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POLIMI/ENEA +SPES Objectives

1. Evaluate an existing lab-scale titration (DO-
stat and pH-stat) sensor to monitor the
performance of an SBR

2. Develop an automated combined pH-DO stat
titration unit to be used for on-line SBR
monitoring




POLIMI Activities

SUMMARY

. Further insights on the applicability of
pH/DOstat titration fo monitor the
nitrification processb (LLN)

. pH/DOstat titration tests on sludge and

sewage samples from a full scale WWTP

. pH-stat denitrification tests on SBR influent
. Development of the on-line pH/DO-stat
Titrator

. Conclusions & future activities
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pH-stat denitrification tests on SBR influent

13 Batch tests by adding SBR influent + nitrites &/or
hitrates
Measured:

>HCI titration curve
>Nitrites+nitrates concentrations

Main objective: Evaluation of the ratio between titration
rate and denitrification rate (f = mmolH*/mgN)
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pH-stat denitrification tests on SBR influent

Test output (Neq = NO; + 0.6 NO,).
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(a) denitrification of the rbCOD fraction;
(b) denitrification of sbCOD;
(c) endogenous denitrification.
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pH-stat denitrification tests on SBR influent

Simple model for data interpretation

rocess Components Rate
NOs; | NO, | COD | HCI
Exogenous NO: COD
Jenitrification | -1 1 | -cl | fies | Rpee =R, Vyax *SSV#—— % *1.17%°
- NO, +0.25 COD+0.1
of NO; 3
Endogenous NO-
Jenitrification | -1 1 fiend R =R, end [, *SSV*——2 % g"?
of NO3_ NO3 +0.25
Exogenous NO: COD
Jenitrification 1| -2 | faes | Ry =R, Vi #SSVH——2—% *1.17%
- NO, +0.8 COD+0.1
of NO, 2
Endogenous NO-
Jenitrification -1 foend R,.s =R, end \f,,, *SSV#——2 % g
of NO, NO, +0.8
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pH-stat denitrification tests on SBR influent

'f' estimates

N form HeS Hend N form: Hend

NO;™ | (meq HCI/mg N- NOX) (meq HCI/mg N-NOy)

om0

High variability -
It is less straightforward to assess denitrification
activity from titration rate and NOx concentration

from the amount of acid titratated
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pH-stat denitrification tests on SBR influent

However, qualitative info can be easily obtained:
(1) End of the denitrification process

|+ NO3 = NO2 + Neq — HClI|
B

@ik 1 (©

HCI (mmol)

—HCI + N-NO3 mg/L
= N-NO2Z mg/L -+ Neq

HCI (mmol)
o o o
NSO

| | -
N forms (mgN/L)

o
(N}

o

40 60 80 | 100
time (min) end of the anoxic phase

N-NOx (mg)

30.0

250

20.0

15.0

10.0

HCI (meq)
1

T+ 08

= 08
T 0.7

+ 06

05
+ 04

+ 03
T 02

T+ 01

0

3B Parallel

8
RS9 SBR/titratio
176
- 75
7.4
7.3

40 60 80 | 100
time (min) end of the anoxic phase



POLIMI Activities - 3

pH-stat denitrification tests on SBR influent

However, qualitative info can be easily obtained:

(2) Limiting substrate

-C limitation: -N limitation: no residual
residual endogenous titration
titration rate

- |=~NO3 = NO2 -+ Neq — HCI| N-NOx (el HCI (mea)

300 1
I ] I
+ 0.9
I | I
|(a) I b I 250 "‘\ TTT 1 o8
200 ~ + 0.7
T + 086

15.0 05
kY ’
+ 04

HCI (mmol)

10.0

+ 03
5.0 /§< 102
— /%\‘ \ i
00 0
100 120 140 160 180
synthetic influent ~ Time (min) time (mln)




POLIMI Activities - 3

pH-stat denitrification tests on acetate

NaNO, + 0.625 CH,COONa > 0.5 N, + 1.25 €O, + 0.125 H,0 + 1.625 NaOH

50 100 150 200 250
time (min)

face‘ra’re = VHCI,TiTr'a’red/ NO3,dosed

r = r"r°.‘:C(ce’rCt‘re/ VSS

acetate
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pH-stat denitrification tests on acetate

NOB_ spike facetcrl'e r‘den
(mg N/L) (mmol HCI/ mgN-NO,-) (mgN-NO;-g! SSV h-!

0.0967 3.41
0.0973 3.50
0.0974 3.49

0.0948

face‘ra’re = VHCI,TiTr'a’red/ NO3,dosed

r = r"r°.‘:C(ce’rCt‘re/ VSS

acetate
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pH-stat denitrification tests on acetate

7-05-04
8-05-04
8-05-04
8-05-04
8-05-04
8-05-04

9-05-04
9-05-04
9-05-04
9-05-04
10-05-04

A relevant variability is still observed
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pH-stat denitrification tests on acetate

Procedure to assess nitrate concentration:

-step I. a non-limiting concentration of acetate is dosed to the
nitrate-containing sludge sample; pH-stat titration s
performed until a plateau is observed, i.e. until nitrates are
fully denitrified and the amount of acid dosed is recorded

(Vicl siudge):

*step 2 a known amount of nitrates (NO;.) is added to the
same sludge sample; pH-stat titration s continued until a
second plateau is reached and the amount of acid dosed after
the nitrates spike is recorded (V¢ gpik.)-

faceTaTe = VHCI,spike/NO3,spike

NO3,sIudge = NO3,spike ; VHCI,sludge/VHCI,spike = vHCI,sludge/face’ra’re
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pH-stat denitrification tests on acetate

Results:

mg NO3/L mg NOs/L

Test date estimated by pH-stat titration | analytical determination
14-06-04

15-06-04

18-06-04

More tests are in progress




