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116023;

E O TREEAMEIIRI R LRAS) B A A MR EBAF) £ A1 88 E, W T A ANO0,-N)
REFBRE, HHRELEAHEWANTNBAF £4, UEBKXNBAEHE BAF R4 4. AR
AWEIHE, RAAHEFREHRALZETHEARELS, AR TAREAEHRILEBEREZTH
ATHETLEWNAEZR, A LA Z LR ENRBNEEER TSR ATRNMERE T,
ek ZEIERL T AR B 4 10%E LB E , B 1K 25% 1 NOL-N R 2 % & 50% 8 1 5 & ; ¥ K BAF
RELEWTEZEASHELGTHERG EHREE, FBEBESHKY 12 h, R5E® T 7HEPPC)EKF
KK G EAAE AT A3 1, BE A 30°C, Ad f# RMHLR) A 1.2 m’/(m’-d), # K £ & (NH;-N)
fATH 1 mg/Lo FFRFYN, 72 RAS # 5l Nak R F DL JE BRIR A7 N354T, # 4R & BAF R4 4 #
AT LM E, HE R NO,-N R EMIZITHE E, N BAF £ RAS F 7 4 7= i 42 380 R 3 .

KA

FESEE S969.38; X703.3 XHELERIRAEZ A

18 7K 11 ¥ #7 5 & 5t (Recirculating  Aquaculture
System, RAS)# ik 1A A J2 i P 1 7K 372 58 A 85 75 Y
) R, R K T A R T S Y A R0% 12 (Calone
et al, 2019), B AW IER (Biological Aerated Filter,
BAF)& RAS /KA FHH FH AL O BTG, AT LA ROH IR
FE R KA it 22 19 5 B (NH-N) UG HLY (B 2o 4
2012), DAERYBIFEERNT, BAF ZLIGELR ST R

B EMIE S AL, S HE; AER
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AT, SRR R A A T SOV CKE NH-N 516
Vi 4 A (NO2-N) Flil§ iR £h 20 (NO3-N) (5K I 75 4%,
2010), #RIM, BAF H A b 5 hvy o #8104 I 2
5, OB NOL-N ZFUE 4 (FEHEdE, 2016; He et al,
2016), 43H22%5(1999)F1 Yun (2016)WFFE K, F4H
K H ) NHL-N Fl NOp-N Xf 8 AT fEE M.
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P27 BAF RGMAMERE, J& H AT RAS BRI AL
JH R 7 fE e B9 ) B (Pungrasmi et al, 2016),

Park ZF(2017)FIER MR FHAE(2019)WFFE 28, ¥4 m
B A DR A S A A B8R AR S A e R T 4 e T K Ak
PRGN ARBOR , (AR A S A A AEAE SO IS P vk
BORE . R AE s T AR E S, MELITEI KSR
B FR AR 2 T (E AR, 2019), J7Bi%(2017)H1 Hu
SE(2019) NIFURHATR Geis 17 77 20 1) f B2 I Je 1 4
58, WS T —@ 0, (A BT 28 p T A0
5 KRN Tl R K AL B, 1 X6 K A6 4 37 5 2 G i A
B, WA FE WY R BBt s BAF &
SR AENMERE, O B AU RE AL S TR R AR
BiRJE HeFP ) BAF h, BUS T ASar M AR (B 4
58, 2019), (HA: Py Ak 2 R B ) i ik AR P Al T A
TR, MELBA B G 1 5L bR AR = v

Mk, AR LRI, fLBRE . )R
PESRSEAL A, AR g 30z i O 334,
2018), AR ERREA WG AR ST ARZEF S R R h 45
EE I PNE . AR T RAF) CROAEET L ATE
SRR A, Ak Fe( T i 6 Fak A 1L
H (DT, 2014), BEAHHEQOITIIFEFRI, BE L
PIIAEAE AN GE T A W) RN S BT = ] 1 A% sk o
Fe 5 N 7RI A AR A B A T, il & Fe-N #i A,
{2k Fe MIFEALAI N 9454tk (Jan et al, 2000; P 3CZE,
2018), CAMIFERM, KM RS, il Fe-N
AR R bR A5 W RO AE S R AT
[ o BB IR SV TR iR (PPC )56 1 5% 7K SEUREEL A W K 1 g
MY BER Z AL, B TAR SR R L6 (PE) g 4 45
REEA AT M, BOKE 5 MoK K, AREUAER
K, BRTHAEVME, FA B SR AR5 7E
S5 T CO, il , kR IE It ek, B RAFsE
Brn FANE . FRTES5E(2010) FISEAR AL (201 8) % 47 PR 42
BRI B 7 SRR 55 52 & BURL#EAT TF9E, RILE
HHORT DL g s s K b B R, oo i R
&N LAY . BT, MR Z A KR
YRR PPC BEREE K BURME Sy 5 6 HORL R H R0 24
KK P BT, AR RS 1T S 800 NG
e, FEORBURHE N K SR FEIE A R G AR A5 24
VA

AW VAT I BAF, LUEYHEA S
PPC B S5 /K SRk E 1 W 04 B2 i 5 A 380k, I DA
[ BRSOy s 1T, Bl A A - IR RS A R
(M55, 2013), AFFEHERAESE A HOBHAC L A £

i) kg S as A7 7 20, IR AR IR BE . K 7 B A R
(Hydraulic Loading Rate, HLR), #£7K NH;-N £ faf 45
RGEBITSE VIS R ARCE, BRIk NOx-N
R BR R, PR S HORE RAS Hril st
B g FH 2 HE AR .

1 #REFE
1.1 SIg%ESE

SIS BAF RG% 5 £ 2l BAF OVidy . BEEh%E .
Bk AR 1), B4~ BAF RV MK RS emx
8 emx12 cm), RARMREEM BT, ARAAF N 1.44 L (H
H, SERMARUR 0.20 L, KIERMEFIZ R 1.24 L), B3
TP I K I K R AR T 2 8 7 KA (20 emx 16 cmx
23 cm), mEPLKAHARUAR R 7.36 L, i@ H )k
A BAF NV #%JEEHR , BAF L A B = AE g4
T~ BAF SO e kK g R s v H i, DA 2
S i K g f i

80 89 ©®

Bl 1 5:3 BAF Rk

Schematic diagram of experimental biofilter

Fig.1
@O EYEMRECR; @ BE3A; O Bk @: R
®: FAHK: ©: @Ak @: dikE; @: #KIE;
©: B4 O ARG R
: Filler; @: Peristaltic pump; (3: Water distribution plate;
@: Valve; (®: Air pump; ©: Water reservoir; (D: Outlet;
®: Inlet; ©: Aeration stone; 10: Gas flow meter

1.2 SEIGFK

SR HEK R N TAHUSFRIE K (2 5 7K 5, 2009),
AR A A K P ISR NHLCL 58 3R
(2 1), ffi NH;-N #KJEF N 1~1.5 mg/L, COD #KE K
10~12 mg/L, NO;-N ¥ #<0.002 mg/L, S2¥iEK %
K 16:00 BLiil 1K, & REWEKEE, BURMA
WK, F5F 10~15 min, RFEFHY RIEK AT 52
EVRIE R TIUORE S 1R
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F1 ALEMFEEKREFSRELS

Tab.1 Synthetic nutrient of marine wastewater

43 Composition 1 Content (g)
SiAks% NH,CL 1377
BRI E. 84 NaHCO, 3500
BB MgSO, 36
IR & — %M Na,HPO, 159
Wik — S KH,PO, 153
=Sk FeCly 5

I 100 g FARYIFRGWH 4 8.64 g A
Note: 100 g of the mixture of the above substances contains
8.64 g ammonia nitrogen

TEK BTN S b, BRI AL, HA AR
JIv e PR 3 i T 4K o

1.3 SE8EMAERREYEIER

AP AR DR I G IERL, K 4R g PPC #E
JBE S K TR DL — 2 114 U B TR 5 9 1) I 98 1 g, T B
AV SR, Horh, AR R (R R A SE R
REHE A RA RS HOLER 2. PPC EEREKETE
(I ZRFR B PR ORBHEE AT FR A w3 FEmG R Tk, HAT
IRZER , AR 8 A W KPR B e SR K, B K S I
K, BBAEK, WK 1.7 15, aRmAAS]
4000 m*m’ D) I,

F2 BHREFEREZEFAER

Tab.2 Main technical indicators of sponge iron filter materials

kA Frigit HER R Rt
Iron content ~ Silt content Bulk density Particle size

(%) (%) (tm’) (mm)

=95 <1 1.0~1.3 0.5~5

14 EAERREEERBSIETAR

KA IEST PPC EERE R /K IR 5 i 43 2k 0k
BoLbar oy 1o102:1, 31, 1:0 A, 1:0 8%
HAZH) 45 20 53 ) 1 AN [ 1) (] g U (3L 6.4 12,
24 h), AN[FIBESIHS B REAS RI4E il 45 (AL-06, /NH-Z&
P RHEA BRA AR . REBITIRE H(25+1)C,
HLR & 1.2 m*/(m*-d), C/N i 3:1, pH N 7.5+0.5,

1.5 HtEZRETSHMRL

2258 A BRI LR RS 17 R AL S e
N R L5t R g Hfh 2z 7 S50 fb . i
20°C . 30°CHI 40°CA[RIREALEEA ; 3 ASATHEFEK
NH;-N #RFEEACBEAA (1. 2 A1 4 mg/L); @it bkshE i
Tl AR BE R 3 AR HLR ARBRAL[2.4, 1.2 F
0.6 m*/(m*-d)], BRUEEANFIRE ., JEK NH;-N R

FHLR 54041, HApiatr &8 Rl Ae Al [F K F
PPC Bt R /KRS 4R B LN 3 1, SORp B
180 g, [HIERMESRIFRI KR 12 h, KIfmRh
1.2 m*/(m*-d),
1.6 MiRAE
1.6.1 HAtREBELME  BUEREGLHEF PPC K
BHRE S T O i 2, R A 2.5% %
BB RR v TR 12 h, B S T T PR 28 vh
(P 500 ml: NaH,PO,-2H,0 31.21 g/L, LK
500 ml: Na,HPO, 28.392 g/L, HUHIAW 195 ml f1Z
T 305 ml TRA5)THGE 5 U, FRREA AR it iR IRAE 60%
70%. 80%. 90%H 100%JC/K ZBEH 40 R 1 h;
SRS E TS TR, W T RS
OB SR AR R FH 49 4 H8 -+ & 74 5% (Scanning  Electron
Microscope, SEM)(Nova Nano SEM 450, FEI ZAH],
X ENHAT T
1.6.2 K JFmK A % KK FER T 50 ml 5.0
R, BERE 24 h BURE 1k, FERER 16:00 Bl 7K
H L WP KOKAESEA T IORE GBS 1 RBRAM), TRIEC/KSS
Jea, FRBORE 1 (BRI H#EKOKHE), NHy-N. NO,-N
i 7 153 ML (SEAL AutoAnalyzer 3, f#[F SEAL
oA FEATINR . A SR AR RS TR R, Y
NH;-N A9 £ B3R5 5] 65%Lh Fif, BITAE H: R,
BoEiztr 7 d JFEIFRSEES, NHa-N LBRRIFHE A
mr .
n(%) = (Cy — C,)/Cyx100%

K, n B NHi-N M EBRE, C hAEYEdT
7K NHy-N ¥ B (mg/L) , Co A= ik e v i 7K NHA-N
W (mg/L).

2 #R

2.1 ERREHEERIESH

SEM FAE 25 S 66 BV I /s i 2 2k 3% 1 O 245
AP FL B AN ST AR T A RRAE o RS I 1) 24 406 2 4k LB
BN, REHER(E 2A), HEE BRIk T
Fe WA, fLBRZSME R, Hd, 3T RCE I
(& 2B), PPC HERIRIINAWAEYIME (K 2C). M
K2 nTRAE B, AR PPC HURL S5 # B b 2 1w AR
P T A= Wy B0 2 AR B

22 EREMRELEEBSETANX
2.2.1 R A BRIE AT 7 R AT AL B BR800 Fom 1
RGBT, 24 h RALERLL S 12 h A OB
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a2 %

FHZAXT NHy-N (1 2BRRITE 90%LA L, 6 h 13 h[i]
BRI AL FEZ T NHy-N () 22 B R AT AR (A 3A),

B s AT ) ZE K, NH-N 25 B84 8 W AT 0
B ALY NO-N &% TG FRRA
BT RCE M EPE(E 3B), fEEfrid 9, 12 h R ek
SAFHFE NO-N Fin & m AL, &IKERN

HEATEAYTR
Sponge iron group before hanging film

& 2

HERERY%
Sponge iron group after hanging film

0.1 mg/L, i LATLIFH, 12 h [HEBRSE R G EL
BT

2.2.2 R HH b 2 b 22 AR 6 R R4z
ATINA], EDREC A 10 0 X FRZH NHG-N 1 = BR R i
R 4A), HAbAbFEZH S PPC R L BT, NHE-N
EERRME RS, ERIACLE 3 ¢ 1 AL )

" % )

H RS PPCHHR R /K SRR
PPC gel hydrophilic packing group after hanging film

TFARER IR X PPC BRI 36 /KR SEM FRAE

Fig.2 SEM diagram of sponge iron filler and PPC gel hydrophilic filler (2 pm)
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Fig.3 NH;-N removal rate and concentration of NO3-N under different intermittent aeration time
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B NH,-N PR, A58 T 94%, SERIECEE 3 ¢ 1
ALFRZA X NO,-N R 2T HA A AL PRZH (5] 4B).

23 ERETESHEREIR

231 BE M SA ATLLF H, 20°C il 40°C Ab#E
X NHZ-N BRI, HWACT 30°CAb 4, 7E
30C M, BARUR BT, NHa-N & bR f5 i n] ik
92%. 30 CALFEZ ) NO-N L EIKFHAL, NO;-N
1) AR ERAE 0.2 mg/L LA T, Hody 2 MH I NO>-N
BT E R TR, (HRAK R, RmlEdy
FEIT 0.5 mg/L., BFFE M, 30°C 4b 320 it i &= M e B
(1 5B).

232 KA HHmE Aoz frimE, HLR N
1.2 m*/(m?- d)ZbFEZH A NH;-N 25 B R0 A s T Hift 44
AEERZH (] 6A). H NOL-N FLREAK, HAKE N 0.1 mg/L
(K 6B).,

233 HRER A A MK 7A "LVE Y, #EK
NH.-N ¥4 1 mg/L 40340 i NH4-N £ R 5 T H

A {5 FF Temperature
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&l 5
Fig.5
A
°\ol()O-
Z
]
B
&{_,580-
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w5
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S - 0.6 m¥/(m*d)
o~ O —w— & v > 0 QN — o~
AN AN n © O O © O O —~ —~ —~ -
AR R EEEEEEE
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HUkE H #8 Sampling date

&l 6
Fig.6

A2 MMEBRAL, B (EN 97%, HEBEARMBERE.
3AAEL A NO-N 7E/T 3 d AR RIS, MifF 2%
FEAL A2 ThoE s, b, #K NHe-N kB
H 4 mg/L AbBRAT ) NO-N ¥k FEM 0.6 mg/L [ %
0.4 mg/L; #7K NH;-N ¥R 2 mg/L i NO,-N ¥ &
AEFEZH AN 0.5 mg/L AR 0.4 mg/L; #F/K NH;-N ¥
A 1 mg/L AbFRA ,NO>-N FH 24K, F2 2 7E 0.1 mg/L
A (K 7B),

3 iTig
31 ERAEMRILEBREITAR

3.1 R F) ) BRiE 47 Ko AL 2R R 69 # ok WF
FEFRW], 12 h [ BRI AL PR A NH;-N LR E T
24 h LRSS AL IR, B E (200905 LB, [H]
B SR Ak R 48 SR AL AN R (A OB) AT A3 i 2
P2 R R BV aop) 3 I 1 1 O 2 3 S SR RICR L BT LA,
Ii1] BB AL R GEAE BT NHG-N RBRECR & 3530
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NH;-N removal rate and concentration of NO>-N at different temperature
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NH;-N removal rate and concentration of NO>-N under different hydraulic loading rate
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Fig.7 NH;-N removal rate and concentration of NO,-N under different inlet NH}-N loading

LRI ARG, 65 Ay RIS, s
HEBER ARG, XEAMRERM—3. H 24 h %
SRR ACHIZH X NHL-N B EBRFRAHE ST 6 h A
3 h ] BREES AL PR (] 3), H B G 00 5 LR AT g
2 PR T ) R A1) (R B 0, Jg SR B B R B S A 05 1)
TR BN S, WSV E I T AR 4, o T E R Sh
SRS R Al TR 3 R T 8 R R A SR A 4 T A A KR
I, HAFFEEALHE M Fe b JFEERK, AHF ik
17 Fe-N #84 o SCHEM 12 h 6] 8RB Ak 20 58 A F) T
NHy-N ZBEFANE> NOy-N L
3.1.2 R B HUB AT b RF AL 2 R 69 ¥R SR 2k
R, PPC HURFHLGIER S, NH-N RBRREE,
Ml fE Lt FAIE EE R, PPC ORI BEM & 1 4= 9
B m TR (R 2), JEORHEC IE 3+ 1 ARSI A
YIBCR E T HA 2 AL FRZH, AR NHE-N £
BT . PPC BECE/KIURME N B & B0, BATR R
B4 0 B AR T, A3 i A 4 BB ) TR s, R IR B
TR 20 R A ok s R PR S T, B Sy LR R AR ZE
KAEGE, MR, PPC HUB &8 & T 3 MK,
LA P T AR R, (H NHy-N A9 R BR i
ik, NO2-N [ B i fi iy, A B LI PR X HE A A
WL IR, s A R AR E LR S S,
MELUE ), Fe-N fE38, K Fe XF N (¥ A77E 0 ik
FIPEHEE R . ZERGEETT/a 1, 4 141 NHy-N 192565
FARFE , 1EX JRZH v i S W (&1 4A), HEDN AT e 2
AT R A B [ R 28 17, I Bk R A 5 B
IS, BV Bk S b ) 7 5 70 1 2 K 3R TP WL
AU,V 2 2k 5 K AR 1 S PR s T AR A /N [
WAL T MUAE e Ak Lt G 2, T
NH;-N 12 Fk .

WAN, FESLRRERET, 4RSS PPC DR RNE4R

BRIVTL A, W o 4 ¢ 1 B, T4k E o HL iR
/N, ARMERE PPC HURHRIRG ARkt LLBNR G 195), 4ksk
PR HBIR L T HE SR E . 25 LA, PPC
BURL S4B RL LN 3 ¢ 1 SRR A SEURBC

EEETSHBARERE

321 BEWHHH T B R 5 ) 3R 8 A W R A
YK R A RS EEAE RN R 2 —, R
i BT IR S i A MRS 1, SRR S AL T RE
FE—E I R P, BEE IR TS, AR Y mEG
I, A4 ORI R (TR AT, 2018), A MR ERM,
1E 10°C~25°CH, AEYuESsxt NHL-N A9 BRREE1R
() TR, 25°C~30°C EBRSCRAER I /24T,
TE 30°CHY, EBRECEITI TR EAMRH, 30Cht
FRZA B NH,-N ZBRECR 20 5 T 20°C Fl 40°C b3
4, WiEM TX—g5e (& 5A), AR ENH, 201CL
FRZHIK) NO-N FHER Y 40°CAMd T, (HYET
30°CARHEAI(E 5B), MR T 30°CH, 2% bl
B K R T NO-N S L R E0F, 2018), FF
DL, 40°C kb FR 4 PN 2 E Ak 40 0 AR K R B i T
NO>-N AL, $3 40 CLd, FEdnmn
KR R T NO-N E AL, B 5 B NO,-N L&,
20°C AbFRZ ) NO,-N LR &5 T 30° C AL A s [,
Al R S PR Ay S Ak 2 R I L 1 T A7 3 R T
NO,-N EALH, 7E 20C4/F T, NOy-N & bz 3]
MR, #AR T NO-N FUER., MERA
LRRBEJIRE, fE 30°CHKMAT, Ru4npeRIMHE
R PERE

3.2.2 KA G AR HLR)# R K J7 4 e AR
SRR SN R RE M B S T — ., K g
1 KRBT U) ) KA B G & o 28 R W i AR 28 3R

3.2
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BEMAEY L, B E AT LUK AL AN oh R G, TE
BRI B, K s, KR A B E) DO SRR
ARG AAIREE , BRSO N 2 B ESOR 5 K i fii s
G BRCREINF R G D E Y =, EYh
T YRy B B AR A A i S S BRARL TS, il AR P
TR AR R RS, AR P A 3 v (i AR
4502012; Rlifbsm4, 2018), FrlL, #iE RS EM R K
Fi e R AE S PR A e R LK
RGBT, 2.4 m®/(m?-d)4L 1 NH;-N L%
EF 1.2 m /(A (E 6), nTRESR T RN % R
PRI L B 188 =, 3 st 14 8 K g 674 Al LAAT SR O
FRRBUE , S SR A 4 TR P A o BBt o g R TC K i)
15, AR P BB B R U AR A 2 T AT, XA
PEWIEBR . 4 HLR BN, G491 5 KW it
[, K S 3] 1N, NHG-N L BRRSE 4
Tk, 2.4 F 1.2 m*/(m* d)ab BRAH B 25 FAERE T X — 4%
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Condition Optimization of Aquaculture Seawater Treated by Biological
Aerated Filter with Biological Sponge Iron Composite Filler

WEI Chenzheng'?, GAO Yifei'”, REN Jilong'?, MA Hongjing'?,
WU Yinghai®, HAN Rui'?”, LIU Ying'?

(1. Key Laboratory of Environment Controlled Aquaculture (KLECA), Ministry of Education, Dalian 116023;
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Abstract To improve the removal efficiency of nitrogen pollutants by the biological aerated filter
(BAF) system in a recirculating aquaculture system (RAS) and reduce the accumulation of nitrates and the
amount of aeration, a type of iron-based composite biological filler was introduced into the BAF system.
The environment of aerobic, anoxic, and anaerobic cycling, in turn, was built with intermittent aeration in
this BAF system. The surface morphology characteristics of the fillers were investigated using a scanning
electron microscope. The treatment performance of nitrogen pollutants under different proportions of the
two substances in the composite filler and different aeration operation modes were investigated. Then,
single-factor tests were used to optimize the important operating parameters (including temperature,
hydraulic loading rate, and influent ammonia nitrogen load) of the BAF with the iron-based composite
biological filler. The results showed that the denitrification efficiency improved by approximately 10%,
the accumulation of nitrous nitrogen was reduced by 25%, and 50% of the amount of aeration was saved
after adding iron-based packing in the BAF system.The BAF system with the iron-based composite
biological filler exhibited the best removal performance under the following operating conditions:
Intermittent aeration time of 12 h, composite proportion of the polypropylene carbonate gel hydrophilic
filler and sponge iron in the composite filler of 3 : 1, the temperature of 30°C, hydraulic loading rate of
1.2 m*/(m*-d), and the influent ammonia nitrogen load of 1 mg/L. The introduction of the biological
sponge iron composite filler and intermittent aeration could improve the removal efficiency of nitrogen
pollutants in the BAF system. It significantly reduced the accumulation of nitrite nitrogen and reduced the
power consumption of the operation. The results of this study will be useful in understanding how aerobic
and anaerobic environments promote nitrogen transformation. This study also optimized the operating
parameters for the actual application of the BAF system with the iron-based composite biological filler in
RAS.

Key words Biological aerated filter; Aquaculture water treatment; Filler; Denitrification; Nitrogen
accumulation
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