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Effect of Osmotic Pressure on Nitrification
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W E AAALXABEACEEZTRAARTA SRS AEAR GBS, EHEKRRT A 120mg L', 3 3 Kb & 5 H
MA3x10PaEHhH 18 8x10°Pa, AL E BB R A HALERTE 03% -~ 100% , KB Kik—F % HH 19.2%10°Pa,
BB EHER 2%, FEEAMLEROBAAAERAR BRMEL 18.8x10° ~19.2x10° Pa 2@, £ H#EEBiE
B, ERFRPALAEOEESOR— AT ANBE RS AP AER B FTARASNBEIN SN, Wi & ARl
EmREEHEL. ShFETRGEMBS R HIE R GG, B ERD LA W R R &R 8T RS R KL E
B FRERBRAHFCETRUSSH )9 MM 0.083kg kg +d ™' A £ 0.500kg kg ' <d” ' B 2. 560kg kg +d 7 FIEIE 5.
30.0 4%,

X SEAES HLER AALXAREHELELESR
GFHS%E Q081 XWIFIEE A XHEEE 1000-3061 (2006 )01-0156-06

Abstract The effect of vsmotic pressure on nitrification was investigated in the internal-loop air-lifi nitrifying reactor. When
influent ammonia concentration is kept at 420mg-L~" and influent osmeotic pressure is increased from 4.3 10 18.8 x 10° Pa, the
ammonia conversion of the nitrifying bioreactor is maintained between 93% and 100% . After influent osmotic pressure is further
increased to 19.2 x 10°Pa, the ammonia conversion goes down to 69.2% . The influence of osmotic pressure on nitrification
takes place without any alarm and the critical osmotic pressure is between 18.8 x 10° and 19.2 x 10° Pa. During osmotic stress,
the nitrifying bacterial populations in the activated sludge become simplified, the cell size becomes smaller, the inner membrane
becomes less and some unknown inclusion particles are formed. The cell structure is restored as soon as the osmotic pressure is
removed. Addition of potassium is able to relieve the effect of osmotic pressure on nitrification. The nitrifying activity of the
activated sludge is stimulated by the osmotic stress, and the specific ammonia conversion is increased from 0.083 kg-kg™'-d ™"
10 0.509 kg-kg~'-d~" and 2.569 kg-kg~'-d~"', respectively.
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FETAEAKCIMBEEEK MAERHEGEK
PESHMEMEE, BEERS @ dE P
BEEA-THENLE, M BB EESRERRK
EYESE  RESEMEDRL"Y, BRBAEEX
MERABEr M EETEEKNEDLERS
EENHXEL. BESHLE EHFEANREHER
i 81- 1N

1 #RfoF %

Ll RERE

ARBRRAMNNEREARESWE 1 .
RUuHHANEBE X, ATRCEARE BHEX .
SnBX BASEREINTES, BHEHER
10.38L, BN L LARK BREMEKSEX
(4 % i B4 B A 153.94em’ 197 35em” Fil 346 36em’ .
=R K IR s R A IS BB K O R A BRI 28 R T,
ZERRMIENBL S HARFLIZLY 0.2mm) 5]
ARR#. HTFAREMBRER PRESEARE,
HHXHBEERMNEEEER FHEERHES
BAEARKMBERE ZRAERED. LS ET
NCERETET-

B SAXNEEWEEREERE
Fig. 1

Internal-laop air-lift nitrifying bioreactor
and its flow diagram
1: influent tank; 2: perstaltic pump; 3: effluent rank; 4: nser; 5:

downcomer; 6; settling section; 7; overflow weir; &; air pump.
1.2 Rk

REFATEEREK HEFERLE L

®1 HUFEEKOLEER
Table 1 Composition of synthetic ammonia wastewater

Composition Concentration/{ gL~ '} Compasition Concentration/{ gL vy

KH, PO, 0.027 NaHC(O4 Supply as needed
MgS0, -7H, O 0.300 " (NH, )80,  Supply as needed
CaCl, 0.136 Trace elements 1° lmL-L~"

Na; 30, Supply as needed Trace elements 1™ lml-L""

" Composition of trace elements 1{g-L ™' ) :EDTA 5.00. FeS0, 5.00.

" Composition of trace elements H{g-L~'}:EDTA 15.Zn80, ' 7TH, 0
0.43, CoCl, » 6H,0 0.24. MnClL, » 4H,0 0.99, CuSO, * 5H:0 0.25.
Na: MoO; +2H, 0 0.22. NiCl, -6H 0 0.19, Naz Se0, - 10H, 0 0.21, H, BO, -
TH, 0 0.0t4.

1.3 ¥EMHTE
AR EAHNER T RELR S WL RN
BiLisR, A X RSE N . pH7.02,85 5.8 ¢- L7,

VSS 4.5g L7,
1.4 BREHE
1.4.1 2ERWAAR . E2EEMERR P, &

il K B B W 420mg- L7, A BLE B A AT 486
gem '+d',pH7.5~ 8.5, D0 KF 1.5~5.0mg-L"",
PL 710mg- L' N A5 W8 Z #i4R & i K Na, SO, ¥ B K42
AEXKBEL EG - TBEETELEF 3~5d.
1.4.2 WEBEEMARAE. ZRBEERE KL
&, FE LA 1420mg - L' B 5 08 1 R R 1 K Na, SO, IR
B NBEEME 12 x 10°Pa B, Ll 2840mg- L' #Y
FIREBEREBRHIARFRAKE. HKEXHS58SE
EHEREEF,
1.4.3 BEREAEY A LR =6k 56 F ot E
( Hydraulic Retention Time, HRT ) 6.2h, 7 @& &
{ Dissolved Oxygen, DO)MRE 1.5 ~5.0mg-L™" ,pH7.5
~ 8.5, K ZE S 420mg L', # 7K Na,S0, #KE
15255mg* L (B ER LI F 12 x 10°Pa), i KHCO, B
f NaHCO, fE AR E WA, UL BEREFHBE
EHRTIER.
1.5 FhEERE

34 # % ( Scanning Electron Microscope, SEM)#HE
METAEMNE T ORBLEFRESE 2.5%
ROEARTEE, HEEICKBAPIR;OHE
B E#k, A Imol-L ' (pHT7.0) MR8 48 il [ vk B 5 3
WK 15miny @ 1 REBIBEEEFRES 1~ 2h;
OFEE B E B, A 1mol- L' ( pH7.0) B BE 28 vh il
PEAE S 3 WK, B IK 1Smin; QAR E (50% .70%
BO% 90 % F1 95% ) i) Z FE 7% VB X BE W AT B K AL
R IR AL 15 ~ 30min, BB 100% 0 2 84
H2k G OMBEBMR RS ENESR(ES LA
H11) b BEE R 30min, O A1 ES R R IR BE b B AR
I OBRERE TR S TRP ZFTHE:@
BHERHESMEL BB EFHFNBES
B4 78 X130ESM . PHILIPS {534 83 8 T L8 fidf A,

EREE(TEM SN BiLeBERE" @ -
CEHEOREEFESKTLHAER ;O Spurr 11 7
MAHESHETEELE, CHAEANEZENESEK
(REWFAN :DAMES h BRESHAN I
MRS WAL A b 3h, B /o S Spurr LRI A0
HAada;OuRBETe BB, T0CMm#AL
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HOWERETFNEMATHED A RE, &
JEM-1230 JEOL E ST B T ME A M,
1.6 NEMESH*

NH, * -N: K # BR- 1k S BR 38 6 B 37 5 NO, ™ -N:
N-(1-38%)-Z —BOE B ;NO, ~ -N: #4046 %
B E™ ; B 7% B K (Suspended Solid, SS) iR
B ¥ B & (Volatile Suspended Solid, VSS): E &
3% ;pH {8 : PHS-OV M MR BE +F, S B s 1% 3k DO
JPB607 RERAERALGBAE . RIEEB TR
(Donnan equilibrium) 7 Xf b 49 8 % E A R HR™ ;15
REFE - R—cBSRTHAREZLES, L 500
romin” BB LR L 10mine FEHR, BB
RERBANGIHRABSREEE,

2 #R5i®

2.1 SEEMEXHLERNENE

HERAMTAZANETH(E2), REEKR
BOKSE 420mg- L', HKBEEZNN 4.3 10°Pa
RED 14.7x 1P, LN B AP R EHILEA
F 486g-m " -d ', EEAHLEEE LFFF 100%, 1
AKEEREBTRM TR, HHKkEEEKEN
14.7x 10°Pa R B 2 18.8 x 10°Pa, A ME LR K&
E93% ~ 100% Z [A), B % K3 R 35 B e i W
AXK, HEEKEEEH#H—FREP 19.2x10°Pa
B, LE R BN, AR EREE 69.2%, 5
FEARARES 336g-m°-d', WKEREKEH
F129.4mg' L' MWL RATEHBERER
BERBEENEAT . FEMILBEATRENE
fR(E 3), W BIEERH KB EERF 18.5 x
10°Pa, B L EARGSE T B/ E 50.0%, EHE
C OEMACEBRE 243 m - d7  HAEREREAZE

209.9mg L7, XHARRLEREH, BFEEX LA
MEwRERREE, B REFE 18.8x10° ~19.2x
10°Pa Z2J8},

MREHHEGTEFEENEEZR(EH 4,288
BEEEAR HEBRINABERRLEHES
o NEAES LB ARG mH—, BHEEED;
MEEX/NEE MRER, MEED NHESEH
B HRAEZRBETRES). FH3IAE
BRE, MRAFETHFEAHR T HBERAE
(@A 5).

MNP ERR, BB EETIHNRIGE
RiLTEYE. AR EERMARRKRE, LITREAEL
X4 0.083kg kg ' d" ;EBBEEMARRE, KI5

500 | 1 100
2 400
T %
180
§ o !
g ® Influent NH,'-N concentration g
§ 20f O Effluent NH,"-N concentration z
+Z" A NH,"N conversion 1% ’E'
Z 1wof
Ce' N ) Qo On 40

s 2 12 o
Osmotic pressure( X 10°Pa)
H2 BEEBEMBEEANER

Fig. 2 Effect of osmotic stress on nitrification

B3 JEEEIS I a4k 0 i % A vl 858 5 (30000 x )
Fig. 3 TEM photograph of nitrifying bacteria in activated
sludge (30000 x )

B4 EYESRFELSHEH %R A (3000 )
Fig. 4 SEM photograph of nitrifying bacteria in activated
sludge (8000 x )

A: bedore cemotic stress; B: after osmotic stress.

REABEEAE 0.509kg kg™ ' -d " ;A HERE 5.1
5o
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- B -

Bl 5 SRS R B AE A o §5 4 (30000 % )

Fig. 5 TEM photograph of nitrifying bacteria in activated
sludge(30000 x )

A: before csmotic stress; B: after osmotic stress.

SAKEFBAOSHER, EBEEMT 18.5x
10°Pa BO&F T, R SR A LT 2B WL (NH, "
—=NO,” ), =WLI NO, -N 3 E,NO,”-N Fr St
AR (ET 23.9%); B EEBT 18.5x 10° Pa
J5,. RN M E B4 (NH,* —~NO,” ),NO,” -N
G HEAAE 61.7% ., BHLHEN, HRAENR
BEEMAMNERUR TENRAR.

2.2 RMESBEREBNHLERANER

RIS ANEERERRR Y (B 6),
Bt KB EEZEIM 19.2 x 10°Pa KBl 7.3 x
10°Pa, BT 3T T MR B2 18 % i B 381 Xf 1 4k 52 RE 2% 380 BE 19
Bw, EHKERARERR 20mg- L', HKEE
FEM19.2x10°Pa FEZE 18.5 x 10°Pa MR T, tHh K
HEREAEBE TR, LMM 180.4mg- L' HE
258 3mg- L s M A AEAERERE, KWMN
57.0%F¢ % 38.5% ; i K # NO,” -N/NO, " -N A HE
HhH EMFERT 0%, XERAREKYH, HE
EESIZ KT R W H kBB % B REAE T o2 B &%
tho BTHRAERRHZOMW LIS, &K BEEE
M 420mg- L 'KED] 140mg L™, I B BEEM 18.5 x
10°Pa BE & 14.2 x 10°Pa, 5 LS 8 L fF A 486
gm d'REE 162gm -4 HKERKRERRE
M136.6mg  L'BEE 143mg- L', EEHALEMN
24%F F 89.8%. W/SHEFFHKBERKEN 140
mg L™ BB EEMN 14.2 x 10°Pa BEE 12.0 x
10°Pa, N KK MBI BN 7.5Tmg- L' [EFE 0.05
mg-L™' AL ERM 94.59% F 5 99.96% , XL
B KRN ENMASIEESKE. WilEKkE
PHREEHERAD 20mg L', FAREBEEMN 14
x 10°Pa BB E 7.3 x 10°Pa, R BB T8 E , AR

L#EL 100%, REBASETLERNL U
NO,"  NNE(HETF 9.0%). HEBEENERF,
B 3% IE 2 R AL A6 F Y Ji 3 280 17 .18 BB o
WREHTEHRERELZR(EH7),BRE
BEEMAE, BASRPHHANEXTL R
W RFFFE AR AN AR RKE, &
Wi ARAR RS HBERATYRER B
EWHK, QREABEERR, HHBEER, Bk
7 0 BORCR X D BRI ; BB B R, B
RASHEREL, bt Es X sEERAE Y
EESMAAEEN B EENELE X,

500 720

g

=
Osmotic pressure(  10° Pa)

2

NH{-N concentration/(mg -L™)
and conversion/%
[*]
=
Li

—
=
T
.
w

0 1 ¥
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6 WEBX B Ik i 3 5 4L A A B9 B

Fig. 6 Effect of relieving osmotic stress on nitrification

TR M E RR, RERB SR8 @
WaRsRMAEE., EREBEENTR S, LS
REEHEAEM 0.509kg kg™ - d " BB H 2.569
kg'kg ' -d”  BERBBEEMBRHHATREER
ZRBEMEHBSOF RERBEMENN
31.0 1%, REHBAH HHEANR.

7 WEEREEER SRR H N
% S el 8 18 1 (20000 x )
Fig. 7 TEM photograph of nitrifying bacteria in activated sludge
after relieving osmotic stress(20000 x )
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2.3 BEERSHAMNBAFEANER
MFZIALFEY , FEHEKBBEHN 12x10°Pa
FFLA NaHCO, 15 37 B8 4k R 25 B 7K /9 88 55 2% »h 7l
(KHCO,/NaHCO, = 0/1, mol/mol) B & F , #E /K A
Wl 420mg - L', SE Wk & B W E ik 178.3
mg-L~', F R EHMAF N 57.55% ; UL KHCO, T4
B A NaHCO, J5 (KHCO,/NaHCO, = 2/1, mol/mol) , 5F
Bl KB R EERED 147.56 mg- L', EHEEHEL
FIt 3] 64.87% ; kLL R F KHCO,/NaHCO, ( KHCO,/
NaHCO, = 3/1, mol/mol )} J5 , FHI K M B EH—
¥ E 12347mg - L', FH T A EF
70.60% ., XHEAKBEH CEEERENFENRLT,
B THREEARTEERESHLEEANER,
THEHE, IEETAB FREBERERYYR, A
FHEYREFRTHBRER",

ATHIERE TR EEE M ZREEN,
BEAT T &M KHCO, MER LK. MFR4 LR N,
E% 1 ~ 3d, @K PRI KHCO, (KHCO,/NaHCO,
= 0/1, mol/mol ), # /K & H % & 503.8 ~ 587.3
mg-L' O AKEERERT 100.97mg- L', A
£H 66.07% ~ 82.76%;: % 4 ~ 6d, #H K P B
KHCO, (KHCO,/NaHCO, = 1/1, mol/mol ), 3 7K & B ¥
JE 583.04 -~ 596.81mg-L ™" i KA BIEFREE 22.93
~58.8lmg L', EEFHLRIE 89.91% ~ 96.16%;
B, 7 ~ 9d, fm X gtk & KHCO, & fn B ( KHCO,/
NaHCO, = 1/0, molfmol ) , #t 7K 2 B ¥ BE 5 645.70 ~
648.47 mg'L™', B K A B EE H 0.22 ~ 5.46
mg-L™' R AR L 99.15% ~ 99.97% ., X
BB, FNABE FRELEERSS B EXHL
ERMER , BT,

23 FRARTHEKELENERN (mg L)

Table 3 Effect of adding potassium ion on jum conversion (mg-L™')
KHEO0,/NaHCO, = 0/1{mol/mal) KHCO,/NalC0, =2/1( mol/mol} KHCO, /NaHCO, = 3/1( mol/mal )
Effluent NH, * -N NH,*-N Effluent NH, * -N NH, *-N Efftuent NH, * -N NH, * -N
concentration conversion/ % concentration conversion/ % concentration conversion/ %
1st day 165.63 60. 56 155.00 63.10 100.97 75.96
2nd day 175.37 58.24 139,94 66.68 147.03 64.99
3rd day 173.16 58.77 147.92 64.78 113.37 73.01
aih day 178.92 57.40 151.46 63.94 131.97 68.58
Sth day 198.40 52.76 143 .49 65.84 124.00 70.48
Mean value 178.30 571.55 147.56 64.87 123.47 70.60
x4 EMABFHREACEANEN (mg- L")
Table 4 Effect of adding potassium ion on nitrification {mg-L™')
Influent NH, * -N Effluent/(mg-L"") NH, * -N (KHCO,/NaHCO; )/
concentration/(mg- L) NH,*-N NO, " -N NO, = -N conversion/ % {mol/mol )
1st day 503.77 170.94 120.10 212.72 66.07 o1
2nd day 585.69 100.97 62.30 422 41 82.76 o/
ard day 587.32 122.23 0.34 464,76 79.19 o/
4th day 583.04 58.81 0.66 537.34 89.91 111
5th day 596.81 37.53 0.41 547.54 93.71 111
6th day 596.59 22.93 0.02 573.64 9.16 11
7th day 645.70 5.46 0.07 640.18 99.15 10
8th day 648.47 0.22 0.00 648.24 99,97 170
Oth day 646.33 0.25 0.00 645.24 9996 1/0
3 &% B AA R, BRI 18.8x10° ~ 19.2x 10°Pa
E=<)

(DTERBH A KR E N 4200 L' 954
T, ¥ KBEEZHM 4.3 x10°Pa REF) 18.8 x
10CPa b, SBEABLE BN AAHALERIFE
93% ~100% , B EEMTELEE RIFRERNRE
. BRAKEZER—-HEETD 19.2 x 1C°Pa
B, BB ERE 6920, BEEXNELERHN

ZIH,
(QFBEERMATT RIS RMELEY, EBH
e W 56 o, B A, t 75 B B B % 1L £ 28 0.083
kg'kg ' rd L EBEEMOKRE, KIS RARFEL
HFtE 0.500kg-kg ' -d s FEILIRF 5.1 15, MERE
75 s Jipie e B 3R 5 R AL 15 1 AE IR I 8 1 I i it
B LERERAELFEMN 0.5 kg kg " +d "R EEF
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2.569 kg-kg™'-d”', FHLERES 4.0 7

(@B EEMARE, HEERTHRBERE

AHBAL. BRESE WS —, THEAEMD EEK
F5,ETN AEM R, BE TR AN~
£ FERERSHBRRASTY. REBEERA
B R T LKA . BEKPRMEE T, TR
R X W EfE AR,
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