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b baksgmg R A, WS A M A S R, AR, (R E R AT L
PEFERAE Y R A, Eh B 25 5 e A AR B B e, S BURCAE W RS A S B A U R R L
AW B REFEAMEN, (H AT ok A0 P v B SR R TG Ve, A G W N R A, YRR Eh B X
AP I HIVE T, HAMODA 48U 58 230, R M5 Ve vk AL B Eh K i, RS AT T
FAAY) LRI AR s ASIAN SV BFSERIT, — 8 By £R BE X A Ui PE A R VR T i A1)
KT AL S AE Y g T2 B K 5 K, A AOB Wit $h 58 71 T NOB. Kk, WIid i
wmER YR =, PE NOB TR M, SCEUE R AL . RERS AL E R N AT S, (HiE T
PEG ek AT A AR A AL, RUE MRS, HaSb M EA FIE RN AR WAERKEE, EEESH IR
N g PR AT SR N T A RS AL TS AT I RHE

A 3L [ Ak AR 38 AL AR (N T ECR A = 43 A0RE ) R Ui 25 20 A B8 8l o T PR X,
i AR R E I TR ERA, & —MABB Bk m AR R . HE RN AN AEY RN AEYEE T
B0 S5TE MG IR, L EE AR B A BRSO S TR WA s Rk, Ak
YWk B L TR o B O A SR B B, AR B SR R K 1 B T (waterborne polyurethane,
WPU) A 3864 6 il A A A B MR IBORE , Bt 5% 6 B R Mg A<C R[] o) 6, 3LABOR 0 R A AL BCR B9 52w, LA
AR B Sy ) R 2R PR 0 N 34 8 U e R A AR S N A S B Sz AT s e, DU O A [ e B R 5 R
B T EMMA AR S %, ISR KA IRt 2 %

1 MB5ER*®
1.1 BIEFRAEH &

SEI AT RS A TS Ve B T B TR KA BRI Ak, B RIS AR RE . S — e TS
e, RH 0.1 mol L' SRR AT R AL B, Z )5
K H & B F /K PBS S8 iR A e 3 Ik, PAZ:
Bi5 e TR AR B INHE-N, B RKRBESY . LU
i O, K 10% 1 WPU 5 90% 11 K Je &
HEWIRAT, MR ANA 10% 0 1Y H 5L 2 7 f
4% [ 3 B R 4 9 W (KPS) A1 3% 1) 53 A 3
e, WGEPBEFEIIA], 2930 min 5, IRAWEEK
B 2, W 2SR AR E] K 3 mmx3 mmx3 mm
EORVAp K NG S R T DAER e U1k AN I ECRi DR SR
Wik ok B, KT REIHE, BARIFHYHE
5 B A AL R e M . R (WPU) i 52 B R | e -
(IR (W e . KPS) ¥ #rat. K1 E1 GESRmEL

Ry 35 ROk B R R o Fig. 1 Appearance photographs of immobilized granules
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SR GEA ] £ B X, 1R J A A Ak S

IR
R, SR 64 250 mL A HE I AE ‘ l@%l l l i I”J*ﬁ
et monmmen o | ACN /AN AN N
R $E 0 2k 10%, ) 1 NH;-N ¥ JE 2k 100 N
mg‘Lflo Btk NaCLIREESY 3 0.5, 10, Fig ?;ejfi;t:ifc)hifpiiental
20, 30, 50 gL, BAFEMIN 12h, HEHEK '
5min, 7K 5min, DLBRSED KBRS, BEAEZERF N 0.1 L'min'; i NaHCO, #5 pH % 7.5~8.0;
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WIS E R ARG A, RO AR IR 30 Co SRR N THEK . RIS A S, Al 7K p(NH;-N) .
p(NO3-N) Fll p(NO3-N), Fr#T 2 A LBRH (1) NO-N BUEZ (Ry,p) FIH IR ER T R Ryyposn iz 2) 172
RGO, DL TS [ 6 3 o) 6 52 i e 2 7 1) 5 il o

FE SBR I R GEH, kS EATAS R ME A ) T AR SE 5, B AT A SRR T bk s
B APEAAIR . BERE 2 h BUKEE, W& —4> SBR M (12 h) WA IEAA (NH;-N, NO;-N., NO;-N) i
ARG B0, IR sy Ruar P Rpsmaprmso Mas Ruar P Ryggan s 23 03 2 (D~ (3) 115
_ Pk (NHI-N) — pypc (NHZ-N)

+ (1)
’ Pk (NH4 -N)
x (NO;-N
Ryar = pik(NO-N) .
Pk (NO;-N) + pyy (NO;-N)
ok (NO;-N) = pis (NO;-N)
Rymspmse = ———— / 3 5

pitx (NO3-N)
KA g MEAEBRER; py (NHI-N)L pyo (NHE-N) 43508 8E - HKNHN W, mg L' Ry N
WASSE R RF, py o (NO3-N) R HIK NO, -NVWEFEE, mgL™"s Rygmumas NERERFZR R py i (NO3-
N\ pux (NO-N) 4351 R i . K NOy N ¥, mgL .

1.3 E4EHK UASB R M 2B B2

8 R FH I A ) T DR 4TS e R (ap- ———
flow anaerobic sludge bed, UASB) JZ i ¥, L5 N iR
S LI 3, 28 A LR R A = Ltk
BASL, SRHATE#EAK, EEHAKRM T, ’7
(LR IURL B 10%. I 58 | AT W |
HE, 7 Ak R KRt DTSR S R H;z;g
S, YEFEBESE R 0.1 Lomin'; 38 5o 0 HEE 4 L
£ KL% N IR E O 30 °C, 3 id NaHCO, 4k A IR
pH % 7.5-8.0, HRT Jy 8 h. JAMZEHUR . Hriid
H 7K p(NH;-N). p(NO;-N) Fll p(NO;-N). N e kD
1.4 SCUGKFR r— (I
SCHG SR N TR K 7K, NH;-N H NH,CI Bl3 %47 UASB REEE
AL FE®RASWE . NH,CI 305 mg‘Lfl, NaCl Fig. 3 Device of continuous flow UASB reactor

20.5 mg-L™", KC19.6 mg-L™"', NaHCO, 468 mg-L™', CaCl,-2H,0 9.6 mg-L™", MgSO,-7H,0 33.6 mg-L™',
NaH,PO, 12H,0 46.4 mg-L™', MEICRE P HEIMEF N 1 mL-L', FHEi4 F: FeSO,7H,0 1 g'L!,
MnCl,-4H,0 0.2 g-L', CuSO,-5H,0 0.1 g'L™', CoCl,-6H,0 0.3 g'L"', H,BO, 0.2 g'L", ZnSO,-7H,0
0.2gL", NiCl-:6H,002gL",
1.5 KERZSHHEE

NH;-N: PG 00 E EEE  NOZ-N: N-(1-Z858)-2 Z e oG BEVE 3 NOS-N: B & 13 43l
JEEEERT; DO: JPBI-608 i #5 ¥ fif 40 2 4 ; pH: PHS-3C pH it
1.6 REENHE

B 25 mL B 20 R Bl A AR R R g 0 AL H 0K T 250 mL HEJE R R, i ABELE K . DA
NH,C1 B il A 7] B2 I NHG-N 3, AR 3[R 36 1 BEUE Koy o B HETE A 30 C 1H iR 4R35
Fegsad, 120 rmin ' PR 5. pH N 7.5~8.0, ZEFRBEAS SN 0.1 L-min', [A]F% 8 h, HUREI E /K
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W T i R S 5 AF T AS [R] £ R T 6 B 0k e R A Ak S N B S R, N A E K NHE-N VR R
100 mg-L™", NO;-N FINO;-N ¥k ¥ H0 mg L. & 4 FARFEERE R T 0. Ruar P Ry s oo I AR
o TAETEIR P3O NaClJG , 17, B Ryag 2932 RIS [RI AR B B 5200
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Fig. 4 Effect of different salinity on nitrogen removal rate, nitrite accumulation rate and nitrate accumulation rate

H & 4(a) 7T, BT NaClIgRARIMA,, RENAEDEESR T EE W TR, il
MRS AN RE D B N AR IR R AR K, TEPEZ B IE] . et p(NaClh) R 0 gL' W R G
Ny B o AT — BB, AU, R e T R TR W GRS N ER BB L 3K T B T AR B ] Y
PERE SRR, AR R G0 b A BEE N A SR A BE 0 Sl W0 a2 BT, RIS N ER B 0 B A AN
W R 5 2 28 DA S AR B R S Y, RO DR SRR Y, A EOR A T — R . A 4 R
Fif, p(NaCl) K 5 gL' f 10 gL' MRS, n, FH 2 EFAEH, IF5 57 9 KA 8 X
i p(NaCl) 0 gL' M R GE; BHE W Ae M FF L2 1T, n, B TRE . Hd p(NaCl) 2y 0 gL
B, n 06 A YEFFAE 45% DL 15 p(NaCh) o 5 gL' RGEH, ny M5 9K 5 18 & 18 50% 7c £
p(NaCl) Jy 10 gL' REGH, n, ERUE BT IR GERRTE 55% VL 15 p(NaCl) 20 gL' IR G, 5,
FELLFABE, HETFOogL WAL ; M pMNaCl) 30 gL' F1 50 gL' RE T, @AM
AOB F1 NOB [ PEgM il , A LBRZ W, REBITIE U 20% 47 .

H1 &1 4(b) FE 4(c) ATAT, p(NaCl) H 0 gL' 15 g L™ RGN Ryag LA K 0%, T Ry o 1 35
F] 40% DL I, R4 NH;-N 5 A #2851 i £k 2 1 B NOS-N #% 4k i NOS-N,  hy 4 TR Al £k S I o
p(NaCl) 10 gL' RGiH, Ry EEL LA, K2 6 dMBITZE, Rur 55 90%, 1
Ry prmsitd T 0%, p(NaCl) K120 gL' RS, Ryug B JG AT I8 80% LA I p(NaCl) b 30 gL'
MS50g L RGH, Ry BAK, HH/KNO-NIRERAN 0 gL, K RE N NOB 6= 2] T
i, AAETERUEFNOI-N &4k I NOS-N 13 72 .

H UL UL, EhEE AT E A A R S b R A B AR, RIS AT AT, NOB B HE AT 1
PeAm R, I AOB A AL AL , i k0 AR Ak AR AR DASE B (HR AR B O s L 25 4 AOB Y T
P EAFMEESMAHT, AOB Hl NOB 3z 2] (il fil F2 B AN ; MR EE ST, AOB I
NOB A H1 5 By i Fh P o Mo 38 2ok i A i8S 5% (MPN %) B, BSREREXT AOB #1 NOB #f A
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OHIVE T, {8 2 i B £ B 1 18 B RE ) R TH), AOB RYTH R fE 11 E 50 T NOB; 75 H 05 7 i i 52 56
WERH, JE K SR E A, B T BUA W iy IE E A D RE A 2R IR s CUT &P By pF R R,
TEAHLERXT NOB A 5w iy M il 58 71, T LA 12 o] 3838 P K b #0n JTe AL R S b A FR w4k o 38 3k 43 A AT
A, CHERREEE LT 10 g LTI, NOB BYIEMEZ B s M 20 g LI, 3 B A i 4 0 MR O
KT, AH TN EY AR, S35 AOB TG PRt 2 214 . Rk, 10 gL' NaCl # [ F
FERE AR B dy, WIAE A M 2R e e A b B Nz # 19 J BhR B

W /=[] o LRy o P s A AR PR 2 il R B R R B s AT AR W AL R N B I, Akt
AT HE VR S5, A 5 M A () %o G, JHLASOR e AR i A AR e PR R 2 ) o A5 R 4 rh AN ) BRSO )R & R
G K =AW . ny B R MAE AL, WA 5 PR . SEER HF K NH-N W B2 100 mg' L', BRS &K
0.1 L'min”', RN DO WEE/NT 1 mg' L. W4Tl 1, p(NaCl) it 20 g'L™' Bf AOB F1 NOB i 14
Yz 2\ i, RGBSR Z B, Fit, p(NaCl) 430 gL' 150 gL' REAFHIETERE

200 60 200
180 | 180
160 | R 160 R
140 | & 140 &
120 | gt 120 g;i
=~ 100 & = 100 =
280 & 280 "
% 60 ka ) 43
= BoR B
¥ 4 3 X4 ¥
o & o &
Z 3 K Z 3 K
® =
2 ® 2 ®
1 1
0 0
B R[] /h B R[] /h
(a) p(NaCl)H0 g+ L (b) p(NaCl)#5 gL
200 100 200 100
\A\A b0
180 180 | / B— A
N N
- 1 5 160 180
w{- r—0 &4'
~ B uof Bk
- [y ol [y
7 ® 7 of {60 ®
2 s ® %
£ e £ oo} a—" o o e
¥ ¥ 80 140 g
Z % Z 60 %
® ®
» 40 L1 20
I A Y w
11
) A %
2 4 6 8 10 12
WS HSF ) /h WS ] /h
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Fig. 5 Effect of aeration time on the nitrogen removal rate and nitrite accumulation rate at different p(NaCl)
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B 5L, p(NaCl) h 0 gL IR G, n, ZBE ETHE TR &S, BRI E Y 8 h I ik
SN KAH 47%, BlJG IR N RE 5 Ry FHIESHT A B 0 N R, AT 0%, p(NaCl) 2l 5 gL
W, n, 76 8 h I IR KAH 41%, 1 Rysg 14 3.04%., p(NaCl) & 10 gL', BRHFE] N 8 h I R G0
SRRSO B, W RS K p(NHE-N) 42 mg- L', 5, AIIAF] 56%; HiK p(NO3-N) Jy 50 mg-L ™,
Ryx 55 96%. p(NaCl) g 20 gL' B, 5, Fll Ry 43 5 7E BRI 6] 2 8 h I5F 35 5] 50% F1 90%, 45 F
AR AR T p(NaCl) Jy 10 g L' IR 55

B S AT, 4% 2R G A0 AN [ W A=A ] A 3 Uk e A A A 1 B8O B AN TR Y o #E 9K p(NaCl)
10 gL', BRESEFECH 8 h B Ry By, FEFRAS AL E MEfRf . BARTENR DO B4 T, AOB Xt %11
FEH SR T NOB, {H Y4B [] 8 d 8 h I, NOB £33 Wi W K A 31, H K FNO-N B fE7E N
NOB ## it 7 BP0, QA5 il B W [A], NOS-N 23 7% NOB [ /E I MINO;-N # 4, FE Ry T
W, JERRASILE L SRR L . Bk, ERRE AR TS N 75 B R — 2 IR R], PLSEEINOS-N
IFLE
2.2 EREXELR UASB 812 FUAL G 12 7 10 | 2 28 1B B iU 52

F AL U S5 AT 1, 10 g L™ NaClvk B 0l HF 5 ol 60 10 J00k: A5 i Ak B By 2% o 181 6 Ol 3 22 3
UASB R gria i gE . HKHNH;-N, NO,-N., NO;-N [k g4, #E/KNH;-N ¥ h 100 mg-L™",
NO,-N FINO;-N ¥ £ ¥ 0 mg- L' FILLE H, AR SR 1 R IF 4Rk BENH-N (19 588, K
34.82%, FIMH RAMERE. (HRAG MM ATRE, 5 11 KE, , (GEF] 11.70%, JFH
AIRER, EHUBURZE RV A N AR S), SEURKOKZ 2w . 55 15 R RGN 10 gL
NaCl, i —Bit sk Y s , 3 0R I 038 N Eh 3R 8 . 5F 20 KIF LR, HiK ™ p(NH;-N) B
WK, B TRE, g TFEEL 50% UL F .o K p(NO-N) M 20 KT 15 32 i 75
Ruar H15B 11 K18 10.25% 38 Jin %) 25 50 K (1 81.03%. mi b al WL, NaCl i in A## T NOB (1) % 1,
ffiNO;-N #% b I NO;-N (i 3z 252, 7K p(NO3-N) F+ 7 1T p(NOG-N) 1B HiBE AL, Ryar 36 K o
H BT AT F1, 10 g-L™' NaCl AT A5 S8 T 3% L3 UASB A2 351 Uk i B8 il Ak 52 1 #1930 o

R P o] R R A Ak B N B R MR AE H RTRFSE IS SROF AR — B, S A MR A, AR T2
RARYPL RALFN A Yok I G EE AR . AR SR B YA R | B0 Eh AR ) AL 3R K A (7R K
LR 5T R N TR K) AT RE 2 15 B B miriF

FORA B ENFE . F IR 2R 100 om0 ™, |1
4 1 5 5 4L BF 5 SBR T 2 M 80 MCR & B sof T
75 gL i NaCLIRBE T IR HES I R GE M 5 | ke .
BRI R AL Sk —E g S R A =
NaCl 3 B AT DUE S —FR AL MR S BRER (e % 0] 1" &
WL PEVERN G . AT NS S R T ), {o ¥
T, R MUCT T2 Ak SRR 2 ik 19 78 3 75 o PRRE A ettt |, ©
K, fEAH 8 gL WEREMEEA, EYn] L 05 10 15 20 25 30 35 40 45 50 55
SeBLRUF AR BEROR W RS BUR W B ot EATHd

W20 5 (i F] MUCT T 25 4b 38 25 26 A 05 35 7K —=— {1I/KNH,-N —#— JE/KNH,"-N —A— {1{7)KNO,-N

—v— #EKNO N —— HI/KNO,-N —o— #E/KNO.-N
) & o2 B A ! = B A g 2 3 3
B, RUEERETE10g L 5, TEMFABEHT . EEERE J—

Bk Wik £ 2 N 2 = pL Ay o
mﬂﬂ%m@fj = Mﬁﬁﬁﬂ@{"bifﬁff&f Bl 6 UASB RISz {THIENH;-N. NO;-N
WY RRBA . R, EARMET T NO--N SR T

o e . 3=N kI
ZRPET R R i A SR 2 1 AN [ 5 Fig. 6 Concentration change of NH;-N, NO-N, NO;-N in
M, BEAh, AWFFECY R, N [E TR R R XS £ UASB reactor during operation
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T A7 B8 07 55 h B S0 A B AR A G, AR FR S B3R W B (W] 2 R A TR 2R W T R e O A 22
S, PR S SR IUAE I X R BB B AN TR A R e
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Ve TR IR Sl A R A A S g e BORE , 7R 10 g L R L 8 h R BRI ) R HEAT B ) A 5
B, LA s G SASURE (1) 5K 5T Bl ) 2 R o B MR SO 1) A AR S A ) 0 2 o AR 22 NH-N VR B (9 BR 4
FEAL BRI R, A AN B S T R e R R Y U S A (FA), FA JE AOB M AE K I, &k
FA 2% AOB W& A L 2 = AL 0l ; H NOB Xf FA H W FE MG N, 72 N #n B 1T /E 1, FA XF
NOB (3 12 KM@ FEAR Y, Ik, BFFENH-N X 5050k 4 FE Al £k % 35 B 30 1 450 ) o — 2
s AL R AL ORI e St R h R L T AN R N R R AR, HLURV A R AL T 4
RAIRA, B84 FH Haldane 5 1550 b 4 $ 504 S P il £k 19 30 0 2 R bE R AT iR, HO A A R
X @)

Vimax
"SR, S @
1+?+E

K v RN E, kgkgd) s v N IR HH, kg(kged) s SHIEFHE, mmolL';
K, 2B R 5, mmol- L'y K BN # %, mmol-L', SZIGINAS, B 0K G AR AN 1k R 5
Jo e R R O 2R LR 1

i3 origin {4, Lk Haldane B2 8U%F 3£ 1 A SE 0 408 AT AR MRS, 45 B USRS NH, -N
(8l 1247 B b 3 O v B A il 2, TR MR HELOR 19 i R TR (SAA-NH-N)PY, | &) 7
AT, A M SURE B K2 S R (SAA-NHI-N) & 1.98 kg (kg-d) ™!, & AYF# R % %M 1.60 mmol-L ™!,
S0 E B 468 mmol- L', R* 0957, FIH R AT A OCH: o A8 14 S I 1R ] DA i 5k
GilENE X AR I= TR DRC K= RINE ST & N B0 B 9 (U S D N U B R 2 OSE f r 1A
MHEATI, P, 10 g L7 $h B R G0 b a3 J0R 5L A 0 R 3 1 2= Rk, A B RS Ak B AR
() = 3B AT o

F1 EFREMNEREMELREN 20r
Table 1  Effect of substrate concentration
on partial nitrification N
el
o 15
JkkEREE NHI-N#KEE /(mmol L™) NH;-NZ£FR/(kg (kg-d) ™) %
==
1 1 0.613 M = LR
2 2 1.254 % —— Haldanefbl & il £k
5 Lo v=1.98/(1+1.60/S+S/468)
3 5.5 1.527 o R=0.957
4 7.14 1.592 Z
5 10'07 1'675 0 5 B 1 1 1 1 1 1 1 1 ]
6 20.04 1.758 0 10 20 30 40 50 60 70 80 90
7 40.71 1.731 NH,*-N¥B/(mmolL)
) 2042 L1 E7 SEBEREN R
9 59.64 1.709 . . .. . o
Fig. 7 Dynamic characteristics of immobilized granules
10 82 1.672
3 #hig

1) WEIEFE A, 0 B X, 20 5067 2 2 i Ak S 7 2% 1) I3 SAEAE — € B2 . 76 NaCl ¥ ok 10 gL
IR R gerh, fHALTS Ve BRI AY 5, AT Ry s, 0 0 T 3K 31 55% F190%, AT E2 B0 T fu, i §i
LAY SRR AL BN 5 5 ) B SRS TR) AT DA AR R AL MR R AR S Ak i B A AR 2 aB AT, HEJK p(NaCl) A
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10 g L', BESHIECH 8 h i RG M AR HICR B AF, n, ATINE] 56%, Ry i53] 96%.

2) £ NaCl ¥k & R 10 gL', BB ] 8 h (Y 45 (40 F n 5 30 A 3L 450k UASB R # 9 25 I
B, na F Ryag 735 AT IS 3 50% F180% LA |3 BEFBial Jy 2t sx R 0], A 30k 0T 220 A1 3 1 7 ek
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Effect of salinity and aeration time on the start-up of partial nitrification of

immobilized particles and its kinetics analysis
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Abstract In view of the long start-up time and unstable effect of partial nitrification reactor, waterborne
polyurethane (WPU) was used to prepare the immobilized particles of nitrification sludge. The partial
nitrification was started up through batch tests in the SBR reactor at different salinity gradients and different
aeration times. The UASB partial nitrification reactor was started up by controlling the optimum conditions, and
the kinetic analysis was performed simultaneously. The results showed that the ammonia nitrogen removal rate
(1) and NO;-N accumulation rate (Ry,) increased firstly and then gradually decreased as the salinity increased
in batch tests. The partial nitrification effect reached the best when the NaCl concentration was 10 g-L™', and 7,
and Ry, were 55% and 90%, respectively. Different aeration time had a great influence on the stability of
partial nitrification. The partial nitrification effect was the most stable when the aeration time was 8 h, and #,
and Ry, reached 56% and 96%, respectively. The UASB reactor was successfully started up by controlling the
NaCl concentration at 10 g-L™" and HRT at 8 h. The kinetics of the immobilized granules on ammonia nitrogen
was in accordance with the Haldane matrix inhibition kinetics model, which indicated that the immobilized
granules had excellent kinetic characteristics. The study can provide a reference for the coupling denitrification
of immobilized granules and partial nitrification processes, and provide technical support for saline wastewater
treatment.

Keywords immobilized granules; partial nitrification; salinity; start-up; aeration time; kinetic analysis
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