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INTRODUCTION

Current legislation of effluent discharges from wastewater treatment plants is geared 1o enforce a
constant low level of pollutant dischargad, independen of seasonal variations of the capacity af the
receiving body or varjations in wastewater load that enters 2 (reatment plant. While some discussion
has been incited for a long time now' whether this policy should be maintained, i must be siressed
that the central goal of a treatment plant will always be (0 guarantee & ceriain ef fluent quality under
time-varving inlluent compositions.

When one considers the variation in the effluent concentration, a treatment plant can be reganded
as a lowpass filier where high frequency disturbances are dampened 4 However, this does not hold for
the required (reatment capacity that must follow the changes in incoming load closely to guarantes
stahle efffuent quality. From a process control and economic perspective it is therefore required rhat
the process conditions in which the biocatalysis perform their task are set 10 adjust to these varying
requirements. Feedback control of certain variablés is a traditional approach, e.g. dizsolved oxygen
control.’ However, certaln process time constants are 3o large that the delay beiween initiation of &
eonirol action and its effect on the plant may be prohibitively long to make feedback conirol success-
ful.* As an alicrnative for such systems feedforward conirol has been proposed, ™’ However, it is well-
known thal this type of control is sensitive to the quality of ihe process model.® Evidently fi s essential
i0 measure the disturbance that is considered important from & control poim of view.**

In this paper the measurement of probably the main disturbance variable of a3 wastewater treatment
plani is considered, i.e. the wasiewnier concentration, Chemical methods such as on-line COD and
TOC monitors that have been proposed for long’ 1o quantify the conceniration of pollutants in
influents suffer from several drawbacks.” Next 1o the problems associated with vulnerability of the
devices and the concomitant high maintenance requirements, the major flaw is that these methods
cannol give any information on the treatability of the pollutants. On the other hand, it must be
stressed that these methods can provide the dita at a high frequency. Traditional methods that rely on
the munituri:r:i[ of the biodegradation of the pollutants to obtain an indication of the treatability such
as the BOD,™'-method are clearly inapt to provide the necessary information for feedforward process
cantrol due to the large time delay between sample introduction and measurement result. However,
the principle of monitoring the oxygen uptake for assessment of the treatability and pollutant concen-
tration of a wastewater is & very powerful one, because most wastewaler (reatment processes rely on
acrobic degradation of the wasie. Therefore, methods have been proposed to decrease the response
time of these biologically medicated methods to such a level that application of the sensor dats within
control loops becomes feasible,

In this comrbution 1wo such— independenily developed —respirometric principies for the assess-
ment of the variations in influent conceniration are presented and experimentally compared. Comple-
mented with fow rate information it will be illustrated with some case stadies that interesting feed-
forward control strategies can be devised with this informartion.
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PRINCIPLES

In this section the basics of the two respiromerric principles thay are evaluaed further are presented.
The different approaches to caleulate the BOD, of the sumples are illustrated with simulated raw
davta.

Cremeral

The short-term Biochemical Oxygen Demand, BOD; is defined as the amount of eaygen consumed
for bindegradation of readily biodegradable pollutants per valume of wasiewater. In tradition respiro-
mieiri determination of wastewater pollutant concentration small amounis of biomass arc mixed with
i large wastewdter sample (typically S,/X; Is between 10 and 100 mg BOD,*/mg MLVSS), As a
result, importam growth is required before the available pollutants are degraded and possibly a lag
phase may occur where adapilation of the sludge 10 the pollutants takes place. Standardized proce-
dures: have been prescribed.® Important for the discussion of the BOD, methods is tha! normal
procedure imposes the addition of a nitrification inhibitor to the sample to measure only hetero-
trophic oxygen consumption. This is not true for the BOD,, methods. Consegquently, it can be
anticipated that pan of the BOD,, is due to nitrification oxygen demand.

To speed up their response time, the techniques for BOD,; determination are based on a low S/,
ratio (typically 1/2000, Thesz conditions are obtained by addition of & small aliquol of wWastewnter 1o
activated sludge mixed hgquor present in the test vessel, Therefore, the degradation time can be
reduced considerably (often lesa than 30 minuies) while no change in the concentration of the aeri-
varted sludge Is to be expected.? Because of this short experimentation time, it is also evideni that some
pollutants in the wastewater sample will not be degraded, i.e., only thi readily bindegradable fraction
Is measured.

Due 1o the incregsed respiration resulting from the high degradative capacity available in the test
vessel, problems may arise (o suffice the oxygen requirements of the sludge. Respirometric methods
that are based on measurement of the decrease of the initial amount of oxygen present in the mixed
liquor e.g.,""!" are severaly restricted because of the danger for oxygen limitation. As a result the
dynamic concentration range of such methods Is small, with maximum sample additions of 5 mg
BOD, /L mixed liquor, Maturally, aeration of the studge, as in the two methods presented below,
solves this problem.

In a samilar way (0 the convéntional methods, the consumption of oxygen |s monitored either
volumetrically using pressure transducers and CO, siripping'? or by specific oxygen sensing devices,
either in the liguid phase, i.e. dissolved oxygen (D) probes, or in the gas phase using fuel cells' or
paramagnetic oxygen analyzers.™ Clearly most respirometric methods that have been proposed rely
on (M) probes to monitor oxygen uptake.

Hardware

The configuration of both respirometric principles evaluated in this study is schematized in Figures
{ and 2. |n the first setup, a single vessel is used in which activated sludge from the ireatment plant is
brought into confact with wastewater samples. In the hardware implementation of this measuring
principle as used in this study (RODTOX, Kelma byvba, Niel, Belgium), the volume of this vessel is

Figure 1. Hardware one-vessel respiromeiric
principle. (1) test vessel; (2) aerator; (3)
mixer; (4) heating element; (5) pH probe;
(6) DO probe; (T) calibration mixtore
addition pump; (B) wasiewaler sample
addition pamp; (9 decanintion valve; (10)
sludge withdrawal valve; (11) fast loop; (12)
cross-Flow filter; (13) wastewsater.
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Figure 2. Hardware two-
vessel resplrometrc
-=L principle. For items
1-13, see capilon of

}‘3\9 m? Figure 1. (14) sludge
/ ..|

recycle pump; (15)
solenodd valves for
flow swiiching: {16)
respiration chamber;
17} mixlng pump.

16

[0 L. A heating elément maintaing the mived lguor temperature at the desired value, typically (and
also in this studv) ar 25 £ 0,1°C,

Maintaining a constant lemperature s impartant for proper estimation of the BOD,,. Opionally, o
pH control unit can be installed in case danger exists that the condition of the siudge is affected by pH
changes caused by cither sample concentration or metabolic activity. In this study, pH was maintained
at 7.3 = 0.1, The central part of this respirometer is the DO probe. Continuous supply of oxygen is
provided 1o accommodate the oxvgen demand of the activated sludge and keep the dissolved oxygen
concentration above 2 mg 0p/L. Two sample pumps can be started to inject either a sample of a
calibration mixture with known concentration or 8 wastewater sample that is obtained from o cross-
flow filter (0.5 mm pore size) installed in a fast loop from the influent line. Sludge can be withdrawn
from the bottom of the test vessel. Since samples are added (o the vessel, decantation of supernatant
after a settling period i required 10 maintain the volume of the mined liguor within reasonable limits,
Note that this hiurdware configuration will be denoted further as the one-vessel principle.

Ifi the hardware implementation of the other principle dudied (denoted Turther two-vessel pringi-
ple) {RA1000, Manotherm by, Rotterdam, The Metherlands), two vessels are used in the experimental
setup (Figure 2). In the first Aerated vessel (in the current investigation a 2 liter vessel), many similar
components as in the one=vessel principle can be recognized, ic., temperature and pH control units,
an aerator, iwo sample addition pumps, decantation and sludge withdrawal provisions. The monitor-
ing of the hiological oxygen consumption, while being bused on one and the same DO probe, is done
in a separate unit, the unaerated respiration chamber (with a volume of 0,75 L). Here lies the main
difference with the oneg-vessel principle. In the respiration chamber the oxygen uptake rate of the
activated sludge is obinined by measuring the decrease in dissolved onvgen as the result of the
retention in the chamber for a mean hydraulic retention time of (ypically 2 minutes. To be able (o
monitor this 0 decrease with only one probe —to reduce complexity and danger of changing probe
sensitivities (causing farge errors when small differences between the two signals exits)—a configura-
tion wais developed in which & single DO probe measures the dissolved axygen concentration in both
the inlet and the outlet flows ol the respiration chamber. To achieve this a four-value system s
imstalled which changes the flow direction through the chamber with a specified frequency, typically
twice per minute. The frequency of flow switching is limited by the response time of the DO probe.

Dissolved oaygen readings typically obtained upon sample injection to the activated sludge in the
aerated test vessels are given in Figures 3a and 4a, respectively. In the one-vessel principle the
intraduction of wastewater to endogenously respiring sctivated sludge results in an increased oxvgen
uptake rate that disturbs the steady state dissclved oxygen concentration, After some time, biodegra-
dation of pollutants is completed and DO returns Lo the sicady state level C, as the result of continu-
ous acration. The DO mass balance on which the BOD,, determination will be based is:

dc
= = K1 (€, ~ O - OUR,, - OUR (1

where the volumerric mass wansfer coefficient, Kya and the saturation dissolved oxygen concentra-
tion, C,, determine the oxygen supply rate. On the other hand, oxygen is removed from the mived
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Figure 3. Haw dats one-vessel principle: (0) Dissolved oxygen, (b) OUR,,,

liguor due 1o uptake for endogenous (OUR ) and exogenous respiration (OUR_ ). The steady state
dissolved oxyien level C_ is determined by the endogenous respiration only and con be deduced (rom
mass balance Equation | at steady siate:

OUR
C, = C,- —Aﬂ’—“'- 2)
LT

Substituting OUR,., from Equation 2 inte Equation | results in the dissolved oxygen mass balance
which will be used below:

Z—‘: = K;a (C, - €I - OUR,, (3

Since the OUR,, lime course is ceniral io the estimation of BOD,, one must be capable of
calculating this from Equation 3, Becavse C, and € in Equation 3 are measured or can be derived
casily from the DO readings (dC/dt), the only unknown left in Equation 3 is the K, a which must be
estimated from the raw data. Vanrolleghem'* developed methods to estimate Ko from the DO
prafiles obtained, based on the reaeration which occurs after biologically induced depletion of the
oxygen in the test vessel Figure 3B shows the OUR,, data calculated from the raw 20 ourput of
Figure 3a.

In the two-vessel principle, raw dissolved oxygen data as depicted in Figure 4a are oblained, The
uscillation is induced by the fact that the slectrode is subjected for a short period (typically 10 seconds)
1o the dissolved oxygen conceniration at the inlet of the respiration chamber and subsequently o the
outlet I {which is lower as the result of biological axypen consumption). Due to the sluggish
response of the probe (with & typical first order time constant of 10 seconds), a smooth transition
from the inlet to the outlet DO is obtained instead of the expected bang-bang type probe outpur,'®

For @ good understanding of the longer term DO evolution, the following mass balances must be
kept in mind. Dissalved axygen in the First vessel is governed by oxygen supply through aeration and

Bampl
|

Desscived Claygen (mg Oy

L8] (1] [ 4] ]

Tima (b} Tims {hj

Figure 4. Kaw dain two-vessel principle: (a) dissolved oxygen ot inlel and owtlet of respiration
chamber, and (b) OUR = OUR,,, + OUR, .
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biological oxygen uptake —as described in Equation | —but also by a mixed liguor flow F to and from
the respiration chamber:

P
e = K@ (G~ O~ OURy = Oy + + (€= C) @

where ¥ represents the volume of the test vessel and C,. the dissolved oxygen concentration in the
respiration chamber. The evolution of the latter concentration is described by the following mas
balanee over the respiration chamber:

aC,. F
g € - Co) - OUR i - OUR,, 5]

where ¥V stands for the volume of the respiration chamber, The dissolved oxygen concentrations
measured by the DO probe al infet and outles of the respiration chamber are therefore determined by
the set of differential Eguations 4-5 that must be solved simultaneously, However, since one is
primarily interssted in the binlogical oxygen uptake process for pollutant degradation, one must only
focus on the solution of the mass balance of the respiration chamber to obtain the respiration rate
{OUR,_, + DUR, ). This will be used subsaquently for BOD, determination. Figure 4b shows the

total OUR corresponding 1o the DO data set of Figure 4A. One easily recognizes the constant OUR 4
level.

Mote that the mass balance Equation 4 predicts that the dissolved oxygen time profiles measured at
the inlet of the respiration chamber highly resembles the 2O profile of the one-vessel principle, This is
ubso evident from the raw data depicted in Figures 3a and 4a, Thus, the interpretation of the one-
vessel principle could alko be applied (after some minor modificadons) 1o the pwo-vessel based
neasuremenis,

0D, Determination

The BOD,, is the amount of oxygen consumed for hisdegradation of pollutants, or in mathematical
mms:

tfin
BOD, = I OUR,(ndt (6}
i

This tfim is defined as the time needed to return to the endogenous respiration rate dfter sample
ection.

The BOD,, in case of the one-vessel principle can be obtained by integration over the DO profile
ih o length of ifin minutes), i.e.,

tfin tfim Lfin
j dc = 5 Kia (C, - Clridi — j OUR (1t M
4] 1] 1]

dnce Kpa can be assumed constant within this shor tme interval:

tfim (fin
C10) - Clifin) = Ko j (€, ~ Cudr - | OUR (e ()
0 ]

smuse the dissolved oxygen concentration ai the beginning and the end of & BOD,, derermination

ie same, and the laper integral of Equation § is, by definition (Equation 6), equal o the BOD,
an wrile:

Ifin

BODS™ = Ka ! fiC, = Cle)yir %
0

aher words, the BOD, "™ is cqual to the area of the dissolved oxygen profile multiplied by &
e, the volumeiric mass iransfer coefficient.
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To eliminate problems associnted with the determination of K &, one may rake advantage of a
calibration mixtare (with a known concentration) o relate the wasie coneentration in an unknown
with the calibration wasie content !

A
BOD!, = A—c;-m,:ﬂ?-' {10)

L)

where AY and A" gre the Htegrils of the DO profiles of the unknown and calibration sample
respectively. In this way Kja has been eliminated from the calculations. One must keep in mind,
however, thit K, a changes may affect the BOD,, determinations. These changes are, however, rare
and can be anticipated by regular injection of the calibration mixiure. In the implementation of this
principle, this is tvpically done every 2 1o 4 hours because these calibrations form the basis of the
1oxicity detection principie included in this implementation.'” However, in this paper, this approach
was not followed, Le., all BOD,, determinations reported were obtalned from Equation 9.

Evidently, the BOD, of the injected sample is deduced from:

¥ -
BODSme — _Bmde . poptieid (i
L=t

In the two-vessel approach, the calculations are even more stratghifoward, Here, the definition® can
be applied immediately, althoupgh one must subtraet the endogenous respiration OUR_, From the
measured total respiration rate to obtain the exogenous oxygen uptake rate OUR,,. Taking the
integral then gives the short-term BOD of the injected sample.

The respiromeiric methods with bulli-in oxygen supply have an inherenily large dyvnamic range of
typically, 5 1o 100 mg BOD,, supplied per liter activated sludge in the test vessel. Injections of &
volume of wastewater that results in such additions allow reliable BOD,, determinations. This amount
of pollutants can be present in different sampie volumes, depending on the pollutant concentration of
the sample. In the hardware implementstions, it s possible to awtomatically adjust the injected
volume of sample. For instance, with the precision membrane pumps installed in the one-vessel
implementation used in this study, a volumetnic range of 2 to 300 mL can be applicd to the 10 liter test
vessel, Consequently, the range of sample waste concentrations that can be assessed increases consid-
erably. Finally, Vanrolleghem et al."® showed that manipulation of the mass transfer efficiency in the
nerated test véssel can increase the measurable concentration range with another factor 10. An overall
concentration range between 10 and 300000 mg BOD,, /L wastewater is achieved in these sensors,

RESULTS

A study was set up to compare both principles for the determination of the BOD,,, In this investiga-
tion, both respirometers were broughl to the same site and experiments were done with identical
sludge sources and identical wastewater samples for both principles. To prevent errors due (o sample
pumping (i this way ensuring thal the fundamentals are compared), all sample additions were done
manually using graduated cylinders. It was checked whether temperature and pH Jevels were identical
for both setups.

The sludge and wastewater sources used in the evaluation were the Tollowing. Sludge and waste-
water were sampled at the municipal wastewater trentment plant of Bennekom (the Netherlands). A
treatment works with a large industrial input was also included, 1.e. the Ossemeersen (Gent, Belgium),
Finally, a facility was considered that predominantly treats hospital wasiewater, the Maria Middelares
plant, also at Gent. All planis are nitrifying, although the Ossemeersen plant only partially, For each
plant sludge and presettled influent was collected and stored, for a max. of 2 days a1 47°C, before use,
Care was taken thas sludges and wastewaters were applicd = identical time instants to preclude any
effect due 1o a difference in siorage conditions. Each activated sludge tvpe was used during one day
and was supplied with wastewnter samples from the three sources. Three injections of different
volumes were done for each wasiewater. The sequence of application and the amounis injected per
volume of sludge were identical for both principles tested, 1o eliminate effects due 1o the history of the
sludge.

Raw [huta
Typical raw data collecied with the injection of Bennekom wasiewaier 10 Ossemeersen sludge are

given in Figures 5 and 6, for the one-vessel and two-vessel principle respectively, One observes the high
resemblance between both OUR data sers.
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Figure 5. One-vessel principle: DO (lefi) and OUR_ -profiles {right} for an injection of
Bennekom wastewaler (o Ossemeenien slodge,

The mean BOD,, and the standard deviation obtained from the three injections for sach combina-
tion af wastewater and studge are summarized in Table |. These data have been used in the siatistical
amalysis presented in Table 1. A1 this stage note that the multiple factor analysis of variance provides
an estimate of the measuring error which is found to be lower than 10 mg BOD, /L, corresponding
with & relative measuring error of 3%, Such low measuring errors will allow one 1o make sensiiive
evaluations of differemt effects 10 which the measurement is subjected,

The wet analvsis of the wastewater samples is also included in Table |. One observes the high solids
content of all samples, especially the Ossemeersen influent,
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Figure 6.  Two-vessel principle: () in and DO ont of the respiration chamber {lefi) and OUR-
profiles (right) for an injection of BENNEKOM wastewater to (ssemeersen sludge
DO+ OUR).
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Table 1. BOD, und Other Wastewaler Charucteristics for the 3 Types of Wastewsters Tesied,
BOD,, Concentrutions Are Given as the Mean Value + Standard Devisiion for Boih

Respirometric Principles nnd Respective Sludge Types

Sensor Sludge Wastewater

Principle Source Be MM s
One vessel Re g+ 10 146+ 5 Bl + 2
Two vissel 296 £ 14 13z 7 58+ 3
One vessel MM it 9 1s8x % 76+ 3
Two vessel s+ 8 126+ & [ |
One vessel o M £ 9 185 + 9 T5 &£ 2
Two vessel " 329 % 11 147 % 12 6 + 3

BODy 1148 2l 165

Con 455 650 715

COD{45) 23 312 a4

KjN 87 9 IR

NHN 77 30 24

58 187 nT 633

SO0 45) is the COD conient of a sample after filiration with a .45 gm membrane filier,

Comparison of Both Principles

Amnalysis of Table | shows that both measuring principles give roughly the same BOD,; of the
wastewaiers. The difference found between the two principles is, however, highly significani (Table
11). Several possible causes for this deviation were considered. First, a thorough check was made on
the experimental conditions and the volumes of sludge and wastewater applied. A second possibility is
that the DO probes were not calibrated exactly in the same way, Indeed, the slopg of the DO
calibration has a direct effect on the calculated BOD,,. Note that a wrong intercept of the DO probe
calibration has no effect becanse in the calculations only differences between DO readings are used, A
third potential renson for the difference in BOD,, estimates is that a difference in mass transfer
characteristics in the aersied vessels of both principles leads 1o a differénce in siripped pollutants
which, subsequently, would result in a difference in BOD,,. A systematic error in the estimation of the
Ky 4 in the one-vessel principle may also be at the basis of the discropancy. Note that BOD,, estimation
using the calibration mixture approach (Equation 10) solves this problem. Another possible cause that
was considered i the difference in sampling frequency in bath principles. However, some caloulstions
showed that its effect, though in the same direction (lower BOT,; for lower sampling freguencies),
was nat sufficient to account lor the observed difference. Finally, because sach respirometer was
operated separately by one and the same person during the experiments, it 15 evident that the experi-
ment was not completely randomized. This might have resulied in the observed difference.

It ks concluded that some further study is reguired in which atientlon is focused on these issues,
especially the DO meter calibration, the Kya estimation and the randomization of the experiment,
Another possibility would be 1o reevaluate the available raw DO data obtained at the inlel of the
respiration chamber according 1o the one-vessel principle after a slight modification of the mass
balance with a flow term (o the respiration chamber (Equation 4), Owerall, howsver, one should take

Table 1. Multiple Factor ANOVA of the Collected BOD,, Duta Sel

Factor SumSquar df  Varimnce  Fovalue  Fyy. Fyoe  Level
Apparatus 5460.2 | 34602 636 4.13 7.42 -
Sludge 12871 2 1643.6 19.1 39 3.28 =
Water : S80643.6 2 200321 8 31380.2 129 5.28 -
Interaction A xS 101 2 5.1 0.1 329 5.28
Intersction A =W 4943 2 472 .9 3.9 5.28
Interaction 5 x W 1889.7 4 447.5 4.8 1.65 39 -
Interaction A x5 WS 673.9 4 164.5 2.0 2.63 19

Error 30810 36 LAR

SETOT 505550.9 Lk
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into account that the comparison of respirometric principles has been very sensitive, in view of the
very low measuring error which allows that effects of about 10%: can be extracied from the experi-
mental data.

From the standard deviations reported in Table [, it can be deduced that for the cxperiments
presented here, the two-vessel principle is stightly less precive than the one-vessel principle. A possible
couse may be the lower measuring requency (10 seconds v, | minute sampling period), and the
copcomitantly smaller OUR,, dista set (typically 20 versus 120 OUR,, data points, see Figure § and 6).
Also, onc observes 4 slight tndency of errors being proportional to the measured BOD,, level,

frflence of Studge Type

It was expected thai adaptation of sludge 1o a wastewater would lead 1o a higher biodegradability of
the pallutanis present o an influent taken al the same works as the sludge is taken from. This would
miean that the BOD,, contents of the diagonal in Table | would be significantly higher than the other
estimates. Mo such effect can be observed, Rather, one observes that the Ossemeersen sludge degraded
mre pollutants in the Bennekom and Maria Middelares wastewater than their respective sludge, while
in thie caste of the Cssemesrsen wastewater, all sludges degrade the same amount of pollutanis, The
Maria Middelares and Bennekom sludges possess similar degradative capacities,

Table 11 also suggests an interaction effect between the factors wastewater and activated sludge

LAXWY: i.e. the effect of the factor sctivated sludge on the BOD,, is nod constant bul depends on the
factor wastewater, This Is exactly as discussed above,

Comparison with Traditional Methods

The data summarized in Table 1 allow one 10 deduce that ihe BOD, does not correlate with the
BOD, content of wastewaters. This has been observed before, It is particularly because nitrification
oxygen demand |5 not included in the BOD, methad while being included in the BOD,, determination.
Indeed, the correlation between the lntier waste characteristic and the ammonia content i striking.

Excepi for the high correlation berween suspended solids and the non-soluble COD fraction, ie.,
COD-COD (.45, no distinct relations can be deduced among the differemt wet chemistry data.
Clearly, all wasiewater characteristics provide different information concerning the wasiewater. It is
the opinion of the authors that the BOD,, is the most appropriate variable for feedforward control of
waslewnler (resiment plants since it guantifies the smount of oxygen that will be consumed within the
wastewater retention time in the treatment plant,

Pracitcal lmplemeniaiion

Thres examples are given of the implementation of these respirometfic prnciples in a tresiment
works.

The first illustration of Figure 7 is one week BOD,, dota set recorded ar the Maria Middelares
hosplial wasiewater treatment plani. One observes the daily variations In influent waste concentra-
thon. This istypical for hospital wastewaters: high loads mt daytime when staff is present and very low
wasie content at night, From the data one can also deduce the reduced pollutant concentration during
weekends. It is important to note that the principles presented allow one (0 cover this BOD,, range.

‘Weakend
g
g
Figure 7. Ome week inlMuenl BOD,
= data obiained with the one-vessel
WoOow @ Iype respirometer al the Maria

Middelares hospital wastewarer
treatment plant, ™
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As an example of the implementation of such respirometers al an industrial site, the treatment
works of Degussa Antwerp is taken. Figure § summarizes the wastewater treatment facility for the
different production plants operating at this factory of specialty chemicals. The wastewater s col-
fecied through two different channels, one of which transports o wastewater with approximately
constani concentration to the treatment factlity. On this supply route a buffer tank is installed [0
equalize load variations to the treatment process.

A first ome-vessel type respirometer was installed in mid-1991 at the effluent of the primary seutles
{ivern 16 in Figure 8). Large variations in the BOD,, occur (1200 £ 630 mg O,/L, n= 1808 over a seven
week period) which can be correlated with changes in the batch productions eccurring In the firm,

With this respirometer many lab-iype tests were performed for treatability and toxicity evaluation
of new wastewaters ot Degussa Antwerp. This resulted in periodic interruptions of the on-line moni-
toring of the input wastewater, To sustain the online monitoring of the influent BOD,,, a second
respiromeler was implemented in the beginning of 1993 (item 17 in Figure 8). [t was situated upstream
of the equalization basin because this could lead to 2n improvement of the load variation control
syatern and would assist in early toxicity detection. Al present, studies are going on. to use the
information provided by both sensors for feed forward control of the pumping from the DOC buffer
tank {item | in Figure 8) 1o minimize load variations and cconomize on energy costs.

Figure 9 shows the application of the two-vessel principle as a verification for an aliermative BOD,,
measurement technique ' In this technique the ROD,, is estimnted from the transients betwesn 1wo
modes of respiration measurement @l a pilot plami (reating municipal wastewater (rom Bennekom.

Figure 8, Flow scheme of (he waterwaier (reatment plant of Degusss Antwerp. (1) COD buffer
tank; (1) equalization basin: (3) pH contral equipment; (4) primary clurifier; (5) p-dosing anit:
(6) pumping station; (7) acration basing (8) secondary clarifier; (%) effluent tank; (10} sludge
ihickener; (11} FeCly/CaiCO, dosing anit: (12) sludge conditioning; (13) sludge buffer tank;
(14} sludge filier press; (15) calamily basin; {16} respirometer 17 (17) respirometer 2

=
d
(= ]
E
e
E Figure 9. BOD of
1 measurcmenis
Bennekom influent according 10
= s - . the principle described in this
i 2 2 5 A :w iwlll:! ;-b::r verification of

Tima (k) measurement [line].
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The principle described in this paper was used 1o verify the estimated BOD,, al arbitrary time instants.
The figure shows a good agreement between the (wo messurement technigues.

CONCLUSIONS

Both respirometric principles cun be used to determine the BOD,, of different types of wastewater.
The respirometers based on these principles ean determine the BOD,, with a relative messuring error
of 5%y, However, a significant difference of 10% exists between the BOD,; values of both principles.
A suitable explanation can not be provided vet and it is suggested one partly repeat the comparison
with special emphisis on the behavior of the DO micters, the KLa estimation and the randomization of
(he experimental setup. In addition, application of the one-vessel principle on the Iwo-veésse] data may
be a means of explaining the difference. Both meters are suitable for implementation ot full-scale
industrial setivated sludge plants, as ilusirated with three cases.
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