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Z DOY, JREEN pH!'M | B A H (C/N) K 45 BRI ] (HRT)! S 8BS 2 iz 17 S 80 52 I
Hrp, ONEXEZMEEZ —, TEAREE SEE N, o & s LA 2 05K SND A £k Fil
Bl £ ) SF- A 1490 WK SR B K C/N VAR, 38 R T B D R A LA U5 R T A2 R R A A 1 oK
B, . CTRENSE KIS ML 2% e FVE RS AL I S s I 0075 SR, JFHE4% o o 9 G o 94
BEHERME, IAMNEIRBREBITER, BFSHER R R, REp!™ £, RE
Vs T K AE AT A= W 8 ik 1) R AR BN T ISR B W 7 26 0 B A1 BV T R A8 B Tk mT s 1k /N 43 F A L
Yo PRI, 3 sl v M i [ S A ALY AT DL AR S5 3% RO Ak 0 G2 et IR, R I A1 o e T O 4 1 ¥
. SRIBEYWORE . 2. BES ML, ATERESY RO W . BEHEN5 R
A VE R B A i I8 LA A RCR M RS . W YA ML (DOC) A ) sk B4 /0 | K A £ g AR
fE/NEE Y, B H 2532 B [ N AN IE & 1 OGTE . AR, SND I REBEUANTHRES
VIR Jy 2 W R A A B S I s R AT, DA S BRGHIR C/N I35 827K (BTG /K . IROKFRFEIE K . B IR
45) 1 NH;-N. NO, -N #l TN [ [R] i & Br-222, Bk, F A T A R A 9000 4= ) 5 SND Xt ifg K
FEFH K PR B R BRERRMEAT T, B, HETH XU R IE R .

AW SRV HOHIR )2 1 35 5 T W /IR R AL R ) (PHBV)P ARy N 1A BUR A W 18 A e U 1Y)
&, BRFELETHAIEEYIEN T A NRRBECE N ; RIGHWE T B A YR N 4%, ELL
217 90d, B T 5T PHBV [ SND XJ i 7K #8258 J& 7K i NH;-N. NO, -N Fll TN iy 2 FrbEfg, LA
R IK IR R K i RO LR R R SRR
1 #MRl5E%

1.1 JE4E1ERA T PHBV BHL R R K SLis

FREL 5.0 g [RIAEHE PHBV Pk CF¥KE 3.5 mm, “FH#0H B4 3.0 mm, HFEHE 14.1 cm? g™,
womE] 250 mL HEENE T, SRIE A 250 mL S K, AR 2 min f5, BEHHEIRI, IHHAE
R P E R 9 /E PHBV PRIZ 1, 2. 4. 6. 8, 10, 12, 24, 36, 48, 60, 72h )5 R4
SmL KAE, Wb DOC [ ik B 5 KFE RS E , 7 B ) T i b i A &< 2 min, 4k40%
FHERER IR APRILRE 4 L84, 500l

F1 HORZWEt
T 28R 5 W R eI pH X &

Table 1 Design of batch experiments

FEAYE R PHBV A HLBR BERL A2 M, ALK

- o . o A RGEIE/(rmint) REC FRE % HntfipH
SCE A 1 PR o R AR BR A1 NaOH 18 73 : oo - - "
WIHA pH; R FH 32%0%h FF 19 N\ 1 /K Fl2< 8 7 . ’O o @
KA IVE R SE 88 K, K P AR R EE 1:1 1R . . ‘g N @
BRI R ER A 16% M 250 K o R T ke ik S '

v 0 22 0 5.0, 6.0, 7.0, 8.0

A% PHBV A AL BE R RE 0, DL _E S5 H
K TSI 3 2 e 44 25 R B AR B
1.2 RIZHEERELEYERNSAR
A5 R F 1o 3 B S AL A W R S L A (18T 1) BSOS e 3 R Rk ) i A %8 PAD =K1 A A4
(WA 10 cm, 755 140 em), 76 I 3 78 HE 5 0 20 om 40 3% B R FEH, MBI TR L. 1 RFEAR T
BEEBEAREE s MEE i oK OO, 0S5 THE RS R EE . AR ATk
[B #1: ) PHBV Uk A1 B K7 (4% 3~5 mm, ERMIF 3.9~4.5m> g™, fLBRH 47%~55%, FWM%E 1.4~
1.6 grem ™) VE M IRE, BB E IR A A GEMARBIEL R 3:1) J5 in A SERHEE , SE0RLZ &5 B4 100 em;
MIFCRHZ RS, 7E S 70 A 0 BE 1 B3 B 20 em 12 & 1 /N HORE . JEDRH)Z DL A A5 B2l 20 em,
U0 B R T i 43 0 35 K L RTHER T
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1.3 ELHEURBEEEERNFZHEIT

D) WA I E 5. TR O A Y
JA SRR, BRIk E 5 T L] & AR
Tl B A SR PR B A g
Yy . K SR AR P 54 RN T S K Ab ) ) :
TS VIR G WAE A o 1) KR K H i R Sl
NH,Cl. KNO;. KH,PO,. NaHCO,. CH,COONa - PHBY |
5 G Al AL 2 24 5 T B 9 W (50 mg-L ! NH,- = B B
N. 50mg-L 'NO; -N. 10mg-L'PO,*-P. 150mg-L"’ '
NaHCO;. C/N 1.0). K Flie 5 55 97 W24 1R & P s
JF A FHER ST 58 (SBR), MRS IR RR|| | mu

A

— '
23 gL SBRIZATHMIN 24 h(#/K 0.5h, e -
SE4AIRA 21 h, UUIE2.0h, HEK 0.5h); 5E4 s WU
VB 1A 1G] 3 45 ) /= L= e
S P AE 1~2 mg-L -, AR 2 B ST Fig. 1 Schematic diagram of the SND biofilm reactor
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11 3de TERZRNIEIRBY B, WK FRFH IR K DL /IN it ol 7 S5 78 A AN % /Kt 2[RI 28 (GEREZ HRT 2
12 h), HELEBER (UK 4~5), KR RK 1R, BHE TN LRI 60%. L8 1T
BB, SR EFRE LK, MoK HHEEHER, ELLBRAR (KA 4~5); M TN LR
60% &, & FEAREELZ HRT(12. 8. 6. 4h), HREHZ HRT S 4 hBF, 4 TN LR & T 60% 5,
J N ER FERS S B 58 B . FAERERR S Zh ), O s PR LB AR AE 23~25 °C,

3) N RSB AT o M T AL K IR 508 K AVE R HE 7K (32%0 %R FE), A W RS ) I 2% 7% 2238
f790d, HRZE HRT #HI7E 2 h, BN 21~23 °C, KK FEFEHITE 4~5, 45 K Wil g 1 /K 7 NH,-N
NO,-N. NO,-N. TN, DOC. pH. DO &5/KFifebr; RN s rkffRasE, MM L& R
FRAEIKHFE, 43 BT 45 /K T8 bR TR L Te A v B2 I AR (L LR
1.4 DG E

IKFERETG , J3 0 R K B BE o 5 4% =00 i 0 o A (WTW, 78 [E]) 155 5% =5 pH i}
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(4) HEAT 5 o 38 2 PR R 3R Ty 2 43 A T S 0 B 2 IRDR A AR B A 2R
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Q)
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PEAR X P AR B ok, AR e H R T ARAEWA/E AR PHBV A HLER B RO A, B2/ T
ARG . IR A pH Z5 2 F R /KA DOC Jfi ik B2 i PHBV 3= i i 8] (19 28 4k .
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Fig. 2 Variations of DOC mass concentration with time under various experimental conditions
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A HURR B 0t A A AR W O R B O R o R SO W o s 1 AT B (T ) E T
PHBV R &8 &4 K, WHUKEE/ N> FAEIY (LLTRIE TR A E, SHDENRARE TR,
T FAE S A 4 B V5 R Iz i £ H, - (L A48 200
2.2 SND EYIER MR AMR

1) B g B K RS R B 0 A8 4k o &1 3 AR B I 1 A% a2 41 W 1] 7K NH,-N. NO;-N., NO, -N
TN F it Wk B s AT [ f9 28 fk . IR 3(a) AT UL, 1~5d P9, 7K NH-N BT i B2 i 7 T R, 2
BRAEH 51.1% B E I3 75.9% . 33X 02 B R Sy a8 HE RSG5 HCET 1 HRT 24 4 h, 1 3% 2kia 17 55 3 B B
() HRT 4 %2 2 2 h, AE W0 BS 09 1% i Ak B8 75 22 324 0 35 7 i HIRT 46 06 5 | 1) B I 4 N A B A8 4k
6~30d N, Hi7K NH,-N 5 9 B 7E 2.05~5.08 mg-L™' N/NIEBR 3, EBREN 77.5%~92.3%. 31~90 d
W, SO A 7K NH-N BT & ik B AR FR AR, PR 5BR BN (91.8+1.3)%., RN aiafT30d f5, fifk
PEREIA BNEESS, ASfLERA 0.11 g(L-d) s

W # 3(b) FE 3(d) fras, K NO; -N Al TN Bt &2 W A8 A6 R Bom) LUk 4 BB, 78 1~6 d,
K NO,-N it 5 4R i 22 5 A8 1 3 (P>0.05), H H /K TN J5i 2 % B BH S8 1K T 2E /K FL AR R AR G R
X W1Z W Be N A= ) B g i B A — 8 W [l B AL s s AR B 7, T B NO, -N A9 A= il 5 25 B ik B A0
XPoP-Af . 7E 7~12.d, 7K NO, -N Al TN Jit o ik BE Pl fe (I . X R WIBEE s 1T I [ A 2B, AR I
N 5 ) RS A AR B 5, NO, -N i BBl T4 it . 7 13~46d, 7K NO, -N F1 TN it
HEUR O I AE 5.77~11.83 mg-L ™' F1 8.03~15.96 mg-L™" ¢ 5 ; 7 47~90d, Hi7K NO, -N FI TN Jifi 1 ¥ &
PR E, SRR N (85.443.4)% 1 (87.5£2.2)% ., =W I W #1547 46 d 5, KRS ALPE
REIAFRRAS, AL RN 020 g(L-d) ' B 3(c) KBH, TEREAN LW &2 17 W, K
NO, -N i i W IR 4K F 1.00 mg-L™', “F¥{E K (0.56+£0.27) mg-L™", W& F 7K NO,-N Jii i ik &
((0.2120.10) mg-L™"), FBI N5 b & A T 155 1 A R 46 SR o S R s Ak A B e A S i AL #8 m LA
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Fig. 3 Variations of nitrogen mass concentrations in the effluent as a function of operation time
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O AEIREL o SR, DAMEMF SRR A R N 25, MRS B IR E A, Soe
R ALEE, 1 H NO, -N 2 R Ak B A = R i 32 ARl I, RO #% 9 NO, -N [ 155
TR ] B H 0 AR S A 1 Y .

2) i g 117K DOC, DO it vk B & pH B84k . B &l 4(a) FTLLVE h, FER NV Az 17 A,
7K DOC Jii 5 ¥ B Ui 28 v Ttk /K o /Kb DOC 5 & i 3 5o A 9 oA 0 4 FHE R PHBYV 198 ALl B ik
b R DL K S 7 SR AR SR A MBI AR AR S W e o UL, AN s AT I A LB R OH 3 T R
R, 1~16d N, H/K DOC it i 6.70 mg- L™ Pk 71 i &= 42.94 mg-L ', 2 BIZ By BEA HLOK I
FEH R 5 BEHGHE 10 22 BE B W 15 K. X2 R RS 17 00 A W i oK o8 A i, S 9% A AR Mk R A
55 (K1 3(b)), 1M H PHBV 4544 rf A o3 fif i DX v R R 5 ok o 17~46 d 19, 17K DOC Ji i vk B 3%
W RER] 13.59 mg L', RUNZH BoA HUAK IH FE 3 50 5 B HUR 1Y 22 BB i/ . HRBEAET, &%
W B AR W P2 W I, S AR I A R RE B W R 5 (181 3(b)), T EL PHBYV £ 44 v 50X 70 fife 1) DX el 328
Wik d% . 47~90d N, 7K DOC Jit & i Bk 2 A X A e RS ((10.03+2.21) mg L"), R A HLERIEFE
HOR 5 B R 2 PR IR B AS . R A R R, SND AR N IR EIREE, AR
1.00 g TN T[] H K B2 0.15 g DOC. 75 Z{E A9 &, Al LLX) SND A= 9 158 s 1 #4% o A AILRs B ke A
THAE T R 1 L W 1 21T 240 (HRT . KAy . IR . BEACRAE) B ar LU m oK hA Ly iy
B, HIL, 2173506 SND Az i g i K oo HLY 5R B A s B (E AR 0 — 2R R Y

WE 4b) fron, FER N ARiafF i, ok pH 2 EE 7 LT #a s, 1K pH Az 9 B8 5 2%
PR N R R E o AR SN TE RS, AT DAREMROK AR pH; CZE /R TR PHBV B SR B9 A
ML AL & ZFG HLERDY, AT LIS KRR B2 5 S 5% ROms A S 7= AL B B8, AT DAS i KA pH. [
N g B AT W K pH IR T k7K pH, X2 KA s 17 9 AR W R ) 52 97 I il Ak e e i 25, S80I 7
FE IR 7 AR TR B = it . B IS AT B, AR PR S 5 B i Ak PR AR R W PR T, R AT Y e
JE e WG, 15 K pH 5K pH B i . fE RN A s 1T /E W, oK pH & & F koK
pH, RUIHFTHNBE " &C @ TIRE & . WK 4(c) i, FERN Az rWimE, 1ok
[T DO JFi 5 ¢ B (1.87£0.60) mg-L™" B B AKX F ¥E /K [0 DO i & 3 B (5.17£0.34) mg-L™', 3% & iy 48 7o b
P A SN L S I A5 AR S Rl R o 45 B IR 3(b) RIEL 4(c) AT LA T, RV K IR G 247
FER 5 T f W BE 1Y) DO, I3 AT 19 Bl Ak Mk R O R 32 20 B b Al o JHG D DR A 1 S i A T A6 T A g s
WIZE, SN2 S B E R FE T A EYIER DO, AW EM S IL Rl T B3R5, RIE
T A R B A AT
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Fig. 4 Variations of DOC mass concentration, pH, and DO mass concentration as a function of operation time
2.3 SND A¥IfE KR N2+ R .DOC. DO F1 pH HI;BFET L
NH;-N, NO;-N, NO,-N, TN, DOC. DO Ji7 & ¥ Ji& & pH B 5 75 FE & B2 i 22 fb AL A dn el 5 57
o K S FTRLAE H, 78 0~20 cm P, NH,-N 5t i 9 B PR AR, 20 om 2 Y R R E 435 3
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82.1%. X WIHA R W F 2R AR IZBAARN, FENO, -N T it ¥k B i (24.70+3.11) mg- L™ L F
F] (29.87£2.59) mg-L™' SR, £ 0~20 cm P TN Jf B 5 B FRAIK, 20 em AR 5BRF N 32.5%, #
B E % B R AR A 7T DR 2R R AR ME T . 7E 20~100 em P, NH,-N 575 ik B {5 3 A A a2, NO, -N
TN Jo v B R R A o X 3 PR FE IR B AR PR P 2647 00 F2 B2 RO AR RO, A AR s I AT DL 2% . Fh
1§ = W S = o S S o8 o o I S 7 N e B = o S b v & L ST DS 4 B s N
A A DIBEIX 5 SND it B2 & AE FEAE AR 0~20 em P, LA 10 RN B2 il A6 38026 43 51 24 0.48 g+(L-d)™' 1 0.39
g (L-d)™'; 7E 20~100 cm N A4 S ALH 2 8 0.16 g-(L-d) . DO Ji 5 e J Bl 15 70 4 & 1 i 28 4k (18] 5(b))
WEIUE T 3X —pi, 7E 0~20 e PR FEAR, 17 )5 06 A7 BRI . 7K MR b NO,-N T o ik 3 52 L 1 i
J5 TR B (B 5(a)), TE 60 cm b5 FUEAE (0.98 mg-L ™). Hi 75 BT & ik B DO AT LA il i Al o 72
H1NO, -N (R P, i HE AF 20 om #E R P9 R 6 A5 R AT L2 W, Ik, SSEAE N NO, -N £ 2
K [ AR RS ALVE R, X EIE TR X T NO, =N S R E (18] 3(c)) T R A HE

WE 5(c) i, KiEH DOC i i B 75 0~80 cm N IZ Wi T, 7F 80~100 cm N BS A T ., iX
& B AR W BEE DN B 0 e L) 5 A T FE R PHBY B R A ML, 5% B8 104G HLAR v] LY 8otk A K
& I8 B DOC. 7 0~40 cm N, 7K {& pH & ¥ B¢ AL (& 5(d)), 3R B 7 % B A 4 il Ak s g
PHBV A HLAR B BT 2 7= A 0 R B 8 i T SO A 2 B2 7= A2 A RE 5 7F 40~100 em [N, 7K 44 pH i
Fhim, X2 BB AR AR AR AT DL 200, RO ARAE G, B0 B 7 N TR 7 6
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Performance of simultaneous nitrification and denitrification reactor based on
solid-phase carbon source on nitrogen removal from mariculture wastewater
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Abstract Batch experiments were conducted to investigate the organic carbon release of poly-3-
hydroxybutyrate-co-hyroxyvelate (PHBV) under abiotic condition. A biofilm reactor packed with PHBV
granules and ceramsite was established and operated for 90 d to determine its performance on nitrogen removal
from mariculture wastewater. Batch experiment results indicate that the negligible release of organic carbon
from PHBV to water occurred under abiotic condition. Simultaneous nitrification and denitrification could be
achieved in the biofilm reactor utilizing PHBV as solid-phase carbon source. When the biofilm reactor reached
steady-state operation status (HRT = 2 h), the removal efficiencies of ammonia and total nitrogen were
(91.8£1.3)% and (87.5+2.2)%, respectively, together with the nitrification rate of 0.11 g-(L-d)'and the
denitrification rate of 0.20 g-(L-d)™". The packed-bed reactor could be divided into two distinct sections, namely,
the section of 0~20 cm for simultaneous nitrification and denitrification and the section of 20~100 cm for
denitrification. Slight nitrite accumulation in the packed-bed reactor could be attributed to the short-cut
denitrification. Therefore, the achievements of this study could provide a technical support for the green
development of mariculture.

Keywords  solid-phase carbon source; poly-3-hydroxybutyrate-co-hyroxyvelate (PHBV); simultaneous

nitrification and denitrification; biofilm reactor; mariculture wastewater
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