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B8 0 IR K IF 78 R 7K R F IR X 4, 43 5% B A 6] DOC/DIN £ B ( Dissolved Organic Carbon, DOC ; Dissolved
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C/N =10 F1 C/N =15 FJRBRECR (P <0.05) I HFEE C/N W T & M4 78 C/N Bl Fhm i 5544 T, b
FIOTR R B4R 22, RN 28 e TS AT C/N R 15 784K C/N(C/N =0 F1 5) 0L T, RN 25 AR FFE 5L
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DU Al 5 ) B on) & 5 37 A W) (total
heterotrophic bacteria, THB) AJE448 T I & A0
5. GOLDMAN %5/ % 3 C/N > 10 &4 i fb 2k
Py & A 7 R AR MBI R R AR AR
Yy ELEE OV R N PR K TR 2R GE K Ab BRE
ANfr] C/N S HK A BRACR 5200, H AR C 52 bR
P FABFFE AT 4108

PR A TG R K 2 G0 e I 3R A ) 21
BRI T —FhiE ezl BFT s , JF AR
H RS RAS A RE— K AL PR3 &, W] I XS BET
RN e B T 4 4 C /N YWREE K- (0.5 .10 A
15) BAKPFRE I 9 K (1 Tl 2 7E &
GeLE BRI 37 58 U B AL B AT R, BFT &
BiRasE v BT, B4 C/N KBy 7K 5 R A B AR
R, BT AR C/N KPR ol S Y B8 0 S 3
LERSEWATK) W58 T 84 C /N KR RYTs
IKALBRRCR , S HAE RAS ()3 — 2507 5% Fi v FH 2
2%,

U BRI

1.1 KRERS

AW R BE RN A B LA B, R 220 em,
WAE 100 em (& 1) o gl —4 98 100
em, 15 205 em {1 RREAR , TR AR SN g ISR 15
em K SN A% 53R SO X T IE X PR 43 7E IR
JOL A S B TLVE X B B e AR , U AR N 4 IS
B 300 £ . BFT S vtk /K 11 BEAE S X 15
200 cm Ak, 7K D ETLIE X & 190 em 4b, [ )
WTAERBR 1.4 m®, BFT S 25 T, RO [X.
FIVIVE X 2 WA — A HAR 45 em 12 BJE K A
F o R IXJEARBAT — A B K 250 em (49K
FLER AR, W 6 25 UR (R i it 10 L/min,
138 W, 25 ACO-008 , #fr VI 2k £k A7 FR 23 7)) 1% 4%
B, BN T AT R A S A — 1L
VEAAR 12 L P i IR A1 — N6 Sh 2 (L5
KCP3, R BRR G AR A FRA R, 35 i i 1
L/h, [ 5 X S AR A

RAS FRAHICH BRFRGERE 2SR A
TIRZE AR, 38 i DN9O SRG £ 04 1 H K
F R 1 000 cm, $& 100 cm, 5 45 cm,
bR IR AR 100 em B —A> HAZ N 80
em PIPPRBE AL, BT 10 DYORBRAA, 10 A4
PR E R 1 AR, BEF
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FEFE G — P 50 em, BE 100 cm, & 80 cm [
REF LTS RE 2 DGR ML PVC HE
1548 (DN90) , T2 tjrith 4 500 em, g 100
om, {5 45 cm, FEGH A FIGE vl A 3R L0 w5 AR
e Zevp oK 0 —aii A 1 &8 m 5%
L 7K 3 7 1) A S Y 3 O 4 (48 W, LS JVP-
402A W TLARARA FR AW , B 1k [ A OB T vE
HE,

1 ET BFT RERHERKFERL

Fig. 1 Recirculating aquaculture systems

based on biofloc reactor

LRV 2. 1] 3. Wi b 4. K E 5 5. R ; 6. S
;7. BIYEH s 8. FUeMR; 9. PLVEX; 10. K 5 11, g
Bs 12 kA5 130 BIZFRFEM; 14, B2ZBR M5 15, 2754
16. B IE; 17. HE5 0 18, 2 FRAIHE; 19, B
20. fEEE; 21 FIRGrhib; 22. JRIRAL; 23. BRUfA; 24. &%
BN KI5 1 KK T )

1. Sludge outlet; 2. Valve; 3. Flowmeter; 4. Water inlet; 5.
Reaction zone; 6. Aeration plate; 7. Sludge backing orifice; 8.
Sludge guiding plate; 9. Settling zone; 10. Observation port; 11.
Clapboard; 12. Water outlet; 13. Upper culture-zone; 14. Wire
mesh; 15. Sump tank; 16. Connection pipeline; 17. Sewage
pipeline; 18. Middle cultrue-zone; 19. Wave maker; 20. Heating
rod; 21. Bottom buffer tank; 22. Circulating pump; 23. Carbon

bucket; 24. Peristaltic pump ; Arrow direction for water flow

1.2 SRRt
L.2.1 FREEKAAE

2016 4F6 H8 HE 2016 46 H 14 H, N T
LSRR AR L SR BT K , [0] F7 SELAE A 22 oh
HWNBR & A KRR 2IRIE 23 em Ak, 5CH] BET )
T BEIR S, TPIA I — S NG PR AL, (i 57 SE Al
GLESU B IY OIVA B S s
1.2.2 AW i 57

2016 4F5 H 24 HE 2016 4F 6 H 14 H R
BET [ )i i A= ) 22 PR B UG SR 6 30 1) BET
SR gt SOV X R B 5 ORI 1.0 kg 28 [ 2Kk
12 /N A2 AL 7 af S & B R (OR 0 < 10% , H
HE=30% , KRN =4% , MK 53 < 13% 5 M
i H R R AR BRA ) o R LU 25 i
Jiik 24 h SR, B HINA— K 4w b,
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Vs A HL K ( dissolution organic carbon, DOC) .
TAN > 15, 2 [ X JE A 8500 22 BETTRE Ak
TR AP ZR A4, SN B I DX ER AR AE g B2 A (R A
FEEL (SVI30) = 10" mg/L, R 4 T 37 [ 1k
( mixed liquor suspended solid, MLSS)1 150 mg/L,
Ak 55 4 & ( chemical oxygen demand, COD ) 320
mg/L,
1.2.3 FEFHEH

2016 426 A 15 H, 50l i) L JZFRFEAE R A
B8 1 ( Anguilla marmorata ) 176 F& , %] Uf U 37 %%
i 48 kg/m’ A% (626.5 £120.4) g; F 2555
B 156 J2, ¥ i 3R % 48. 2 kg/m’, BiAK
(707.6 £172.5) g, b FJZFRFH M 4 R B8 —
B, BTIRFRAEIERH %07 2 IR 1. 13
kg 88 0 FCS IR OK 7 <10% , BLE H =48%
NI =4% K> <17% s f8 e AR PR
), BET S %% (1 15 kL 571 4f 4y 0. 49 kg/(m’ -
d) o B2 RATIFERIGHE R THES (50 L), FF ok
AT H HAR AR K
1.2.4 S99t

SCEGIS ] 2016 4F 6 J 16 H (32 L5 5H
1 R)ZE 2016 427 A 25 H, $TJF BFT i #fifk
JKERTT, VAT AR i 2 3 L/min, RS2 B 457K )
{524 Bt [a] ( Hydraulic Retention Time, HRT) Jy 12
b, [] B T 2 3 2R PN A B AR AR 2 N [XC £ s 5
LA R E 1 L/hg Wl Rz N 2%k 7K
TEHLA, B TAN MEAH 2 (NO, -N) FIAH & (NO; -
N) ZF, B H PL— 7K 7 %5 4 (A LA ot i 23 5K
35.07% )AE iR, & H 2 W, B 12 LR
H R KV ik S I A B U5 , I 38 48 055 8 52 1) BET
TN A S VS I U o 3 Aok VA Y — KR 2 W T
BRI A% C/N AR 0 (5 1 ~9 K) .5
(%10 ~18 K) 10(519 ~27 K) 15(%528 ~36
K EA C/N KPR IR 9 o 15 4]
[H] LA NaHCO, A% R G0 . 2 il Fe e I Sz IX.
AR MLSS 4 1 500 ~2 500 mg/L, H
PR T7 iR 24 MLSS #84d 1 500 mg/L, )\ BFT
S SO XA Y (L5 HQB-4500, #i VL AR 7% )
T e A ) 2R A T R SR N A (A 50 e, 1
70 cm) FRE 1 b R WBOR 127 oo, 3E 2500
Ve A 2R A
1.3 RENE

R 8:00 2 9:00 [APUKFE, FHEBE =4

7,82 R 1K, SS A (TN) A1 COD( 4% 3
T 1) EHERAEMET o KAESG AT B O
(4 000 g,8 min) ,Z8 Y8 (0. 45 wm) 3 98 )5 1 &
TAN NO, -N  NO; -N F1 PO;~ 7", [a] B 35 43 /K B
& DOC (#4'5 Multi N/C 2100 , 72 [ HR £ 43 Hr X
WIERIAF]) o W AR A (DO) AL IE
{3 ( oxidation-reduction potential, ORP) F1 pH B
{1 Multi 3430 222 $K 50l & 42 4 K 7:00 2R
LG E (PEE WTW A7) . MLSS R G
B ¥ & M E [E K (mixed liquor volatile
suspended solids, MLVSS) Fl 7K ££ )32 24 K — &
WE, ASEREIHEIEATHL 1 000 mLL S5 [X 2 A
MR, # 8 ITTE 30 min, I & 22K B (FV-
30), Lk FV-30 5 MLSS = Hif& SVI-30,
1.4 HESWELE

JH Origin 8 F11 Adobe Illustrator CS4 {EE , %%
>R 1 SPSS 19. 0 B4 ) B dha 4T B[R 3R 07 220
Hr(ANOVA) | >4 22 55 1 2 I P8 i Ducan 25 i
T2 E A, VL P <0.05 fE 225 B K-

2 RS0

2.1 BIT REZZBEHIEEM

BFT [ 0 i 14 R e M 0 A6 ) 22 1A 1 65 4
DUREIERER 56, BRI AT K 0 & BTG R,
R i 32 A7 3k B v DOUE X DT TE 5 1 AR P 22 4k
5 W A — 8 Ue K B4k, MK
I3 BRI, 43 85 8 A T IR A% IS, RN
Kl B3 . WK 2 s, 2 C/N =0 B, B
AESINRIE , F-44 SVI-30 =51 mg/L, ILET 4325 2%
LT RN IS HR ;s 24 C/N =5 B, P-4 SVI-30 =
132 mg/L, M 43 85 4 Ao T S by 2% ol , b i iR
P 24 C/N =10 B, S SVI30 =273
mg/ L, U 738§ 2 Ao T 85 S i #1160 em 4L,
EVE VR B 2 C/N = 15 1), o34 SVI-
30 =458 mg/L, i I /K 73 B L B g H /K F1 K 20
em Ab, BT IR B O ok, R 40 S A R PR 22
PRS- RBE 8 AT IE X 8 [l 3 3 SR A0 X, 250
KR K R i C/N FHE ) 20 19 5544 N isqT, 7E
WA NBAT5 3 Ka, ROV X TR 7K 73 85 4k i 5
K F KO 67 R, B 22 AR DA T E X
B R N S R IE AT SRR, S UL 2]
SVI-30 2255 3% (P <0.05) . FiE C/N By,
LK SVI-30 B TH iy, R W SR TRV RE D5
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g AR E P AL 2, BET [ nl iz 71y C/N
jﬂ 15,

5001 C/N=0 C/N=5
A SV1-30

400

300

200

SVI-30/ (mg/L)

100

il /d Time

B2 C/N7F1SVI30 ZEH%xE
Fig.2 The relationship between C/N and SVI-30

2.2 mAELWREFRTEDLEIRAZ D

(1) &l 3a WoR, BmakliA B T v g8 TN
)RR, &AL HLH Z [A] TN 1Y 5 BR 25 R i 3%
(P<0.05),FFkiz&E C/N W FFE, KBRR A& i
Frisr, C/N =15 B9 TN LERSCR seft, BBRFEH
46.6% +4.2% , 7K TN ¥k BE A, S (22.45 =
4.56) mg/L, (2) & 3b Fl c A] LIE Y, TEREAS
SIS SRR, C/N =0 F1 C/N =5 [, 9 420 B 2 ]
TAN FI NO, -N fJ LBRFEE R AT E (P >0.05),
Bl C/N [BEIN, RN #§ TAN F1 NO, -N ) 2:Bx
RPN F TG Y C/N =10 Fil C/N =15 [,
PIALFRZE ] TAN 1 NO, -N () ERRF2ZFA B EH
(P>0.05) {H#B B EMFC/N=0 f1 C/N =5 %
SEFRZ (P <0.05) . H LA HIFES C/N B3 m,
TAN F1 NO, -N 1y £ BR U] B 32 24, 72 C/N =
15 B BRI B eIk, KBRE 00 61.4% +
5.4% ,49.9% £4.6% ., (3) @& 3d o] %1, £ 4k
PR Z [A] NO; -N [ EBRACR E R B % (P <
0.05), X4 C/N=0Hf, hi#s B T NO; -N f
FIL K NO; -N WA KBRACR ;24 C/N =5 B,
X NOy-N L BR &R A B, LB FLH
4.83% +1.45% ;W% C/N [FF &, NOS -N [ 2=
G B W i, C/N = 15 B, NO; -N |9 B3k
RfedE, KBRE N 43.49% £2.8% ,
2.3 FEE LT R 52 BRI

WA 4 (a) Bz, 46 R 2800 I TR] A, SO
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HK PO~ AR B AR T b AR /. AT C/N
(0.5.10 F1 15)5&%@3’3 PO;” PR 2R
HB2(P<0.05), 49k -13.4% 5.8% 13.2%
F124.4% , FHWY C/N =0 [, PO, HIFF 230
G RN PO WA R BRACR, B B A LY
Thi, BRBSCR i e 2, BBy C/N A H T
BFT 2 7 B o
2.4 AEALITRMEER SS #5200

WK 4(b) firzs, &AL B[] SS (xR 2%
S (P <0.05) , Hrh s pgs C/N =0 1 SS i
TR BB, KB e, C/N =15 B L BRH i
ZEo RN#RHE#E C/N(0.5.10 F115) 1) F+, SS
HK TR R BE 4k (13,23 £6.58) ((17.05 =
2.18) .(66.37 +5.28) f1(119.96 +12.59) mg/
L; B0 H 83. 08% +4.61% 74.17% +
2.31% 51.16% +2.78% F129.34% +1.60% ;
SEHR B, BET J ¢ % SS AR A — 2 i b B AL
S TEAG C/N IFHL R SS AbPRACR .3 5 F iy C/
N,
2.5 A[E
BN

H &S A %0,1) DO F1 ORP {2 EA XX R,
BAL PR 2 18] DO Al ORP (£ F W% (P <
0.05) ,JfFtiE C/N By 7t , DO Fl ORP {H BRI,
[T TE X By DO F1 ORP 8 5 I T 5 i X 1
DO F1 ORP fH, f/IME 73 %l 4 - 87 mV 0. 07
mg/L, 2§ C/N=0 F15 B}, 5w i 0 X AT
JEIX ORP {E 1 DO {E AL T — A4 1K, S
Xt TN \NO; -N 1 PO, ™ 1 K BRECR A B sk
PRALEINGE ;24 C/N =10 Fi1 15 A, Bl 75 B & L 1
Fhi, RO A% AR DO 1)k B A1 ORP (L #f F
B, 7E C/N =15 B3R 3 e IK, 0B S g £ 14 21
X[ DO (1) 4 B F ORP {8 e /IME 20 51 0y 1,17
mg/L.77. 1 mV 3 YT3E X Ab FH A s R £k A, DO
A FEBRIES] 1.0 mg/L AR, b ORP {H Hy iE
{HYERE S 6 {E, TN NO; -N 1 PO, 1) SRR AR
2R T HA C/N K (P <0.05) , F3 L ER %
B EA Bk 51.03% 46.30% i1 27.05% , I il
FEREBEA S, 25 BT, R B # Y DO Al ORP {H
EARSE AR, V2R A9 TN NO; -N FI POy~ Bk
M ORP fH 2 A KL R, RS ORP {H ] fE
i BFT S b g I A AL E AR AL I 250

At 5 MR ORP {E#1 DO Z
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Fig.3 Effect of carbon nitrogen ratio on nitrogen pollutant in biofloc reactor
—m— K In —@—HK Out —Ah—EBE RR
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30rc/N-0 | c/N-5] C/N-10] C/N-L 2200000 | /N5 100
E 2 180 20 £
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25 2 % 160 MV‘“\ 80 3
~ [ ~
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g 3 £
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Fig.4 Effect of carbon nitrogen ratio on PO,™ and SS pollutant in biofloc reactor
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—a—JIHEX DO —a— KX ORP _ ~ V[X ORP
Settling zone DO React‘ion zone ORP —*=NO;-N DO Re)chtziEn zone ORP
——ZMIX D0 —4— YLREIX ORP —- N —— JUHEIX ORP
Reaction zone DO Settling zone ORP —a- PO Settling zone ORP
?'(5) C/N-0 | C/N-5 | C/N-10 | C/N-15 400 so O/N-0 | C/N-5 | C/N-10 | C/N-45 100
L T O[S 2
S 6.5 300 g A0[aat e
g0 '\/H 5 g0 300
~ 2 —
= 5.0 Wge 20 /_‘A“ 200 &
. = S 10 *\A-—‘l o
g 4.0 100 & E [ S =
3.5 E
% 30 e 2 ! et 100
2.5 ¥ -10
2.0 0 % 20 0
1.5 N
1.0 ~ | -30 |
0.5 \H_‘ 100 100
: 0 -40
0 3 6 912 15 18 21 24 27 30 33 36 39 42 0 3 6 91215 18 21 24 27 30 33 36 39 42
i E/d Time i H/d Time
B 5 ORP{&5 DO.TN.NO; -N 1 PO}~ EBRZRZ B X &R
Fig.5 The relationship between the ORP value and the removal rate of DO, TN, NO; -N and PO}~
2.6 HEEFFELR 153, BET [0 a5 AT LAAERE 2R G0 4 UK B4 brda

I LA BET [ 0 gt DAy PE — 7K Ak BEA% 0 1) 1
HIKFEIE R GEAT T 40 K11 68 i 55 5, 48 455

SEAFIAHBLNE | IR, FeI R SRR
ORI TN 819 g, 1R R

9 X

E o
FeR gk 48.1 kg/m3

SR UL K E A OF FLA TN ik 99.7% ST 22.8% HTRRRC1. 76,
®1 BN RFHREBMFEFL
Tab.1 The whole system final culture of eel
MR BTy AR g (ke 74 KRR/ % HEAR/ % TR AR
Initial average Final average (kg/m*) (kg/m?) S {7. | i Increasing Feed conversion
weight weight Initial density Final density Survivat rate weight rate rate
667.1+152.4  819.1 £202.1 48.1 58.63 22.8 99.7 1.76
3 30 BT, RGEAIFRE PE AR 22, SO AR R AR
7 -
BRAE L (C/N<S) 40T, 1 SVI30 [ {EAR 2
3.1 #HmEkS BFT R MERHITREN T 150 mg/L ARUE(E, JEI A P 7K 73 B 35CR 1]

BET S5 i 14 7 1 A A ) 28 FAT 1) 45 4 A
DUREPEREA Ko AR R P 2R 5 — E /Y
e, I T A= 2R AT A B SR T AT 4 T 4
A7 e 22 SRR R A6 A i T R A AR EG H
AZRIAR, 21 22 0K T i o o I, 28 AT 9 O I 1P
ET e ANELRERCREY A SIE S i L
AR P RE 3 238 i 2R PR PR BRLAR B (V) R 3k
71, 24 SVI T 150 mg/L i 38 5 Il o K2 T
UMK TSR — HUR A TR R AR S AR
TRVEIME" V5 YRR AK 12K B — 03 SRy 22 IR T s ik
FIARLZARTE K ' o AR SO 1o 35 2 107 2 Bk
FE 5109 0.5 .10 1 15 SRARZ SN e IR /K Ak Bt
AES), S e R B, B C/N Y TH i, 224K SVI-
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2, UIEX I E . 2 C/N =10,C/N =15
i, P-4 SVI-30 HYH L T 150 mg/L ARHESE,
fHAE C/N =10 i, b3 R HBLTE My, D6 A e it
SR g B RS 2 PR B4, IR LR PTG, ek
FEAR BRSBTS R ORE T Y
C/N =15 I, YU NE BE fie 22, H L S 07 4 X
TN NO; -N 1 PO~ 1y 5 BRCAR B, 4347 Al 40
15 C/N =15 i, W a b T IRE BB T, 782
B IE b 25 B A A T R G R AL 247 . BET
S0 g et A RRICR UL R ME RE 22 ) 255 PEA
R EEBALL
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Effect of carbon-nitrogen ratio-nitrogen ratio( C/N) on the water quality in
biofloc reactor

CHEN Wei', TAN Hongxin'** | LUO Guozhi'*”, SUN Dachuan'?’, LIU Wenchang'
(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 2. Key
Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306,

China; 3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University , Shanghai

201306 , China)

Abstract: Biofloc reactor was used as a key unit of RAS ( Recirculating Aquaculture System). The effects of
different C/N on the wastewater treatment of biofloc reactor were investigated, and four different gradients of
C/N ratio( DOC, Dissolved Organic Carbon; DIN, Dissolved Inorganic Nitrogen, C/N = 0, 5, 10 and 15)
were set. The experimental results showed that; when C/N = 0 ( without adding carbon source), the
efficiencies of nitrogen and phosphorus removal in the reactor were not obvious, and the accumulation of
NO, ~-N and PO; "~ appeared. The increase of C/N, the nitrogen and phosphorus removal efficiencies of the
reactor were increasing with the rising C/N. The removal efficiency was the best when C/N =15(P <0.05) ,
and the removal rate (RR) of TN, NO, -N and PO;” (RR) were 46. 6% , 43. 49% and 24. 4% ,
respectively. During the whole experiment, when C/N =0 and C/N =5, the removal efficiencies of SS, TAN
and NO, -N were significantly higher than that of C/N =10 and C/N =15(P <0.05). The stability of the
reactor gradually became poor with the increasing C/N, and the highest C/N of reactor could be 15. When
C/N was 5, the volume index of floc reactor (SVI-30) was sostenuto less than 150 mg/L, and floc expansion
did not appear. When 10<C/N<15, the stability of the reactor became worse, but it had no effect on the
efficiency of nitrogen and phosphorus removal in the reactor. The ORP and DO values were negatively related
to the C/N of the reactor, and they can be used as the parameters of the BFT reactor to optimize the process.
Overall, the BFT reactor had good water treatment efficiencies on SS, TAN and NO, -N under low C/N
conditions, when C/N was more than 10, it had a good water treatment performance on TN, NO; -N and
PO; ", with simultaneous nitrification and denitrification (SND) and phosphorus removal. For BFT reactor
used as a key device of RAS, this study can provide reference for further research and application.

Key words: C/N; water treatment; biofloc technology; recirculating aquaculture system; aquaculture
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