALY . TAN,
PO; . NOZEVG YY), [N fEid S A7) 12 I
FH(Xing et al, 2011; Ye et al, 2017). [7E %4 TAN F
NO3 2 7850 I L ff s R B L BHBR & AR 1 S8 Ak A R
B, BAME) NOsTH B F 8GR R, Rl e I8 =4 (3=
BLE TAN)EBHR L TFHE AR, IS TAN
AL NOSIRFH TR G, 958 N I5 i [R5 LBk
AT A5 YY)(Ding et al, 2015), F4&, mik¥
JKAL B AR TAN Fl NOHIAH — & M EBREUR, H
TESZ BRI L R v, B AR SR A5 2% o DU 55 2 X s 1
M T A . AR SCE A R E LR, IR HELK
AR PRI R A RN A5 N V5 e L BRRCR AR,
i3 Box-Behnken S5 7 M 1 1fi A5 0 X Fi Ak 2 7K
A B[] A5 0 R0 g S AT AR, IFXRHRAR)S B
N S5 AR AT S B BRI, K A K IR A A R 1 &

JE& R T 1) LB R 05
1 MH5ETE
L1 #E5&E

SEHRE WL 1, R G H AR R R TEG0 Y,
5A). B M (100 mmx30 mmx5 mm) . B S HEFEE |
B . 2000 ml BEAR LK

Bl ERR
DC power
M [A
30V,5X_f
— Electrod
ectrodes
BEAT | WA
Beaker Aé&gb Po) — Zeolite
SRS @Do
_ WEIBEHERS
8 o] Magnetic stirrer
Bl 1 Seimies

Fig.1 Schematic diagram of experimental device

1.2 SLIGRAK

SEHG IR 75 B 5B o 4R PR R OK 3R 5 4
], FEOKBHEIR LA 1.

F1 FTHWAKKBRIEER

Tab.1 Water quality indexes of experimental water

SEA W AH R R MR R BA TR oH
TAN (mg/L) NO; (mg/L) NO3 (mg/L) TN (mg/L) Temperature ('C)
2.32~2.54 0.02~0.05 13.1~15.7 21.8~26.5 25.9~26.4 6~8

1.3 LI H*E

S G 3 A+ 7 o PRI RE L ARORR IV RE L I B AR T
FREL B4R pH AR/ INRIIFSE RN 55428 fEXT TAN . NO3
FBROIFEM o R FHRE J7 B FF 2 I A A 1 R A AR
B, R A — 2B R TAN, H 8 SO0 AR 2 i
R . e R, R R TR R /INRE R R
3N, J3=10 mA/cm®. J,=20 mA/cm?*, Jy=
30 mA/em®, JHESHA B 1 HI AL D1=1.0 cm,
D,=2.5cm, D;=4.0 cm, SEHH, FHBAR K/NAAE,
SR T RVF A J55 AN [ I 110 BF AR AR A, 3775 ) B e Al T
U A= 1, A=1.5:1, A=2 0 1, BRSSOk
T ARfEXT TAN, NOsZEBRAYFZ M, iz NaOH K&
HC1 ¥ 7 5256 K 91 46 pH A Pi=6, P,=7., Ps=8,

TEBF ST HL I 28 X TAN . NO3 Z2BR 52 i i, Bt
HAh 3 ANHF5EES Dy Py A K. FERFSE
AR ) B X TAN , NO3Z<BR 2 mns, H5 HoAth 3 4~[H
T BlEEl 3y. Pay Ay Ko ZEBIFFE AR A T AR EE XT
TAN., NO;EBRIYZ MR, K HA 3 AP 2 51l il
Dy. J,. Py I/KF, ZERFFEPILG pH X TAN. NOs;Z
BRI MRS, B Al 3 NPT Dy X A
BRI, BT — 2 AR A X R BRASCR 52
PR BRI LER S, B TAN. NO3 BB % AE Jy @i
Jof TR AR (0 B0, 1E— 25 e M B AR R R A R N
15 YL R BRAKCER A 2, T R S G R 5 I i 7 [T AR
RUIpHT s o sebad v, A 10 min 1%E 1 KK
1 TAN, NO;WKES, HAHTRELR 3K,
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1.4 KEHHHZE

K B bR AN 2 42 B8 g W IR TS )
(GB17378.4-2007) 1 iy 7% o Hirfr, TAN BYAG IR
FEI WA 6L NOSRIZE 2 i e i ik
NO R HEHmIA IR ; pH. IREESHCRA YSI £
FIE K B0 2 S (3 TR I A2

1.5 SHItE

IR B R J (mA/em?): J=I/S

AP 1 S LK/ INA) , S SRR TR (em?) .

EBRFE R=(C—Cy)/Cypx100%

K, Co MWIRYI IR IE (mg/L), CONHL# t 4
BTV P ) R 4 R B (mg/L) o

2 HR5H®

2.1 BERXE

WORE A ERR . AR LSRRG R
FLM B EE SC I SR, TAN . NO3UK B 1 [ i 37 25
JEE V1A b TR gt st ) ) AT T R, R 40 min
J&, 3i~Js 4 TAN R P14 1) 2.4 mg/L 43 5 REAKE]
0.34, 0.22, 0.20 mg/L, H, J,. L HERME R
FIFT 30 H(P<0.05) (K12). HI T HLUL %5 BE B T o g
TN IR B A R R, ol () 2 AR Ak S R AR
HCIO V& BN Wrg hn, IRl a7 A i < (N)
B —ERRASEN, ET TAN 255G R,
2012; Cao et al, 2016), 7ESCEH A, Jo. I AU
BT TAN M RPRBCRIEAMFE, X nEEY J ik
B — R , S5 2 BN FE P 2 N P PR s
YIRBRE) B E, ARSI % S SRR
N B B AR I T R (M ETFILAE, 2011), HL
fi# 40 min J5, Ji~J; 41 NOVKEE HWI A 1E 13.1 mg/L
SRR 9.2, 3.4, 2.5 mg/L, EBERHEF] 29.8% .,
74.0% . 80.9%, #5ZH 25 3 (P<0.05)(K13), 25545
(2009)#FFTIN N, NOSHIIR R E H, 2 5 (0 1. 2),
10 mA/em?® B [ B REENE , IR R AP LA H, 4t
NOiRJR, X nTRER Iy 4 bR Im ) E 2R, BT
TR LR I Ak, S84 6 Hy A NO3
WEARAE T R TMR, AT NOsABRFEM
(AR, 2009).

2NO; + 2H,—N,+20H +2H,0 (1)
NO;3+2.5H,—NH;+20H" )

2.1.2 BB BRI ERR, B EERA RO YR
PR TR B SC 56 s, i A T AR G S
TAN [ R BREUCRZ T B, HEA RS, TAN

2.1.1

g
[

—a— J=10 mA/cm?
—e— J,=20 mA/cm?
—a&— J:=30 mA/cm?

g
(=]
T

BRAWE
Concentration of ammonia/(mg-L™)
W

1.0}
0.5}
0 10 20 30 40
Hi} 18] Time/min
B2 H s B S A 2 BRI s
Fig.2 Effects of different current density on ammonia
removal
18

—a—J=10 mA/cm?

SRR EL e
Concentration of nitrate/(mg-L™)

10 20 30 40

if 18] Time/min

B3 H I R i R R 2 B Y 5

Fig.3 Effects of different current density on nitrate removal
e B Y AEAE W 1 25 5 (P<0.05) . HLfi# 40 min Ji7, Ai~A;
ZH TAN ¥4 5IR 4 021, 0.31, 0.38 mg/L (K1 4). T
Bk TAN 42 1 52 5] NO3IBJF 520, B AR AR EL
ey, BAMTE ARG K, NOI& JFEH A, Sy
Y 7K TAN B BE , AHT TAN ZLBRACRAY§E 5
(CRHE, 2013). HAR TR/ INGE 0TS Y 4 1) 25 B3 a2 T
R L SN, R AR AR SR TAT A T AR K
i TAN. NO;$AETT 20 B0 8 GBI, 2018), 2
NAT R, NOSWBE B 2 e TG ETHr&ss, ik
AR LIS A BT NOsHy 2Bk, Sedarh A~A; 21
NOHKEEH 14.6 mg/L 4rillf#(%5] 7.9, 3.2, 44 mg/L,
A AT, NO3RBRECR 3 & T HAh 4 41 (P<0.05)
(1 5). Reyter 4:(2010)i 5% & 8L, 401, FHARAR HAH
Fb &A= A8 ), NOSIR U M= Ytz A8 4k, 4
B . BHB AR AR LN 2.25 BF, NO3SGIAJF =4 TAN,
Bif TAN AL BN, FeX NO3 2 BRAUR B W42 7t .
A, B AR AR 1.5 0 1 B, NOs & BR
ORI A, HoARMERF| R TAN FHi, Xaf
RE 15 290 Hh R A0 HR AR BT DA B B AR H A 5 L R
Ko AWEFE, NOWREER S, AR AR,
T8 RN BAARAR AR A T NOs ki
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Fig.4 Effects of different plate area ratio on
ammonia removal
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THERERIR L
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S
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Fig.5 Effects of different plate area ratio on nitrate removal

2.1.3 MAMRE A E AR, L LA EGH R
WA [A]HE S50 25 5 W, L 40 min /5, D,~D;
ZH TAN HH 2.54 mg/L 43 3IR#4K%E] 0.23.023.0.24 mg/L,
220 1) G B 3 22 5 (P>0.05) (K1 6) . R PMES(2016)1E
FI TR A P B N FRBE IR K B K B0, — i Y
W, AR I EE R AR NS IR TAN [5BR, SAFGT 45
RIAR -, RHQ013)FFTEI, AR AR
M) TAN ZEBREY TR, PRI 2 i 32 2 g s 1
TR, FEMEN TAN BEBRZCE . BRI
JINESE R R R, PR A Y HCLO 22, T I FRL fg ) 1] £
WK, AR ZET HCIO 78, WAl A2
M) TAN RBRIEZHRER, FIL, K4 LBRRIEAM
(BR4:28, 2008) . Bl & HA i st (] A 24, R R E]EE A NO3
BRSO 22 R, Di~Ds 41 NOTHREE 43 71 B AIK 2)
8.3, 4.3, 6.8 mg/L (P<0.05) (Il 7). WkFI4(2015)WF5T
KIL, WAREIERE N, NOs Z2bRF h 32%42m 5] 77.2%,
ELERFRWE I, A T, HARBEIEE A 2.5 cm
F, NO3ZEBRECR EONEIAR, 38 /N A [a] B 45
ANFIF15 G 25, 3 R A 1A A o ) e i
AARZAET , WA 5 10 156 o £ 488 R e W e e L, el
HL T RS R AN, ETE M BRSO s b B) B
F/NEE, B TR VR A3 B NOS B RS i R AZ I

[RIARE, A o] o HE S B0 i R T A A= ik, PRI, 38K
s/ MR A EEES 2520 NO3 IR IR 3R (Brylev et al,
2007; MEFILAE, 2011),

N
W

—a—D=1.0cm
—e—D,=2.5cm
—aA— D;=4.0 cm

g
(=]
T

BERWE

Concentration of ammonia/(mg-L™)
5
T

o
W
T

(=]
T

0 1I0 2I0 3‘0 4‘0
fifE] Time/min
o6 MR A B X B A BRI s

Fig.6 Effects of different plate distance on ammonia removal

7’\18 - —m—D=10cm
?11)16 —.—D2=2.5 cm
g —&— D,=4.0 cm
5 14
® B 12+
% 3
5 10
ey
g = i
D
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B 7 B TR B X A R R 22 B 1 5 1

Fig.7 Effects of different plate distance on nitrate removal

2.1.4 Ak pH S EAA. BB Ak E
Wilh pH 5256 o, #WIE pH BT AF T TAN
I NO3IZERR, HLfif 40 min 5, P~P; 4 TAN ¥R JE 4
WK 0.18. 0.25. 0.36 mg/L(/&4 8), P~P;4H NO3#kE
i 14.6 mg/L 2 BIFEARE] 3.2, 4.7, 5.5 mg/L(E 9),
4] 22 573 B 35 (P<0.05)., Gendel %(2012)fF 58 %1,
pH 3 28 52 i 7K e i B S A7 A6 T =X T2 i TAN 1
EBR( N 3), 24 pH<T i}, K FPiiF B S E L HCIO
WRAELE, pH>7 B, KiiF Bi | EZE L) OCIFA7E,
HCIO &AL EZ I 1T OoCl, ik, MUk A
B FhnidE TAN B2, pH BARRHE BT NOsHY &
B, X EEE R ORISR T K Bk EE R, 7
() Hy o] VE R A H 4822 5 3] NOsIE IR+, M,
A BT S NOsHY I AR (25 45, 2009)
MR ZE SN ZE R, b2 FKARBEXT TAN Bk
RAE S A FHRBEIA T 80% LA, EASTR] S 45
T, NOsHEBRFURZHIRAK, NOsEpRFAR, Rl
T TAN. NOsH[RIE LB, RStk [mAD A AL
H, SRFHWA R AT NOs =R A it T Ak
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Fig.8 Effects of different initial pH on ammonia removal

—_—
oo
1

THRRER MR BE
Concentration of nitrate/(mg-L™")
S

0 10 20 30 40
B 6] Time/min

K9 Wtk pH XFAHAREE 2 BR AR

Fig.9 Effects of different initial pH on nitrate removal

2.2 MMEESFTHEBREBRAERE

220 BEEIRIEMSN AKUIREHRNER
SEEG LR LA |, A Design-Expert 8.0.6 414N
Box-Behnken HU.0 40 A1 TR HE, DL IR BB . B
[ AR TEAR LG, W04R pH 3k 4 A5 K- Ay o 7
A h, LA NO3ZEBRGCE N N, #E17 V0 2R =K
(14 e S TR S 3 1 T, S PR 3R 7K M gy WL 2% 20 A
4 2018).

% 2 Box-Behnken {3 i% i+ E F R KTF
Tab.2 Factors and levels for Box-Behnken design

75 fefy Zifi%7KSF Coding level
Variable Code -1 0 1
L% BE Current density A 10 20 30
MM lE]#E Plate distance B 1.0 2.5 4.0
AR 1 AL L Plate ratio C 1:1 15:1 2:1
#14h pH Initial pH D 6 7 8

1833 Design-Expert FAHE 7270 IR BIHSAFAYHL
A Ri=0.81+0.073xA+0.011xB+0.033xC—
0.009xD-0.025xAxB+0.003x 107> xAxC—0.024xAxD+
0.0046xBxC—0.006xBxD—0.003 x CxD-0.076xA’~0.100x
B*-0.075xC*-0.038xD, X{HAIPEFT 220007, st f
W23, MK 3 ATLIAH, B P<0.0001, UiAARTRRIH

*3 EPKTEATESH

Tab.3 Analysis of variance

for regression equation

T H Nl A H ¥y F{H Pk
Items Sum of square Df Mean square F-value Significance
FEEAY 0.19 14 0.013 14.16 <0.0001"
A~] 0.064 1 0.064 68.02 <0.0001"
B~D 1.34x107 1 1.34x10°° 1.43 0.2522
C~A 0.013 1 0.013 13.8 0.0023"
D~P 9.90x107* 1 9.90x107* 1.05 0.3227
AB 2.50x107° 1 2.50x10°° 2.65 0.1256
AC 4.23%107 1 4.23x107° 0.045 0.8353
AD 2.40%x107° 1 2.40x107° 2.55 0.0327"
BC 8.10x107° 1 8.10x107° 0.086 0.7737
BD 1.56x10™* 1 1.56x107* 0.17 0.69
CD 2.50x107° 1 2.50x107° 0.027 0.8729
A’ 0.038 1 0.038 40.02 <0.0001"
B? 0.065 1 0.065 68.49 <0.0001"
C? 0.037 1 0.037 38.97 <0.0001"
D’ 9.49x10°° 1 9.49x107° 10.07 0.0068"
5% 7% Residual 0.013 14 9.42x107*
AT Lack of fit 0.012 10 1.19x10°° 3.53 0.1179
4fi iR 2% Pure error 1.34x107° 4 3.36x107*
S Total 0.20 28

. PONBIETI RS EPRMEN G TRE; FENZNRNE

Wi S PERRE , * O R

Note: P is the fitting degree between the regression equation and the actual value; F is the significance degree of the

influence of this factor, * is the significance degree of the influence
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HERLESWREE, KT P=0.1179, P>0.05 #iI%
A, SO AR Y [0 9 5 R AR BRARL, SomT
BRI AR A S84 E T A NO3 2 BRRCR 17 43 #7 Al
T, ARG ] T R R RP=0.9340, f5IE R R=
0.8681, Ui BHA A T 45 S 15 FL B W) B B A v (PR AL I
4,2013), WNFR3IATLIAE T, M2 B S AR AR L
XF NO3ZBR 52 ma Al 2 (P<0.0001);  HE Ui %5 B FA)

\°0.9
BN X
0. )
_ﬁ,ﬂ_gOS %é
HE 07 B3
&g &g
H 206 X o
HE s
K305 &
Z3 z5
£ 0. 2
& &

S =0
[} Q
%8 AN
;ﬁ.,. :S&""O
g g U
Heg &g
He H 2
e 2E
g3 £s
&~ 0 -4

f pH Y28 A AR 25 %2 NO3 25 Bk (P<0.05);
BEAh, BRI R kI A7 B2, CPL DX NOsAbHIRL
SR A, 3R BB 2 KT

222 BATFERXZAERSH Ry ik — 5 A
19 28 AN X NO3 LBz my, [aln), KA e
R A A, [ Hor 2 AN SRR, PRAMER 2 A
R ACHAEFXT NO3 ZBRa M ilnm iz AT 3D R E (& 10)0

/%

R R IRBCE

Removal rate of nitrate

/%

Ml B RRACE

Removal rate of nitrate

7.50 1.6 .
@131'00\6“ 50 1.2 ‘%@%ﬁ‘:
AT . - <

Lajggy, 5151 6.00 1.0 WQ\?;‘@

B 10 P E A ELAE RS X il Rk 25 B3 2003 52 i ) i L T

Fig.10 Response surface plot for effects on nitrate removal under the interaction of different factors

M 10 ATRAE Y, A5 4k TR DL ih e b
T A8 FUN SRS, A e 2 S A IR Lk B R
Vi P A2 EAR R 5 I =2 A ELAE R 3 Gk i
25 2018; HibihEE, 2018), B 5414k pH Z |H]
LHAER BN . @i NO3Z bR il ik il L &
PR, BN S5 b, H R 5 N NOs 2 R R i e Kk,
HR WA E R, XA EIIE T3 3 Ho 200 R 45
T o M 17 T S BT A T, A A A R R e o, 4 AR
ZIRIM KRR S, TR H—R& R,
J A0 37 T34 R FF L 1] T (81 10), BB 4 AN PRIER Y S
550 Bl Y S A S AR (R (B R R A5, 2014) 38 23 X 5
RUENA FRE ML IEsR R, 3R T NOsEAELBRE N

83.4%, IATAYRIN 2. J=25.6 mA/em?, HlA]EE Hy
25cm, MR R 1.6 + 1, #I4h pH N 6.6,

2.3 IGUESKIE

TERERLL AL J5 1Y S50 458 T I Jie 3 IR A i,
FH 0 E SR FE 2 K 8 B SR WL 11, IR 11 7T L
F i, CEH TAN MR H 2.28 mg/L B4 0.29 mg/L,
T FIA T 87.3%; NOMKEEHH 13.5 mg/L [N
2.5 mg/L, VHEBRAILEF] 81.5%, M 1o [fi A A4
fbJG NOZEBRFHTAE N 83.4%, —HAIRZEN
1.9%, IbAh, XS b a4 NOJR EE /3t Ja A& 81,
A SRR NO VR KR 2 E T}, B — Beif a) 5
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R —m—TEERER Nitrate o
= g 4q —a— T R4RRER Nittite | 12
E 21 2
§ £ 1sf ! i 10§ g
E}B E 15| 18 %<
m% § 12 . " le % g
k) L g
2.2 0.6 o
g 03} A = 5 e 12 §
§ Oli/l _$T 0 O
1
O

B e RO 25T 4 i SRR
Fig.11 The nitrogen removal effect under

optimal reaction conditions.

FOR BB TR, BRI NOy BUR AR
SEYZE AR, SR e 7 TR %o Fi A K Ak PRS2
AT OLAE, A B T IR PR K R R A B

3 i

AN SRR, H R . AR AR | B AR T
T ARG pH B BCZE X TAN B BREEME /N, TE45
ER ST, 440 TAN i Z=BRR k5] 80%LA |
IMTHL A B . WA TG | AR AR L ANl & pH Y Bk
AR R NOsI ABR, SHSCE TAN I NOs I [A] 25
2B, 6 NO3 I AT Ak o

DLRL 2 RE . AR BB . B AL EL . widR pH
KR T, DL NO3 2 B 25 Ay Wi Ly (L 57 ) 7 i A5
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Optimization and Validation of Electrochemical Technology for Simultaneous
Nitrogen Removal in Aquaculture by Using Response Surface Methodology
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Abstract The simultaneous removal of ammonia and nitrate nitrogen is a challenging process in the
treatment of recirculating aquaculture systems. This study first analyzed the effects of current density, plate
area ratio, plate spacing, and initial pH on the removal rates of ammonia and nitrate nitrogen by a single-factor
experiment. To understand the effects of different influencing factors on the efficiency of nitrogen removal,
four-factor and three-level response surface experiments were designed on the basis of the central combination
principle of Box-Behnken in Design-Expert software. Subsequently, the reaction conditions for the
simultaneous removal of ammonia and nitrate nitrogen were optimized using a response surface model. Finally,
the optimized reaction conditions were evaluated using verification experiments. In the single-factor
experiments, we found that the changes in the current density, plate area ratio, plate spacing, and initial pH had
little effect on ammonia and nitrate nitrogen removal. The removal rate of ammonia is always > 80% in the
given reaction conditions, whereas the changes in reaction conditions significantly affected the removal rate of
nitrate nitrogen, which ranges from 29.8% to 80.9%. The constructed response surface model showed that the
regression coefficient (R?) was 0.9340 and the correction coefficient (R?) was 0.8681, which showed that the
model has good accuracy. We obtained the optimal reaction conditions using the response surface model:
current density was 25.6 mA/cnr’, plate area ratio between cathode and anode was 1.6:1, plate spacing was 2.5 cm,
and initial pH was 6.6. Experimental verification under the reaction conditions proved that the removal
rate of nitrate nitrogen could reach up to 81.5% and the removal rate of ammonia up to 87.3%. This
experiment showed that electrochemical treatment can effectively achieve the simultaneous removal of
ammonia and nitrate nitrogen and that application of the response surface model can improve the nitrogen
removal efficiency of electrochemical treatment in aquaculture wastewater.

Key words Aquaculture; Electrochemical technology; Simultaneous nitrogen removal; Response
surface methodology
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