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Influence of pH and Alkaline Substances on Shortcut Nitrification
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Engineering Research Center of Beijing, Key Laboratory of Beijing for Water Quality Science and
Water Environment Recovery Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; The effect of pH on shortcut nitrification is not uniform and the effect of different alkaline
substances on shortcut nitrification has not been reported so far. The influence of pH and alkaline
substances on shortcut nitrification was studied in sequencing batch reactors ( SBR) fed with artificial
wastewater. The test showed that the best pH for shortcut nitrification was 8. 0 and shortcut nitrification
almost stopped when the pH was less than 6.6. When the initial pH was 8.0 regulated by adding
different alkaline substances, the reactor regulated by hydroxide and Na,CO, stopped reacting due to pH
reducing. The acid buffer action of KHCO, was the strongest among them. Therefore, the pH of the
reactor regulated by KHCO; reduced most slowly, thus the rate of shortcut nitrification reaction increased.
The average of nitrate accumulation rate was 0. 155 g/ (g+d). When the pH was 8. 0 in the whole process
of reactions regulated by adding different alkaline substances appropriately, the KHCO, was the most
suitable substrates. The results indicate that it is necessary to maintain the pH greater than 6. 6 by adding
KHCO; both in the engineering application feasibility and efficiency considered.
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Table 1 Experimental conditions applied in batch tests

ek Rhidsgns  pH &MF EREX7/ i

1-1* WH 9.0 NaHCO,
1-2* Wil 8.5 NaHCO,
1-3* wiH 8.0 NaHCO,

: 147 WtH 7.5 NaHCO,
1-5* G 7.0 NaHCO,
1-6* Z=H
2-1* ¥iH 8.0 NaOH
22 whH 8.0 KOH
23" WhH 8.0 Na, CO,

2 2-4* w5 8.0 NaHCO,
2-5* WhH 8.0 KHCO,
2-6* Z5H
3-1* fEE 8.0 NaOH
327 fEE 8.0 KOH
3-3* fH 4 8. 0 Na,CO,

’ 34* fE5E 8.0 NaHCO,
35" fEE 8. 0 KHCO,
36" 2
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Fig.2 Variation of NH," -N concentration in different

initial conditions

HIE1 2 3 AT LA Y, 248046 pH {EA[F] I, NH, -
N FEfR AR, pH =7. 5 I NH, -N J5 ik & 16 i
3h WA BT T K, i 100 mg/L T FE % 67 mg/L,
NO, -N Fiit ik 28 E A 7E 3 h WELER T
R R IR # 24 me/L, (HBE G AN E AT R A AL
pH =7.0 i ,NH," -N R A3 pH =7. 5 45—,
B B RRAR A TR I B LRRSR T 2 b, 247K NH, =N
JFARHE K 84 mg/L,NO, -N JFHEHKEH 9 mg/L.

701

pH=9.0
—o— pH=8.5
—a— pH=8.0
—#— pH=7.5
—e— pH=7.0
—x— FH

60 -
50+

40 -

-N)/(mg- 1)

301

2

p(NO

20

10

" i

A pH 25T, NO, -N S5t v B2 Bl 6] A2k

Fig.3  Variation of NO, -N concentration in different

& 3

initial conditions



10

AT IR N e R Ak S 32 31 22 ol R 2R (5]
WIEYIH E NO, -N LR W E FA ¥ pH {155,
A

PUEA) = 16334/(237 +6) ] +107
TN #% (1 FA i ik B2, I N #% 147 (1571
FA i B pH E 510 E 4 (a) (b) iR, —
A FA X AOB (1 41 i oz & ¢ J& 4 10 ~ 150 mg/

LU E 4 aT LA W RS SOV G AR R, FA

R E SR T 2.5 mg/L, K TH0H AOB # 5%
ANV, PG R DLHEBR FA B9 RZ M. BT LA, IR
I AS 14% 1-5"R0 )5 B0 NH, -N FEfi s 1k ry Bl 4
Al LAIA K Bl B 0L R AT, 6 R A AL R B R, pH
{HAWT T B, 15 AOB (476 P 58 a2 B3l
N 1-4% 15745 1k ) vy B, pH {H 4 51 R 6. 50,
6.45,%5 H XK [ W g8 1-6" () pH {H 1 &K T
6.60. XUiH, 24 pH<6.60 Ji7, NH, -N J5i & ik &
FEA 4 ?#Kﬂ);rﬁ, 5 #2 LA 15 1. Hankison
SO gE AR, AOB AR KRS MEBE pH i AY U >
R, WS pH B2 6 DL, AT 68X Al £k 40 i
ARG E Y AR SCZ T LS 5 AT
HANIE], AT RE S R A S AR A Ak 40 T A7 A 25 5
I, ISR R R e T RE P, 435 8 A i 1k i
WA pH > 6. 60.
2.1.2 AL EGE pH H

Xf pH =8.0,8.5,9.0 1 &%  NH, -N_,NO, -N

JoT e FE B I () A8 AL AT e PR S5 R an e 2
R CHT N0 YRR MR 4 S A Ak
JEE oA i R 3R 5 I i R L S TR k2 e R 2 RS A
Y. M 2,78 pH =9.0.8.5.8.0 WY& F,
NH, -N s % pH =8.5 > pH =8.0 > pH =

p(NH, -N) x 10™"

WOKER, . AR pH (B P B R AR A A B ) 1557
25
20}
=
w 1.5F
é
=10
3 0.5
v 00 5
t/h t/h
(2) pH (b) p(FA)
B4 pHA7.5F7.0 0, VA FA B IRE K&

pH {EAY 21k

Fig.4 Variation of FA concentration and pH when
initial pH is 7.5 and 7.0

9.0,NO, -N FLE# %N pH =8.0 >pH =8.5 >
pH=9.0, =% pH =9.0 I} 4 18 H R K18, F 1y
NO, -N 1 2 3# % (NO, -N accumulation rate, NAR,
NEUEE S ET)S 0.5 h NO, -N JRE K EZ #) 4 5. 56
mg/(L-h). MES w0, ®14A pH =9. 0 (7N 25 1-
VTER A FE A pH (B EEARAS JFA ot ik 3 d g
A4t =0.5 h ¥ 30 mg/L, S E5 0 FA Ji i vk
A%, 15. 4 mg/L, B it B AR AL T FA X AOB
(IR MR BE | PRIk NH, -N R R NO, -N B Rl
RERFAR ; S g% 127 13" AOB 1G L4, F 4
NO, -N £ 2 R 4351 4 10. 70 mg/(L-h) fil1 9. 47
mg/(L-h) , FEJEFIEFERAL pH H T, SO 1-2*
M2 h TR, FA <10 mg/L, R 2% 1-3% W #H 24K T
T AR e, AOB 7038 HL A IR BT AR K P,
PRI, S 3R 3 7 o = 1Y pH (9. 0) AR
BRWNEY) L, 162 S5 FA W JEILE] AOB A3l
Bl AT 5 S R i 1 S 7 8 R AR A1

*£2 pH=9.0,8.58.0 K,k NH,-N.NO, -N RERESHEHEEEERL
Table 2 Linear fitting for the NH, -N and NO, -N concentration over time

L7/l pH =9.0 pH=8.5 pH=8.0

NN y = -2.5611x + 68.631 -5.339 8x + 80.265 y = -4.9213x + 85.812
NH, -N

R 0.970 8 0.994 4 0.990 3

A y=2.7810x - 2.5361 y=5.4167x - 7.2188 y = 5.5608x — 6.1839
NO, -N

R 0.9957 0.998 0 0.9956

WA 2 7R, R es 1271 NH, -N B (2
ZE[EFR ) NH, -N i e B 50105 NH, -N 5k
FERYLLIE) (88% ) > X 4% 1-3" A9 NH, -N & fig %

(70% ) ,{H NO, -N P ZH AR 2. RHEET, i
SRA YRR B FH Y 2 © 2 WIb i JR2 75 8, (EA 7]
WES 23 AL A TR (NOB) I FAAE, I 6 o, S i 4



1558 dt = T

N

2017 4F

—=—pH(pH=9.0) —=—FA(pH=9.0)
—+—pH(pH=8.0) —+—FA(pH=8.0)

10p  —s—pH(pH=8.5) —o—FA(pH=8.5) 740
—e-
A :._'—.‘.—H_._H—.—.—.
84—a L\L\B‘\“A\‘\ 130 ~
/]\f\n ‘\—‘\‘\A\A —
6F \D\D/\ ;%n
:CI:L \D\U-—D——u\ 120 S/\
4 I~ :
2¢\\&\v 110 &
78
KKA\k ‘0\0\0\0\?_?
0 . P S S S 0

El5 pH>49.0.8.5.8.0 Hf A% pH FA i it i i i
I} 1] 2% £k
Fig.5 Variation of FA concentration and pH when
initial pH 15 9.0,8.5 and 8.0

12" NO; -N Bk MR 2R T 13", Rt
XA R AT e R TERO N #% 12 B TS
T pH FA S IZEE M, NOB BTG MEA Brik &2, 1
1S4 2% NO, -N [i] NO, -N 5472,

14r
121 pH=80 .
= H=8.5 |
= o) Cp -
jaTa)
E 8t
o
Lo
< 4r
0 1 2 3 4 6 7
t/h
Bl6 pHHN8.0M8.5HMH, ZN#E NO, -N JFie vk i ki
i ] Py AR A

Fig. 6 Variation of NO; -N concentration when initial

pH is 8.0 and 8.5
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2.2 AEWEMEY R EEHLRZE
2.2.1 A pH =8. 0 TP O FEAE A a0
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Fppy B SRR R . Rl LU ) ROV 2-17
22% 23 FERLNITAR 2.5 h S (s E N, S5 AR 8
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AT 6. 6. TEUEATAEAR 2.5 h N, B4R 1 3 Fp
YA S R (v) A0 (NaOH) =0 (KOH) <
v(Na,CO,) ,iX ¥t H] Na, CO, [t NaOH ,KOH & fill i
4 AOB, £ pH ZE 4L [ i}, Na, CO, il 2 I 3 4%
X AT RESE R O COZ ™ L OH ~ 302 AOB (Al 3 71
JEY) AH COT™ T4 T B4 A FH ) 5 1T S I 4 2-
4" 25" pH (B T B2, )V 4% 2-5" pH {ETE ¢ =
5.5 h BHASR KT 7.0, X EHH,3 RY b, S Ak
W RRR R 25 0 IO A R B 2% P A FH 1555, pHL 8 T Bkt
JE SR PR 5 B TR VAR S ) ot 5 HoAth 2 2Ry on AT S 4
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Fig.7 Variation of NH,” -N and NO, -N concentration
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F NO, -N W EHRA KT 24" U HAE2 ~3 h,
TEZ A 2E I ORI, NO, N B DR 22 (M
1 mg/(L-h) HGEH K3 7 mg/(L-h). 24:>3hJ5,
T NO, -N BHERHR 2 EFRETE (6 £0.7) mg/
(L-h). Z#FrEEHE, NE 8 ol LLF i, KHCO, Lt
NaHCO, ¥ EA R o o AL, ZE 1T 2 h P, B fige AH [
Bt Y NH, -N {H SO0 i 2-5" % pH (B &, 78
2 h BRI pH 22 (H B 230 AOB IG PR 25 5,
PKIHETE 2 ~5 h N KHCO, Y S0 3 R AR X 30 T
JVE 2% 25" B E A AL R R [ 0. 155 ¢/ (g+d) ]
KT 241 0.109 g/(g-d) ].

—=—NaHCO, ——NaOH —&— NaCO, —— KHCO, ——KOH

8.5 307
8.0 el
<o20p
- 7.5 o 15t
a. g
7.0 = 10y
o=
s
65 I 0f
6.0 5

Y001 2 3 4 5 001 2 3 45
t/h t/h

(a) pH (b) NAR

8 AH[FEWIHA pH I pH NO, -N FH E A5,

Fig.8 Variation of pH and NO, -N accumulation rate

24 AN [) B 1 400 0 R0 9 B 1 #5400 4 pHL {ELERT
AR L0 5 B B BN 3 %R o (NaOH) =
v(KOH) <v(Na,CO;) <v(NaHCO,) <v(KHCO,),
HJEFA 3 4. 1) NaOH KOH Na,CO, =% pH {4
—HEBARH AW R 6.6;2) Na,CO, & NaOH
KOH W Ii& 4 AOB;3) KHCO, FR 22 mh 1 Fl o,
RELRIEAE 6.5 h PS¢ pH {7 T 7. 0. [RIILAE %
Bevg Y It AT R0 4R pH (B ¥ B, KHCO, H H %
SRR P19 2% R P T RCRY 1 R R
2.2.2 %€ pH =8. 0 WM B R A T ) 52 )

T S HAIR] pH AT 3 289 6] R Ak
IR IR HE (25 £0.5) °C 404 AW s hn s i
Y AAERE pH E R 8. 0, R4 N 45 10 I Jo etk
AL EAKINP 9 s, 4445 pH =8.0 J5,3 KXW
JoC P JS2 07 oK SR AT AE 2 591, %o 4% W0 I Jo e I R i s ]
ACHATEMEILG RN 3 iR, 25468 9 A
F 3 AIHLK Na ™ fA7E X 5 R i 1R [R5 0
B 3-1" 19 NH, -N FEfig \NO, -N B BRI {IK
T32% RV As 34" AT 35", XU, Na® (K*
SRR AL RS R 3R | 3X AT e 5 A W 40 i iy Ak
(R B4 R - i A 5%, AN K oo U R e e
AFF AOB A, 1 Na* A8 &, A i NaOH
NaHCO, ] NO, -N FUR#ZAL T KOH Hl KHCO;.
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100
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Fig.9 Variation of NH, -N,NO, -N and NO, -N concentration when different

alkaline matter maintains constant pH
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®3 FREBMEYREFRFIEE pH =8.0 B, =ZRRERESHEHLENSER
Table 3 Linear fitting for the NH, -N,NO, -N and NO; -N concentration over time when different alkaline matter

maintains a constant pH

NH,' -N BT ik B2 S iRl &

NO, -N Joi £ ¥k i 5 B [B] 4805

NO; -N Joi £ ¥k i 5 B [B] 48065

A
A R A R A R
NaOH y=-4.3015x+107.78 0.9692 y=3.7159x+1.6984 0.9960 y=0.6419x+0.5896 0.9822
KOH y=-4.9615x+103.24 0.9875 y=3.7913x+2.6247 0.9947 y=0.8478x+0.0093 0.9798
Na, CO, y=-5.7122x+103.19 0.9680 y=5.5264x+0.8952 0.9947 y=0.7798x+1.3945 0.9297
KHCO, y=-6.009 8x +107.43 0.9815 y=5.6873x+1.0612 0.9935 y=0.5212x+2.0231 0.9272
NaHCO, y=-5.1137x+103.24 0.9492 y=5.1404x+1.5681 0.9951 y=0.6337x+1.3077 0.9048
AR RWIR N 3 69 mn] LR S &4 K
TR SRR, 76 0 ~ 6.5 h N, 45 S0 a8 11 % A 15 CO?™ +H,0<HCO; +O0H"- (2)

1B SR, B DA S I 3 #E ok R, NH, -N- R fiff 58
NO, -N B EH -2 o ( KHCO, ) >v(Na,CO,) >
v(NaHCO,) >2(KOH) >v»(NaOH) , il NO; -N #J
K H.v(Na,COy) >v(KOH) > v (NaOH) >
v(NaHCO,) >v(KHCO,). 5 ##¥ i+, Na, CO, 5K
JEFRAE AL AR A {HH: ) R A A5 Ak i AT B
R, Hl i #s 2-3"F i, F Na, CO, JH75 pH {EHY
pH 8 T B, 4645 pH =8. 0 i Na, CO, MUK,
VR HEA S, HARAEA %, v AT AR & KHCO, 4%
1) 5 I g o AR A A 3 e i, HOHXE NOB (A=K
AFIHEER. WL, T RKE RS E R,
KHCO, MH5id A 1 pH I8 75 9 5 5 48 Ak 9 o o 4
(14 JS2 17 ¢ o A R A 18 FLIR 8 o e e e R Ak

MR LS AN By pH AE AR A, 45 B 047 78
L5 ULH 3 25W T AOB RIME I ANTR. A& ALY
JR R R A 0 R AR IS I T, T R A R R 2
OH ™ Jovk HL 4% AOB FIH, i HCO, J& M FE i ik
AN Y B A DR BP0 250 i €O, 7E NaOH
W REAEAE SRR -, XS 50 RN, FEAEAE
VA

€O, + OH <HCO; (1)

TR T, SOB (1) 0P 5 B R R A
75 BRI R 4 TP A A BV R AR 1 HCO, 3l
PRUET 3-1701 327 [ N 2 REFF L2 S . ] LAHEWT
518 U NaOH  KOH 1%/ F — J7 T 2 4 5 B
pH A, B —J RN T 5530 Co, B AEMF R
AR HCO; LAE AOB FIH. Xk 7 M4
TEALYR 2w, i 2-37 b 2-17 22" dUR T PR
CO2~ It OH ™ HHEiT AOB W BRI HIEY) , 1K h

7 pH AWIFERAI A0 T COL™ KRt OH ™ fY
2 SRR AT T3 R 2-37 Y NH, -N R figk
N0, -N R BRI AT 2-17 227

S R T R 7 Ao PR R AR TR, R IR R
PEYIRE. DA G0 1 25 S T LA Y 8 it 4 I
FIVE R R . 1) 4EEE pH > 6. 6, 1L AOB 7
PERS R 32) O AOB 241 HCO, |, AN W] i a4 o A=
B HCO; g A2 AR ) ik i 25 4 Joi il 2o K fige = A
1 A A N i 5 2 S i o, R AR IR
A

3 #Fig

1) SRR iE B pH 4 8. 024 pH (KT
6.6 W e R W LT 45 1k, Tk NH, -N 4k
NO, -N.

2) FHAS[R) B 14 4 Jo 9 45 97 4 pH = 8.0 K,
KHCO, B FR 2% vh A F e o, pH (H T B8, Hi
PR AL R P, W35 A R SRRk 0. 155 ¢/ (g-
d) ;Na, CO, 55 NaOH ,KOH H pH {# 78 fbAH ML, {2
Na,CO, Hi& & AOB BYA1K.

3) RPN LB 4 5 9 45 B g 2 pHL B 58 K
8.0 Hf,Na* K" X AOB fZ7E A A 520, K * B 4k
& TRk ; A KHCO, b e B A e 8, o
PRI R g e, FL i R AL A n] BB fe /) ; SR
A o e A S g R R A 1

4) TRV 4G pH {E I8 2 4E F5 1 & pH
{5, KHCO, ¥ Ay fe A Al Mk 4 . TN I, 78 T2 2
o, AT L KHCO, 9 15 8 R A 4k A 4 8 o e 1)
pH {8, HLAE N it F Hh fR4IE pH > 6. 6.
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