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Abstract: A set of automatically titrimetric system to monitor the hydrogen ion variation during biological wastewater treatment process
in a batch bioreactor was developed which consists of a batch bioreactor data auto-acquisition and preservation unit and titrant auto—
dosing unit. The accuracy of measurement for the system was evaluated by measuring the stoichiometric ratio of hydrogen ion production
amount to ammonium consumption amount of ammonium oxidation in an activated sludge system. The ratios measured in a 1L bioreactor
with NH,” -N concentrations of 1. 67 3.33 8.33 16.66 and 30. 00 mg/L as N respectively were very close to the theoretical value
and the relative errors were among 2.09% -6. 34% . However the relative errors in bioreactors of 1 2 3 and 4 L with NH, N
concentration of 16. 66mg/L as N were among 2.09% — — 18.57% and increased significantly with accretion of the volume of
bioreactor. The buffers of bicarbonate and the ammonium especially the titrimetric dynamic effects in a larger bioreactor are the
primarily factors resulting in errors. This study provides an important approach for monitoring hydrogen ion variation in the process of
biological wastewater treatment by titrimetry.
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Table 1  Statistical results of the titrimetric experiments under different substrate concentrations
/min /mg'L’I /mmol ¢ I~} /mmol * LL~" 1% 1%
20 1.67 0.119 0.253 2.127 6.34 3.16
40 3.33 0.238 0. 493 2.070 3.49 1.50
60 8.33 0. 595 1.251 2.102 5.11 4.75
105 16. 66 1. 190 2.430 2.042 2.09 2.75
190 30. 00 2.143 4. 480 2.090 4.52 4.42
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1.2.3 4L r e 1L
2.09%  2.44% . -10.00% -18.70%
CV  2.75% ~5.29% 16)
3L 4L
1L 5 9
3
2.3 3.1



7 1593
3.0 0.05 pH
3.1.2
25
4 -1 0.04
a0l A AA AA A A :é\
T - 1 oos E NH, Cl
E AMAAMAA AAAk M MM a R 6) H
E st 3 ©). »
; Al A n o0 E (NH4+)
o100 :
- 2 : NH,
05 . HVR oo ; .
—— HVREE)F Sy 5ik .
0 k | L L | 1 1 1 1 1 1 H *
1 11 21 31 41 51 61 71 81 91 101
t/min r
+ NH3 +
3 16.66 mg/L HVA HVR NH, =—=NH, + H
Fig.3 Profiles of HVA and HVR measured at (250(: pKNH3 = 9. 25) (5)
16.66 mg/L of ammonium 3.1.3
2
. 2
H
1L H
4.31% N p
.3
L 4 L
3.1.1
pH
pH
pH
pH - (4) pH ) st
7 HCO; )
Co, HCI H,SO,
pH ) NaOH 7.8
Co, Co, ( pH )
pH . C()2 2 I'I'l()l/L
pH Yuan 27 -9.16%
H
HPcoz P
(5). pH
7.5
pH
pH7.5 pK, 6. 36
NaOH
r pH
CO, + H,0 —— H,CO0, <= G0 wh)
2 T M 2es .pH 1s pH
pK.
H' + HCO; ——=2H" + CO*" 3) ; 50 plL
(25 pK, = 6.36 pK, = 10.35) 1% .
HPco - COZprnaniun _KC70;>l1’11>pirlg (4) 3.2
2 1 +10™7°
COme(lucﬁ(m N COZslripping co, ;pH ¢ min h



1594

31

pH
pH
(H)
Petersen *
2
HVR
Gernaey %
(ixml) ;Sin 30
CO,

HVA  HVR
4
1)
)
H +
30. 00mg/L
2.09% ~ 6.34%

Gernaey

HVA
HVR 3. HVR
HVR OUR
OUR HVR
(Yl[)
OUR HVR
OUR HVR

1L 1.666 ~

; 16. 66

mg/L

1~41L r

2.09% ~ -18.57%

11

12

Chandran K Smets B F. Estimating biomass yield coefficients for
autotrophic ammonia and nitrite oxidation from batch respirograms
J . Water Res 2001 35: 3153-3156.
Carvallo L. Carrera ] Chamy R. Nitrifying activity monitoring
and kinetic parameters determination in a biofilm airlift reactor by
respirometry J . Biotechnol Lett 2002 24: 2063-2066.
Gernaey K Vanrolleghem P Verstraete W. Online estimation of
Nitrosomonas kinetic parameters in activated sludge samples using
titration in-sensor-experiments J . Water Res 1998 32(1):
71-80.
Gernaey K Petersen B Nopens I et al. Modelling aerobic
carbonsource degradation processes using titrimetric data and
combined respirometric-titrimetric data: Experimental data and
model structure J . Biotechnol Bioeng 2002 79 (7): 741-
753.
Gernaey K van Loosdrecht M C M Henze M er al. Activated
sludge wastewater treatment plant modelling and simulation: state
of the art J . Environ Modell Softw 2004 19: 763-783.
Pratt S Yuan Z G Keller J. Modeling aerobic carbon oxidation
and off-gas

and storage by integrating respirometric titrimetric

CO, measurements J . Biotechnol Bioeng 2004 88 (2): 135-
147.
Jubany T Baeza J A Carrera ] et al. Respirometric calibration

and validation of a biological nitrite oxidation model including

biomass growth and substrate inhibition J . Water Res 2005
39: 4574-4584.

Guisasola A Jubany I Baeza J A et al. Respirometric
estimation of the oxygen affinity constants for biological

ammonium and nitrite oxidation J . J Chem Technol Biotechnol
2005 80: 388-396.
Petersen B Gernaey K Vanrolleghem P A. Anoxic activated

sludge with  combined nitrate and titrimetric

measurement J . Water Sci Technol 2002 45(4-5):181-490.
Mcmurray S H  Meyer R L Zeng R J

monitoring
et al. Integration of
titrimetric measurement off-gas analysis and NO_ -biosensors to
investigate the complexity of denitrification processes J . Water
Sci Technol 2004 50(11):135441.

Ficara E  Canziani R. Monitoring Denitrification by pH-Stat
Titration J . Biotechnol Bioeng 2007 98(2): 368-377.
Guisasola A Vargas M Marcelino M et al. On-ine monitoring
of the enhanced biological phosphorus removal processes using
Biochem Eng J 2007 35(3):

respirometry and titrimetry J .

371-379.



1595

20

21

Gapes D Ptatt S Yuan Z et al. Online titrimetric and off-gas
analysis for examining nitrification processed in wastewater
treatment J . Water Res 2003 37: 2678-2690.

Yuan Z Bogaert H. A titrimetric respirometer measuring the
nitrifiable nitrogen in wastewater using in-sensor-experiment J .
Water Res 2001 35(1):180-88.

Ciudad G Werner A Bornhardt C et al. Differential kinetics of
ammonia-and nitrite-oxidizing bacteria: a simple kinetic study
based on oxygen affinity and proton release during nitrification
J . Proc Biochem 2006 41: 17644772.

Artiga P Oyanedel V. Garrido J M et al. A novel titrimetric
method monitoring toxicity on nitrifying biofilms J . Water Sci
Technol 2003 47(5) : 205209.
Fiocchi N Ficara E  Bonelli S et al. Automatic set-point
titration for monitoring nitrification in SBRs ] Water Sci
Technol 2008 58(2): 331336.

Gernaey K Bogaert H Massone A et al. Onine nitrification
monitoring in activated sludge with a titrimetric sensor J
Environ Sci Technol 1997 31: 23502355.

Pratt S Yuan Z Gapes D et al. Development of a novel titration
and off-gas analysis ( TOGA) sensor for study of biological
processed in wastewater treatment systems J . Biotechnol
Bioeng 2003 81(4): 482-495.

Lu P Zhang D Zhang X et al. An implementation of the
hybrid respirometric measurement principle with more reliable

In: IWA Word
London: TWA

oxygen uptake rate (OUR) measurement A
Water Congress and Exhibition Abstracts C
2006. 13.
COD
D . : 2006.

22

23

24

25

26

27

28

29

30

pH
J . 2008 28(5): 422426.
RBCOD  SBCOD J . 2009 30(8): 2293-
2296.
A0 J 2007 28 (5): 1044-
1049.
SBR
I . 2009 30 (4): 1084-
1089.
P

200910104312. 6.
Yuan Z Pratt S Zeng R ] et al. Modeling biological processes

under anaerobic conditions through integrating titrimetric and off—

gas measurements applied to EBPR systems ] Water Sci
Technol 2006 53(1): 179489.
Petersen B Gernaey K  Vanrolleghem P A. Practical

identifiability of model parameters by combined respirometric—
titrimetric measurements J . Water Sci Technol 2001 43(7):
347355.

Gernaey K Petersen B Dochain D et al. Modelling aerobic
carbon source degradation processes using titrimetric data and
combined respirometric— titrimetric data: structural and practical
identifiability J . Biotechnol Bioeng 2002 79(7): 754467.
Sin G Vanrolleghem P A. Extensions to modeling aerobic carbon
degradation using combined respirometric-titrimetric
measurements in view of activated sludge model calibration J .

Water Res 2007 41: 3345-3358.



