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Abstract

The applicability of set-point titration for monitag biological processes has been widely
demonstrated in the literature. Based on published on-going experiences, some operating
procedures have been specifically developed toppéeal to biological nitrogen removal, so that
real-time information about the process and/oretffiects of the influent on nitrifying biomass can
be obtained. This, in turn, would allow plant ogera to select the most appropriate actions
properly and timely, especially in the case of Seming Batch Reactor plants. Operating modes
are described for the monitoring of influent tokjycto nitrifying biomass, and the nitrification
capacity: first results gathered by means of thdirentitrator TITAAN (TITrimetric Automated
ANalyser) which is in operation on a pilot scaleRsB
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INTRODUCTION

The main challenge in the management of an activsitedge plant, for biological nitrogen removalnfro

urban and industrial wastewaters, is to ensurelestreatment efficiency under highly variablelueht

quality and quantity. To help the plant operatarscope with this challenge, on-line instrumentatisn
fundamental, since it allows to characterize bofluént variability and process efficiency. The mdine on-
line data are closely correlated with influent gyeind plant’s treatment capacity, the more stréigyward

is to implement control strategies based on thesz d

As it is widely demonstrated in the literature o tpast decade, pH/DO-stat titration allows thesssent

of two kind of information of great interest in thenitoring of WWTP for N-removal:

- tractability of the influent, in terms of sewageitity to the biomass and pollution load (e.g.: ddane et
al., 1998; Ficara and Rozzi, 2001; Yuan et al.,12®Dbzzi et al., 2004; Ficara and Rozzi, 2004);

- the biomass treatment capacity, in terms of procaiss (see e.g. Ramadori et al., 1980; Massoné, et a
1996; Bogaert et al., 1997; Massone et al., 1988né&ey et al., 1998; Ficara et al., 2000; Petegseah.,
2002; Foxon et al., 2002).

Under aerobic conditions, pH/DO-stat titration @gies as other respirometric techniques, but, eifiiy

from respirometry, pH-stat titration is applicahleder anoxic conditions as well. Therefore, setipoi

titration was considered as a suitable technigueetapplied to the monitoring of N-removing WWTPs.

The following procedures, or modes, have been deeel, based on the above listed literature, and

experimented in our laboratories by means of theseale titration unit MARTINA (Multiple Analysis

Reprogrammable Tltration Analyser):

1) detection of influent acute toxicity to nitrifyingomass;

2) estimation of the influent nitrifiable nitrogen dent;

3) measurement of the nitrification capacity of thévated sludge, assessed in terms of maximum odites
oxidation of ammonium to nitrite and of nitritertdrate, allowing to predict nitrite build up;

4) monitoring of ammonium oxidation process duringdeeobic react phase of an SBR reactor;

5) estimation of nitrate concentration in an SBR tank.



Measuring procedures and main outputs, as theyingséemented by an on-line automated titrator that
equips a pilot scale SBR (TITAAN, TITrimetric Aut@ted ANalyser), have been recently presented at the
Conference ICA-IWA 2005 (Fiocchi et al., 2005). Fhitrator is the result of a cooperation betweP&ES
s.c.p.a. (Fabriano, 1) and the Technical Universitilan (Politecnico di Milano, 1) and it's thevelution

of the pre-existing lab-scale instrument MARTINAaM components of this instrument are outlinedig F

1.

Experimental titration curves, reported in the duoling paragraphs, were obtained during an on-going
experimentation on the monitoring of a 500 L pdoale SBR fed on urban wastewater, located at the
WWTP of Trebbo di Reno (Bologna, Italy). Here belawe described the modality of operation of the
titrator for the on-line detection of influent taky to nitrifying biomass (mode 1) and the on-lmenitoring

of the maximum nitrification rate (mode 3): firgsults are presented.
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Figure 1 : Main components of the on-line titrator (TITAANBs: sludge storing beaker; Bi: influent
storing beaker; Rt: measuring and titration beakaf;: actuated 3-way solenoid valves; EV: actuated

solenoid valves.

MODES OF OPERATION

Mode 1: Detection of influent acute toxicity to nitifying biomass

It consists in performing a pH/DO-stat titration @sludge sample, to which a selected amount fent is
dosed, to assess the activity of ammonium oxidibagteria (AOB) and nitrite oxidising bacteria (NDB
Influent acute toxicity is detected when biomadsviies are found to be significantly lower thaistiorical
values.

Simplified titration curves obtained according tee tfollowing procedure are reported in Fig. 2a,idgp
experimental data are reported in Fig. 2b.

The titration reactolRt is partially filled with the influent sample on wh the toxicity test has to be
performed. Then, activated sludge is withdrawn friimea SBR tank (normally at the end of the aerobic
phase) and loaded Rt (test time t = 0). A known amount of Y€l is dosed in order to ensure a non-
limiting ammonium concentration during the wholérification test. The aerator is switched on foshert
time (1-5 minutes) and titrants, NaOH angDy are dosed until set-point values are reachedpdtr pH
and DO. pH/DOstat titration starts when pH and @Omints have been reached (tg tStarting from ¢,
titrant volumes are recorded and the correspondimgulated curves can be drawn (Fig. 2a). Looking at
these curves, three or four phases with diffelignation rates can be observed.
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Figure 2a: Scheme of titration curves in MODE 1. Figure 2b: Actual titration curves : B2 and B3
are automatically detected.

The titration rate is highest initially (at tsdop), because all of the following processes occuukameously:
a) O, consumption/C@production by heterotrophic oxidation of the rbCOD
b) O, consumption/protons production by autotrophic amiom oxidation;
¢) O, consumption by autotrophic nitrite oxidation;
d) O, consumption/C@production by heterotrophic oxidation of slowlypbtegradable COD (sbCOD);
e) G, consumption/C@production by heterotrophic endogenous respiration

The value of tcop depends on the rbCOD content of the wastewatét.idf very low, it can happen that
twcon<tsp and the first bending point (Bcannot be observed, as it is the case showngnZB. For this
reason, a fixed time intervalt; is defined, according to the result of calibrattests, within which the
rbCOD is, normally, fully oxidised.

In the following phase (), titration rates are due to processes b) to b dystem can identify both
slopes (fo,ror and p ror) automatically and in real time at a given accyrac

Once these slopes have been calculated, a pecigtathp doses allylthiourea in the titration reagtetary),

in order to inhibit ammonium oxidizing bacteria (B A second bending point ¢Bis observed in both
titration curves. Later on, only processes c) tare)active and, therefore, can be titrated. Thgevaf fy eng
is now assessed, which includes endogenous heghatrrespiration and sbhCOD oxidation.

A third bending point on the hydrogen peroxideatitbn curve (B) could be detected, due to the complete
oxidation of nitrites. An algorithm tries to idefytithe bending point B Actually, if ammonium oxidation is
slower than nitrite oxidation, no nitrite build-wgcurs in the titration reactor. In this case,aBd B take
place almost simultaneously, making the detectfddsdmpossible. Therefore, a fixed time intervd) (e.g.
At, = 0.5%7y) is established, after which the system calcult#tesvalue of g0 .ng €ven if B has not been
detected.

By taking into account the stoichiometry of the twitrification reactions and from the two slopeg “r
[MLyandmin] of each titration curve, activities (ACT, [MNgxidized Ls.udge'l h'l]) of both ammonium and nitrite
oxidizing bacteria are calculated as follows:

(rpH,tot - rpH,end) (M NaOH [fstNaOH [60min/h

ACT(AOB) = 1)
( ) 0(T-20) wsludge
- [B2 IIM , (60min/h
ACT(NOB) = | (otot ~ooend) TgQ/ MMOT Moz DOMINVA_ acT(a0B) L, [t ()
9( ) wsludge f23t02

where:

fsivaon= 7 MgN/mmoINaOH  : stoichiometric factor (oxidatiof ammonium to nitrite);
flso2 = 3,42 mg@mgN-NH," : stoichiometric factor (oxidation of ammoniumrtitrite);
f2502 = 1,14 mg@mgN-NG, : stoichiometric factor (oxidation of nitrite tétrate);



T : test temperature in degrees Celsius;

6=1,08 : temperature compensation coefficient foifging bacteria (activity normalized at 20°C);
Mnaon : molarity of the NaOH titrant;

Mo, : molarity of the HO, titrant (in mmolGQ/mL);

Vsgge : Volume of sludge used for the test [L];

MoH,ton D0 ot - SlOPE of the cumulated NaOH#BL curve when rbCOD has been consumed,;

fonend - Slope of the cumulated NaOH curve when AOBvatgthas been inhibited;

l'boend - SlOpe of the cumulated,8, curve when heterotrophic respiration is the omiyva process.

Toxicity, which is the output of this procedure,eigaluated by comparing actual AOB and NOB actsiti
with their mean values, calculated in a numbet ‘©f previous tests and by taking into account the
variability of these mean values, expressed asficmgft of variation (CV, % ratio between the staral
deviation and the mean).

TOX (%)= ACTm‘Z"C' =

ACTmeasured D.OO (3)

mean

If TOX (%) > 1.2 CV(%), influent acute toxicity idiagnosed and an alarm is generated on the institisne
control panel.

Mode 3: Measurement of the nitrification capacity é the SBR, assessed in terms of oxidation rates of
both ammonium to nitrite and of nitrite to nitrate

Mode 3 is a pH/DO-stat test for the measurementmakimum activities of AOB and NOB which
characterize the nitrification capacity of the @ated sludge. In the case of an SBR plant this tfgest can

be performed at the end of the idle phase of th& $8actor, on sludge samples under endogenous
conditions. In the case of a continuous flow gystihe instrument can perform a pre-aeration pracedf

the sludge sample in order to ensure endogenoustioms. A simplified titration curve according moode 3

is reported in Fig. 3.

The sludge sample is loaded irRd At the beginning, the control routine brings pkrtdaDO to their set-
point values. Then, at timgy,ta known amount of NILI is dosed by a peristaltic pump to trigger the
nitrification process. Titration rates are then swad on-line @ oy o1t pH,end@Nd Boend IN Fig. 3).
Nitrification activities are calculated as in mdble
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Figure 3 - Scheme of a pH/DO-stat titration test in mode 3.



RESULTS AND DISCUSSIONS

Mode 1: First experimental results achieved on a @ sewage pilot SBR

Mode 1 is a pH/DOstat test that allows to deteet ghesence of toxic/inhibitory substances havingteac
effects on autotrophic biomasses, both nitrite @mdhonium oxidizing.

In Fig 4 we reported titration curves obtained watpH/DOstat test in mode 1 performed on the SB& pi
plant sludge with real sewage on the 3rd May, aba@iated data with a software dedicated application
Figure 4 is particularly interesting because ofghesence of NOB knee (i@, curve at 50 minutes) which
is not possible to detect in the majority of th@erxments.
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Figure 4 - Titration curves from mode 1 pH/DOstat £st on the 3rd May’05

From the middle of April '05 the TITAAN prototypehewed a sufficient robustness in the executioresf t
in mode 1. Therefore we started a periodic momtpiwf the SBR plant in terms of toxicity assessment
From 19" to 22 April a series of mode 1 tests were performed enSBR sludge. The first AOB activity
specific rates were measured with TITAAN and theyraported in Table 1: the values are the avefrage
pHstat and DOstat titration tests performed ondhme sludge and influent sample. To compare results
obtained from tests performed at different tempges, the activity rates are normalized at the tatpre

of 20° C in accordance to Eqg. 1, while SBR’s terapee fluctuated between 14° and 17° C.

We reported some problems with the TITAAN’s tempar@ control device in the existing configuratiét.
present the titrator is equipped with two air heagand an air cooler that can keep the temperatside the
instrument at the value set by the operator. Wemrapced that if the temperature of the solutioseswage
and sludge was sensitively lower (about 2° C oranthan the temperature in the titrator, the sofus
temperature rose very slowly to the upper valughése cases, we couldn’t deduce a reliable AOBigct
value from titration data because of the strongti@hship existing between bacterial activity and
temperature. Hence in Table 1 are reported onlyigcvalues obtained with tests in which the temgtere

in the titration reactor was almost constant duiing bioassayH 0.5° C). In the near future a system
working with aPeltier cell will equip the titration reactor, allowing a vequick heating or cooling of the
solution of sludge and sewage, therefore avoidimegproblem of an important temperature shift dutimg
experiment.



Table 1 — AOB activity measured with TITAAN prototype on real sewage (average from pHstat and DOstagdt)

AOB activity NOB activity Average sludge
DATE and TIME of tesf Test numbenormalized at 20°C| normalized at 20°C | temperature during

[mgN gVSS hl [mgN VSS h] the test [°C]
19/04/05 10:45 1 3.30 X 16.6
19/04/05 12:09 2 3.03 X 16.3
20/04/05 11:30 3 1.92 X 18.9
21/04/05 10:44 4 1.80 X 16.8
22/04/05 11:57 5 2.19 2.34 17.8
03/05/05 15:56 6 1.89 2.84 19.7

First of all we observed that reported values vieraccordance to lab-scale titration test activityasures
that we performed by means of a MARTINA titratoiitun the days immediately before the performante o
the above reported bioassay series with TITAANualkty the average value that we reported was of 2.9
mgN gVSS' h.

An important reduction of the nitrifying activity a8 reported during the 4 days of monitoring that we
performed. We can assume that the decrease ottivéyais due to the occasional presence of compisu
toxicant for autotrophs in the sewage. Anyhow, tiieed of the activity in Fig. 5 suggests that adged
inhibitory effect was reported.

Actually the SBR we use to test the titrator is feith real municipal sewage: this is adducted ® piot
reactor by means of the same hydraulic systemetipaips the municipal WWTP. In the morning of théhl9
April, the operators of the municipal WWTP divergad important flow from a sludge thickening bagin t
the inlet of the municipal plant, and as a consegegto the inlet of the pilot SBR too. It was fedsible to
estimate the amount of this flow because the werkeanaged the operation manually, without any
measuring device.

It is possible that the return flow from the sludbikening basin, typically marked by high nitrogeaded
and high concentration of slowly biodegradable coumals, had a detrimental effect on the sludgefyiitg
activity. On the basis of activity data reportedTiab. 1, we can suppose that the partial inhibibbrthe
autotrophic biomass lasted for at least three détgs the adduction of the return flow.

Mode 3: First experimental results achieved on a @ sewage pilot SBR for monitoring maximum
nitrification activity

pH-DO-stat tests have been performed with TITAANtptype, following the above reported procedure
named mode 3, to evaluate the maximum nitrificatee of the sludge and to understand the evolufon
the SBR autotrophic biomass activity (only for A@Bfirst). All experiments were performed under non
limiting oxygen concentrations (DOstat = 8 mfQ, pH = 8.3 and at the controlled temperatur@H°C.
Data are reported in Fig. 6 in terms of maximuncgjgenitrification activity (AOB), calculated asvarage
values from a pH-DO-stat test. Figure 6 shows titaification was very poor in December '04 (2.6 N
NH4 gvSS'h?), after that the plant operated continuously siAagust 2004 with nitrification efficiencies
in the range of 96-99% in terms of removal of thiguent's TKN. In the first days of 2005 we emptita:
reactor and we performed a new inoculum of sludgenfthe municipal WWTP with the aim to restore a
good nitrification process.

Few days after the restart with new sludge, theD@hstat test was repeated and the specific activity at

its lowest value, most probably because of the tmitperature (about 8°C) in the aeration basimeffll-
scale plant since November ‘04.

Tests were repeated periodically and allowed udetect the improvement of the nitrification procéss
time. The comparison with on-line and analyticatad@onfirmed that nitrification efficiency slowly
increased with time, according to the data repdotddw.
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Figure 6 - Maximum specific nitrification activity (AOB) for SBR sludge, estimated with on-line pH-DOstat
tests at 20.5°C

CONCLUSIONS

Process monitoring of a WWTP is strongly suggestednsure proper operation, especially if biolobica
nitrogen removal is to be achieved. An automatiedttir (TITAAN: TITrimetric Automated ANalyzer) has
been developed, capable to perform several ondisis aimed to assess both the activated sludgenonax
nitrifying activity and the influent toxicant effexcon autotrophic biomass.

Then, five set-point titration procedures (calledd®s) were defined for the monitoring of an SBRthe
present paper two of the procedures that can biéedpp any activated sludge WWTP are presentetien
details and the first experimental results are shdie periodic on-line estimate of the maximunnifying
activity (mode 3) allowed us to monitor efficientliye evolution of the autotrophic activity in aqtilscale
SBR fed with real municipal sewage, pointing o pnocess malfunction and, subsequently, its regove
We performed a series of determinations of théfyiitig activity of the sludge in the presence ofiafiuent
that contained slowly degradable matter and chamaed by extremely low redox potential (procedure
mode 1): the tests allowed to detect a decreatieeadctivity due to the presence of compounds &mitor
autotrophs in the sewage.

The automatic titrator allows to estimate both A@&I NOB activity rates (see Eq. 1 and 2), butlierftrst
field experiments reported above (both in mode d &hwe achieved reliable estimations only for AOB.
Tests are currently continuing and reliable datd@B activity rates will be soon available.

Data collected during the titration tests are auwiiorally elaborated by the master computer linketh w
TITAAN and results are stored in a permanent membhas to be stressed that TITAAN is a powerfuall t
in order to prevent faults in biological procesard to implement correct operational strategiefelisvs:

- mode 1 gives toxicity early warning that allows thgerator to divert part of the influent flow tcseorage
tank and/or to operate other countermeasures égldition of powdered activated carbon).

- modes 3 allows checking whether both autotrophipufaiions (AOB and NOB) are working at their
optimal rates. By looking at historical data, thEe@tor can check whether nitrite oxidation raéndr is
decreasing, leading to possible nitrite build-upd aonsequently can take adequate early counteanesas
to restore optimal conditions (i.e.: increasing theation of the aeration phase in batch systerdgoan
inoculate fresh fully nitrifying sludge).

A series of toxicity tests with typical toxican&ss(ATU and chlorophenol) has been planned to daihece

data on mode 1. The development on the field obther titration modalities is nowadays on the run.
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