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The Effect of FNA on the Operation of Short — Cut
Denitrification and Phosphorus Removal System
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Abstract: The purpose of the experiment is to study the effect of different FNA mass concentra-
tions on the performance of short-range denitrifying phosphorus removal system. The method of
this experiment is to use the stable sequencing batch reactor to analyze the effects of different FNA
mass concentrations on nitrogen and phosphorus removal and available carbon source in the anae-
robic reaction zone,as well as the change of anaerobic phosphorus release rate and anaerobic phos-
phorus uptake rate. The results of the experiment showed that when the FNA mass concentration
was 1.46 x 10 ~° mg/L, the effects of denitrification and phosphorus removal of the system were
the best. When the FNA mass concentration was 2. 19 x 10 * mg/L, the system has almost no
phosphorus removal ,and the denitrification still occurred. With the increase of FNA mass concen-
tration, the PHB production and consumption increased firstly and then decreased. The results

showed that there was a linear relationship between anaerobic phosphorus released and anaerobic
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phosphorus absorbed in the system,which was not correlated with the concentration of FNA.

Key words : denitrifying phosphorus removal ; FNA ;inhibition ; removal rate
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Table 1 Composition of simulative domesticsewage

mg/L

p(COD) p(NH, -N)  p(TP)  p(fiETTH)

10 ~15 9~12 1

170 ~220

fl L E N p (FeCly) =1.50 g/L,
p(H,BO,) =15 g/L,p(CoCl,) =0.15 g/L,
p(CuSO,) =0.03 g/L,p(MnCl,) =0.06 g/L,
p (NaMoO, ) = 0. 06 g/L, p (ZnSO, ) =
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0.12 g/L,p( LM LTR) =10.00 g/L.
1.3 SmBEAZ®
WA HTIE K o3BT R 2 .
F2  FEOHHWE RME L E

Table 2 The essential analyzed items and methods

=] SR
pH iR RE PHS - 25pH i
NO; -N N - (1 -%5) - 22Ot
TP BRI
COD R DA AL i 12
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& B FHE T2 (PHB) BIMPENEE T
DO HQ40d {48 50 i 7m P 48R

2 iRgmsfrid

FIFHR B 4THY SBR I 4% , RSt
f7E 7K 30min, R4 2 h B4 2 h, ULIE
30 min HE7K 30 min (Y2 fTAL AR KIE T 3
AT, BEAOK BRI 1 R, 356 R 500 N
5 AN TBL, 45 00038 A 10 I i 1R A i YA
H T T RENPILE NO, — N Ji ik B 4
3 .

£3 KLUV NO, -N FEHkE

Table 3 Initial NO, — N mass concentration under

different operating conditions

T4 p(NO; =N)/( mg-L~")
I 8

if 14

Il 20

I\ 25

v 30

BATH4i847 30 d, 3t 150 d. X565
i FNA BTtk Bt oh

p(FNA) =p(NO, —-N)/K, x10pH, (1)

K, =exp[ -2 300/ (273 +1) ]. (2)
.o (FNA) SRyl 5 7 A i I 1 V46 J, mg/ L
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Table 4 FNA mass concentration under different

conditions

T p(FNA)/107*( mg - L")
0.58
1.02
1.46
1.82
2.19
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Fig.2 Variation of TP concentration during a typi-
cal cycle under different concentration FNA
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JREATE] 210 min B AL P52 440 LB 58 4
THFE, SO Ak B 0 2 #2452 1k, /7 #F DPAOs
ENBE X EHBRRB RGN, WEAT

TR B, TR A RGN
NO, - N ik EF } 20 mg/L,FNA Jfi & i
FER 1.46 x 10 = mg/L, F 4 i Bl 12 FH K
W AR B e RS, oKk rf TP Tt vk
H71.09 mg/L, ULEHFE L 554 T, FNA Kik
S T B, N 2 SR Ak bR e R
AHAER. S TR T I I, FNA J
wEH 0. 58 x 107 mg/L ¥ E
1.46 x 10 mg/L, JRERM M 6. 31 mg/L
B fin #® 20. 07 mg/L, B A R B E O
9.08 mg/LEfNF]29. 15 mg/L, 0] FNA Jfi
BT 1.46 x 10 ° mg/L B, REG R
R A IR W B2 AR 5 FNA i ik i 2
TEAHSE RS NO, - N i e 2 A1
B, B A2 RN 2, SR AR Bl S AN 78
gy, ET 2 BN —AN R DA R, T
BLIVH NO, - N Brar i B3 N2 25 mg/L,
FNA JFifafE Jy 1.82 x 10 mg/L, R4
BE W R B PR R 9. 34 mg/L M
14.14 mg/L, W 25 R G 7K TP T & ik
JEFHEZE 5. 41 mg/L, ZBRRILN 47.01% .
THLVE NO, - N Bk % 30 mg/L,
FENA JFRWE } 2. 19 x 10~ mg/L, M50
T RGILFA KA B A S H K rh
TP B E R 2 9.05 mg/L, 5RABEK
i TP R 10,21 mg/L KR FEERF. it
U5 435 SR P e R A Ak R 5 1 2R 52 FNA
J i Wk BE 5 B K. 4 FNA T fE vk N
1.46 x 10 ° mg/Li}, RFGE G SR E R
U (HC FNA o e B 4k 23 K BRiE R 48
TF6 Ak, 24 FNA R & 8 = N
2.19 x10 ~° mg/LI}, REGE LT A K ¥ 5 %
YEF, 240 ok i TP & vk 5 5 IR 8 0 Bh
K ) BT VA B TG Wl 3 25 5, IE AT FNA X R
W R g™ .
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Fig.3 Variation of NO, —N concentration in a typ-

ical cycle under different concentration FNA
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FE 2 210 min B, & 48 JLF &6 DU AS 2
NO, - N, ik AR 0.06 mg/L,
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&l 2 TP Joa i vk B2 A8 A AR X ik TP
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TP JFE R 43994 0. 08 mg/L 4.07 mg/L,
RYRREROR B NO, — N 5 it v 5 i 184
BN, RSN NO, - N LI 7320k 5 =X
# DPAOs A Z Al . T & I 1 R 4 19
NO, - NEFREIEMZE 18.75 mg/L, Hi/Kh
NO, - N B E N 1.22 mg/L, EFFik
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Fig.4 Variation of COD PHB concentration dur-
ing a typical cycle under different concen-

tration FNA
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X TA T I, R 48 FENA Jo7 it W i
0.58 x 10 ° mg/L T+ % 1.46 x 10 mg/L
I, £ 48 K 4 B 45 )R I COD 25 B & |
109.76 mg/L¥4 I & 150. 09 mg/L, £ %
Hi 64.45% M % 88.20% . T.4% A, FNA
TR E N 1. 46 x 10 mg/L, RAE B4R
thykH COD Jit & ¥k FE 4 20. 08 mg/L, LA
IRAEBT COD 1Y 25 B h I, k48 B i
A 1k 2 A R ik 5 H A S 3R R . F R
2 AR, I FR TR BR R R A X T
IV, V,FNA ik 1. 82 x 107 ~
2.19 x10 ° mg/L, R Bt COD 2B & i
FRAG, IR 48 H /K v coD i & ik i 43 il ok
26.11 mg/L 50.57 mg/L, ] i, FNA Jii &k
JER2.19 x 10 ~* mg/L I BRIEAR XS 1o 9 , 4%
A 2050, TP ot i Wk B G Wk 2 A8 Ak, 13
54 DPAOs JLT-3 2R 3 M il 4x i 4
TR E A Sl S B, MK OR AT DA e H A 5 % A=
Wy an s RS A 40 TR ORI BT DA Bt 4R
JK ) COD Joi 5 Vi i A R AR B A BT RAA1K.
Kl(4)b AR THEAHT, REN
PHB Jit i ¥k B2 (9 22 fb 1% 00, W1 & & i FNA
1) S5 E VA FEE X PHB 1A iS5 TH FESZ A K
ST FEV ] RN 25 RS, PHB Joi vk 6 Ak
B BYIHIKF-. 2 R G B FNA i ik B2
H10.58 x 10 mg/L #H1% 1.46 x10~° mg/L
i, R4 B PHB B9 & i 39. 03 mg/g I
T2 66. 03 mg/g, Bt B 1Y 4 #E = B i
33.04 mg/ g% 60.83 mg/g. 454 REiHY
Bl S S ARSI AT LA Y, TOL I ENA
B W B N 1. 46 x 107° mg/L 414 F,
DPAOs N RGN I PLFH G R, KA Beatk K rh
fR M IR KR 2 B DPAOs ¥4k} PHB i /%
FEAN ML N, I 7E B SR B A ff PHB R H
NO, - N YERH F 3244 e iU il Ak R
Wit . T IV £ FNA BTt Wk E R
1.82 x10 ° mg/L, & 4% PHB [ & Al & A7
FEHLARAT BT R %, {H COD 1% 25 [ 1 oK 52 3
BRFEM, 4546 TP K BR T FEAE O 504 i

A, ol fig & i F FNA i ik JF, X
DPAOs =4 T 52 Gl il E AT, i 7K v iy &1tk
JRBR T 4% DPAOs W W% 1k PHB i f714 N
G A5 B A A TR ST e A B AR AR
FI. T80 V(1 FNA JiT & ik B 4k 22 3 n =
2.19 x 10~ mg/Li}, PHB 44 i H1TH #6 &
Sy IR % 16. 66 mg/g il 16. 65 mg/g, PHB
SRR B RE AR SN, BT AL R T R4

RIE AR, REEIRE By COD %
BRACR \PHB 19 & Bk S ik % Be PHB (17
FE A7 21 R 40 G SE BE FNA Jit 2 R 3 19 5
Wil FINA J57 £ Ve FE S G, BV A 1R 6 4 ke | Bk
Wi T2 RN FNA i S e, &
X DPAOs A= il 4 HT , HoAt s A= Py Rb i o5
i RS 7, 5 DPAOs TR E B si 44
WAL B B N RE TR T, (H AR g e
i AR B 58 B B Aok R PR O FNA JBT o vk
PR S A Bl o 7 28 G 2L
3.4 REEBENREWRBHEEHN I

T S AR A A o Wl o R v e S ol
55 IR 48R W 1 2 A A7 A IEAH DG G &, AP
DPAOs 75K S BBl it B K, 7 ik S Be i)
Wk . RGTEAS TOUT , RA B0 Bk
R AR B A R i AR SR 5 R
F5 A FNA TR T ZREN MR AR E

5

Table 5 The amounts of phosphorus release & uptake

at different influent FNA concentrations

mg/L
FNA it fr/10 = DRARERE I BRI
0.58 6.00 10.08
1.02 13.11 19.12
1.46 20.07 29.15
1.82 9.34 14.14
2.19 0.72 1.72

AL A SR E W B A3 S A R RE Y
Bl 57, Al DR AR 1 5 (e SR ol 22 T
FEAER &R 1R IR 4 B, DPAOs 43 fi# Poly — P
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IR 48 B 1 ] {ff DPAOs 1K NI FE48 £ 1Y
PHB, i 2 ) PHB {54 5 54 [z AT LATE
ABON RGN R TR Z R .

e 5 AF FNA FRERIE T 25N
1) DR AR £ 55 Wl i, %o DR AU TR ol i T
A T MRS S R LA R
y=1.3988x +1.06643 ,R* =0. 99811 , [k & K¢
Wi 5 e L A i e an &l 5
. HILEZE R U B A R R E IR AR
B S B s R AR AR, Htk
FhIBE 225 FNA [ 8 oo,
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Fig.5 The linear fitting curve between the a-

2 4 6

mounts of phosphorus release & uptake

3.5 ARRERE FNA 3 2SR E
EER M

6 MAEATR] FNA FiE W E &I T, 4
RYGAQE IS AT HY LY S0 JE S P Y LGRS
R LW R () AR AAE B, L 6 7T LLF
B FNA JTT vk BE I 34, e N TR A
VAP L TR B 23 R L R gt i S S LS T i
SRR A e U I BT SV B 1) FINA MY
NS DPAOSs 1Y IR 48 T i A ke 42 1 7
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Fig. 6  Specific anaerobic phosphate release rate

and specific aerobic phosphate uptake rate

under different FNA levels

fifEEEZ 11 Poly — P LLZERF T 4K 8h ) iy 18
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S HIA S I FNA X i S B 4 R e K
FIREAREDE. 2 FNA Fig W E = T 1. 46 x
10 7° mg/L I, 2R 58 1Y bL RE B 2 3 R0 L G
HARERTIT IR L2 B RS T FNA XA
PR3 ST 8 TR 8 7 A T AR W, DT 410 )
THER A, fff DPAOs A& I Poly - P
(5 RN AR 11 B A AR 2 B e

4 4 g

(1) 3R 56 bR FH Y ENA 9 B2 3 el
X COD R fff 1% A7 5% i s FNA T 1R B A 1%
T 1.46 x 10 mg/L B}, &R G 6 S8 i AL %
W 45 F ) H K L JE NO, - N FUER,
FLBRBERE JI B A FNA BT ik B8 i 4 =
FNA KT 1.82x10° mg/L i}, RGENZE S
HI NO, - N BBLER, [A Bl il DPAOSs it
S s 3 S FINA ST MR B2 w0 M R 40 o ol
REJI T B B RSB THE A PR 1] FNA Xt
RGERBEEREAY I HI A — e R Al .

(2)FNA ik E H 1.46 x 10> mg/L
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B, ZR G 11 B2 il A 0 B3 s 50 2R fe £F s FNAL T
EWERINE 2.19 x 10 ° mg/L, 24 JLF
TCBRBERCR i R A A AT AT A= TE I I
B Ak 4 R X F FNA (14 1iif 5% 14 K F DPAOs;
PHB 65 B i AL AE i Bl FNA T 9 B 1)
FHE R R et 2 500, P AUk A FE FNA
R T A 1,46 x 10 ~* mg/L .

(3) Mt Zr B A [R] ENA B vk B T &
G N DR AR RE B 12 5 1 AR W 8 1 1) A8 AR 1O
B, Wi 2Z A AE—FPR L FNA Jo i ik i AR
AR R AR SCOC R A& T FE
y=1.398 8x +1.066 43 ,R* =0.998 11.
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