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Abstract: In Korea, more tha®0% of municipalwastewater treatment plants (WWTPSs)
with capacites of 500 nt-d'! or more arecapable of removing nitrogenom wastewater
through biological nitrification and denitrification processi®rmally, thesebiological
processs show excellent performandritif a toxic chemicais presenin the influentto a
WWTP, thebiological proceses(especially the nitrification procesgmay be affectecand
fail to functionnormaly; nitrifying bacteriaareknownvery vulnerableto toxic substance
Then, thetoxic compoundas well aghe nitrogenin wastewatemay be discharged inta
receivingwater bog without any proper treatmeri¥loreover, itmay takesignificanttime
for the process to retutvackits normal stateln this study a DO- and pHbased strategy
to identify potential nitrification inhibition was developedo detectearly the inflow of
toxic compounds to a biologicaltnbgen removal processhis strategy utilizesignificant
changesbservedn theoxygenuptakerate andhe pH profiles of the mixed liquor Wwen
the activity of nitrifying bacteria is inhibitedUsing the strategy, th@oxicity from test
wastewater with2.5 mgL'* Hg?*, 0.5 mgL'* allythiourea or 0.25 mg."* chloroform
could be successfullgetected

Keywords: nitrification inhibition; pH; DO; early warning system biological nitrogen
removal processes
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1. Introduction

In order to protect nationakatersfrom unwanted algae bloomingtringent regulatiamon the
water quality ofthe effluent from wastewater treatment pla(®VWTPs) has beermmposedin Koreg
especially the regulation on the nitrogen levels is getting stridtepractice hereis no realisticway
to purify huge amoustof wastewater without the aid ehicroorganismsife., activated sludge).
In fact, all 470 WWTPswith a capacity of 500 rhd'* or morein Koreautilize the activated sludge
process for treating wastewaijét.

In urban areaghe joint treatmenof industrial wastewater and domestic wastewst@ommonly
practiced[2]. Therefore,there existsa potentialrisk thattoxic substancesncluding heavy metals,
organic compounds, and nanoparticbeslld be released &m an industry to a WWTP via various
routes e.g.,intentional or unintentionapills, andleaking pipeg43]. Also, during a storm, a number of
toxic chemicals on the surface of urban am@nflow into a WWTP via storm runoff especiallyin a
combined seweservicearea about 8% of Metropolitan Seoul is provided with combined sewer
service[4]. Elsewhereit has been reported thdb 60% of Swedish WWTB were found tareceive
wastewater aataining inhibitory substancgs].

In a nitrogen removal proceskeg nitrification step in whichammoniain wastewater is oxidizeth
nitrate by autotrophk nitrifiers is essential since it is the perquisite to denitrification in which
nitrate producedfrom nitrification is reduced to Ngas which is ultimatelyremoved from water
These nitrifying bacteria are characterizedby two distinct properties slow growth rate and
vulnerahlity to toxic compounds[5,6]. Therefore, if the nitrifying bacteria are exposed to toxic
compounds, they easily lose thability to oxidizeammoniain water Moreover, it takes considerable
time for the autotrophic nitrifying bacteria to return to their normal statepaong to hetrotrophic
organicoxidizing bacterig7].

Thereforea screening method for influent wastewater to identify toxiceatty should be prepared
to takea preventiveactionfor minimizing adverse effects caused by the toxicants on the main process
(i.e., acivated sludge process) @WWTP. A number of technologies have been proposeddntify
up<ets of nitrifying bacteriaby toxinsin a WWTP; for examplesrespirometry{71 9], titrimetry [10],
off-gas measuremeifitl,12] and bioluminescencfl3]. Some of thetechnologiesare based oma
bioreactor withspecific micrdial speciesand analyze the result of thenicrobial reaction with
wastewateffed into the bioreactor Thesetechnologies oftemequirea veryextensivecalibration step
but arestill very sensitiveto operational and environmentabnditions such awatertemperaturepH,
and the amount ofitnogen in wastewateecause they are very dependent on the absolute values
presented by sensorBherefore, sometimes they function abnormaihces the charactestics of the
wastewatersentto a WWTP are oftervery complexand variable In order to more appropriately
screen wastewater containingrification-inhibiting substancesamicrobial senmg system utilizinga
mixed culture (e.gactivatedsludgg with nitrifying bacteria would be bettéhan the one using a pure
culture[14]. In addition, astrategy to identify anyeduction in theactivity of the nitrifying bacteria
without relying on absolute values of signals from sensioositl bedeveloped.

Under normal conditios) nitrifiers consumenore oxygen to oxidizeNH," to NO; or NO;' than
heterotrophs do to oxidize organics to £Mus,4.2 mg oxygen is required for oxidizing 1 mg NH
while about 0.5 mg oxygen is consumed for oxidizing 1 mg org@b&jsin addition, the nitrification
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rate issofastthat the oxygen consumption rate over time.,(dDO/dt) is also fastTherefore,for a

given wastewater, dDO/dt of activated sludge with nitrifying bacteria is steeper than the one without
nitrifying bacteria.ln fact, the oxygen consumption rat@lso called oxygen uptake rate (OYRas

been utilized for directly assessing the attiof nitrifying activated sludg§l6]. Once theactivity of
nitrifying bacteriais inhibited and it lead to decreastoxygen consumption raia the systenj17].

In fact, ®veral technologies such #ge NITRIification tOXicity testerNITROX, [18]) and selective
nitrification inhibitor addition respirometrj19] have beerapplied to detechitrification inhibition.
Sincethese methoddistinguish the oxygen uptak®y nitrifying bacteria fronthat by total sludge a
nitrification inhibitor should beadded Therefore these technologies require exéguipmento inject
anitrification inhibitorinto test wastewaters.

Practically speakinggxygenconsumptiorby nitrification processsaccounts for approximately 40%
of the total oxygen demand an advanced WWTR0]. Reducednitrifier activity will clearly affect
the oxygen consumption rabé the total activated sludgtherefore jf the activated sludge is enriched
with nitrifying bacteria[21]. This means that distinction between the oxygetake by the nitrifiers
and thetotal activated sludgene may not be necessary to screen wastewater for potential toxicity.

The nitrification process consumes system alkalinitherefore,the system pH can be lowered
during nitrification of wastewateammonia However, if the nitrificatioris terminated, the system pH
can be slightly increased due to the ammonificationomfanic nitrogen, resulting in a distinct
inflection point(i.e., dpH/dt = 0)on the pH profile bthe systemthis inflection point has been called
iammoni aAVW42R]l Fery e a dbettersudiderstanding, the pH profile of ewermittently
aeratingactivatedsludgeprocess for nitrogen removaduring aerobic cycles provided along with
NH," concentration in Figure 1n this figure, when the oxidation of NAis completed a valley can be
drawn on the pH profildf nitrifiers are inhibited, the occurrence of the AV on the pH profile will be
delayed or will not be detected at alll.

Figure 1.pH and NH' profiles during nitrification
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In fact, the AV has been utilized by others to controla®eationof intermittently aerating activated
sludge systems [23]. However, the inflectmint on the pH profile has not been utilized for screening
wastewater to early identify the present of toxi@gusing substances$n this study,therefore
aDO- and pHbased strategy to identify potentratrification inhibitionwas developetb detectealy
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the inflow oftoxic compounds to a biological nitrogen removal procbs$ore the process completely
fails. Using the data collected from reactorequippedwith a DO probe during the nitrification,
dDO/dt wascalculated while using the ones from thether reactor, the time for the AV.€,,
dpH/dt = 0) to occur on the pH profile was calculafealsimplify calculaton of therespiration ratef

the activated sludg¢he respirometic measurement was carriedunderstatic gas conditias) which

is referred to asa closed respirometgR0,24] The feasibility of the strategy was first evaluated by
performing experiments in a batch mode with togleemicals.Then, asequencing batch reactor
type toxicity detector was built tacontinuously screen wastewater for the presence of potential
inhibition-causingsubstances.

In this study, three chemical§.e, Hg?*, allythiourea (ATU), and CHG) were used as
toxicity- causing substancedJrban storm waterrunoff may contain heavy metals,solvents
hydrocarbos, andother toxic chemicalf26]. Sources of heavy metals in runoff could be automsbile
or industrialplants.Heavy metals could be detected toppm leves in urban storm wat€7]. It is
true that the detection of mercury at higgncentration fronstormwater runoffs is not commdi28],
but it might be detecteth runoff from area wherethe metal finishing industrieare located29].
Furthermore, since mercury is considered as one of the most toxic heavy metals to microofg@hisms
exposureof activated sludgéo the metal should be avoidetherefore, mercury was selected as a test
toxicant inthis study Since allythioureas typically usedo preventitrification from occurringin a
BOD:s test [25], it was selected as a test toxicant in this stu@Cl; also has beeiknown asa
nitrification inhibitor [31], therefore, it waselected lng with othertoxicantsin this stug.

Since the strategy proposed in this sttmlygcreen wastewater for potential toxicity to nitrifiers is
based on the dDO/dt and dpH/dt profiles obtained during nitrification, it is not affextelby the
shift in absolute valuesbtainedirom eachsensor.

2. Material and Methods
2.1. ActivatedSudge andWastewater

The activated sludge used in this studgs procured fromthe aeration basin o pilot scale
aerobieanoxicoxic system of 50 rhd' * operated in docal advancedWWTP. Onceit was collected,
the activated sludge was transported to the laboraidrgn, moisturized air was supplied to the
activated sludge famore than 3 h in order to oxidizay remaining organics and ammonkster the
pretreatment, the activated sludge was trarefietotwo 4 L batch react@. A DO probe was installed
on the one of the reactors and a ptdbewasinstalledon the otherThe temperaturef the reactors
was carefully maintainedat 25 £ 1 °C sincethe activity ofnitrifying bacteriais affected bychangs
in temperature.

The effluent from aprimary sedimentation basin of the pilot plant was uastestwastewaterto
which a toxicantwas addedThe generalcharacteistics of the wastewateri(e., COD, TKN, NH,",
NO3' , and alkalinity) andactivated sludgei.e., mixed liquor volatile suspended soliddlVSS) are
summarized in Table. All the parameters were dgaedaccordingto the Standard Method25].
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Table 1.Characteristics of wastewater and activated sludge used.

Parameters Concentrations
Wastewater
COD, mgL'"* 220+ 105
TKN, mgL™ 38.9+7.5
NH,"-N, mgL"* 24.5+2.9
NO; -N, mgL™ 1.0+ 0.3

Alkalinity, mg CaCQ-L"* 180+ 10
Activated sludge
MLVSS, mgA'* 2,100+ 150

2.2. ToxicantsApplied in This Sty

To evaluatehe feadbility of the proposed strategthreetoxic chemicalswere arbitrarily selected
They are H§" (as HgC}), ATU (CsHsNS), and chloroform (CHG). The selected test toxicanté
analytical gradevere purchased fro@igmaAldrich (St. Louis,MO, USA). Firstly, a stock solution of
each selectedhemicalwas made andtoredunderi 20 °C until used Whenever needed, trstock
solution was diluted tocan appropriateconcentration with deionized watefable 2 shows the
concentratiorlevelsof each toxtant appliedn this studyalong with published concentrations causing
inhibition to activated sludge.

Table 2. Concentrations abxicarts applied in this study

Toxic chemicals Concentrations in reactor (mgh'")  Published inhibitory concentrations (mgA ')

Hg** 0 1.25 2.5 5.0 5 for activated sludge [32
ATU 0 0.25 0.5 0.75 0.2 5.5 for activated sludg8§]
CHCl, 0 0.25 0.75 195 500 for activated sludg&4]

0.48 forNitrosomonasp[35]

2.3. DataacquisitionandFiltering

Changes in the OUR and the pH profiles of theeactos with nitrifying activated sludgevere
monitoredusinga DO probe (DG350L, istek,Incheon Korea) anda pH probe (HA 408DXK-S8,
Mettler Toledo,Zurich, Switzerland. Both sensorsvere connectetb a dataacquisitionand control
(DAC) module (NI cDAQ9172, National Instrumenfustin, TX, USA). The visualization of signals
from the sensors and the DAC module, and the nitriboatnhibition detectiorwere madeusing a
graphicuser interfacelevelopment environmefitabVIEW 8.2, National Instrumenjs

Normally, he signalsfrom the DO and the pH probesntain concomitant noiseSherefore,it is
hard to draw their true profiles. Thereafter,a moving-average digital filter wasmplementedfor
smoothingdatafrom sensorgEquation (1)). The pH and DO of reactorswere collected10 times a
second and they were averaged ev@@ s 200 data II*) were averaged to produce one dabant.
Then, the derivatives of thepH and DO (e. dpH/dt and dDO/dt) were calculatezhce every
1 min[22], since the biological reaction ditbt change spontaneously
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whereN* is the number of past data points that are being averaged.
2.4. Batch Assay Expements

In the beginning3 L of nitrifying activated sludge wdsled into each of two 5 Lreactorgworking
volume: 4 L) Then 1 L wastewater wasdded toeach reactorOnce wastewater wasdded the
aeratorfor each reactowas turned on to provide aiin the case of the reactor with the DO probe
installed, the reactoDO wasinitially increasedup to 7 m@L'*. Then, the aerator was turned off to
monitor the DO profileand calculate dDQit (or OUR) during the a-off period the liquid of the
reactor was slowly mixed using a magneiicrer for keepinghe sludgen suspesion. If the reactor
DO waslower than3 mgL'?, then the aerator wasrnedon againto increase the DO to 7 rid ™.
While the reactor DO was raised to 7.00ld, the OURwas notcalculatedIn the case of the reactor
with the pH probeinstalled,the reactor pHwas monitored to calculate dfH and to identify the
inflection point {.e., AV or dpH/dt = 0) on the pH profile during the aeration

During each batch assay experimemn80 mL mixed liquor amgde wascollectedonce every 20 min
directly from the reactorwith the pH probe installedrhen NH," concentration of the samples was
analyzedo demonstratéhe relation betweethe pH profile andNH," oxidation by nitrifiersduring the
air-on time[22].

2.5. Detection ofNitrification Inhibition in Sequencing Batch Reactor Tyipetector

After the batch bioassay experimerdspxicity detectorwas builtin order to continuously screen
wastewater for the presence of a potential toxi¢aigure 2). The pxicity detector consisted d#o
reactorswith a working volumeof 3 L each peristaltic pumps, air diffusermagnetic stirrersa pH
probe, aDO probea DAC module, anc&nIBM-compatible PCFeeding and drainintgestwastevater,
turning air on/off, turning a mixer on/off collecting signals from the DO and psknsorsand
calculatingthe derivatives of theDO and pHprofiles for detectingthe presence of toxicantvere
realized withthe DAC module and a program coded with LabVIEW 8.2

Each of the twaeactors was filled with 2.7 L activated sludge, which had been procured from the
same pilot plant mentioned above. As in the case of the batch assay, changes on the pH and D(
profiles drawn during nitrification were monitored detect the inhibitiorio the activity ofnitrifiers.

A programlogic for screening wastewater to identify the presence of potdokadans is presented
in Figure3.

In case of the reactor with a pH probe, initially 300 mbhstewater(10% of the total reactor
working volumg was added. The amount of sample provided to the toxicity detector was minimized to
reduce the Nl concentration in the reactor and to more rapidly deteciAteon the pH profile.

Once the feeding of wastewater was completed, air was supplied to malmareactor DO at

4.0 mgL"". Then, the reactor pH was monitored to calculate dpH/dt for identifying the AV on the pH
profile (i.e. the termination of nitrification). Once the AV was detected, the activated sludge was
allowed to settle down and the supernatant was removed from the top of the reactor. The new
wastewater was then added to the reactor for the next run (Figure 3)tithéhelapsed to detect the
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AV in the current measurement was 10% longer than the one of the previous measurement, the PC
issued a warning.

Figure 2. Schematic diagram of toxicity detectosed in this study(l) decanhg ling

(2) feeding line (3) sludye wasting pump; (4) airdiffuser, (5) mixer; (6) DO probe;
(7) pH probe; (8) personal computer

Data Acquisition and Control Module |
- _

Figure 3. Proposed logic flow to detect toxicipAV ,: AV detection time in current cycle,
AV 1. AV detection time in previous cygle

| Intake wastewater |

}

| Turn on air blower |

Read pH Read DO [
A 4
Calculate dpH/at DO values = Tmg/L
moving average Yes
| Turn off air blower |

Detect AV

Read dDO/dt
Calculate OUR

OUR, < 80% *OUR,?
Yes No

| Decant tested water |

AV, > 110% * AV, .7
No Yes

In case of theeactor with a DO probe, tlexygen uptakéy the activated sludge was monitored to
calculate the OUR. If the calculated OUR was 20% or more lower than the one determined in the
previous measurement, the PC issued a warning for the inflow of potentearitsxi
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3. Results and Discussion
3.1. Bioassay €sts inBatch Mbde

Batch assay tests were perfornauithe effectsof the toxicantgi.e., Hg?*, ATU, and CHCI) on
thenitrification processvere evaluated by monitoring the pH and DO profilgring the nitrification
in generalthe system pH firstlecreaseslue to theH" from nitrification processHowever, if the
nitrification is completedthe pH increaseagain viaammonification producinga local minimum
(i.e., AV) on the pH profile(Figure4(ai c)) [22].

Figure 4. pH and NH* profiles during nitrification in presence af)(Hg**, (b) ATU, and
(c) CHCl. Air turnedon at time 10 min.
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Under normal conditions, th&V on the pH profile could be identified easily within less than an
hour. However, if the activity of nitrifiers was negatively affected, the time for the AV detection could
be prolongedFigure4 demonstrates that the ending time of nitrification and the #tapsed to detect
the AV on the pH profileare identical. h this specific experiment, the nitrification was complete
within 40i 50 min after theaerationwas initiated; the completion of the nitrification is characterized by
the AV on the pH profileln fact, the time for the AV occurrence on the pH profile wasersely
proportional to the nitrificatiomate, and wagroportioral to the amount ofa toxic chemicaladded
In other words, the tim&ould beproportional to the degree of thérification inhibition, which s
calculatedusingEquation(2):

AU - AUR ... ..
(%) — F%ormal Rmthtoxmant3 10@/0

Percentitrificationinhibition )
AURwrmaI

where, AURorma and AURith toxicant @re the ammonia utilization rate (mg NH.'*:min'Y) underthe
normal condition and in the presence ebxcant respectively.

When5 mgL'! Hg?* was present ithe test wastewat¢Figure4(a)), the AV could not be observed
on the pH profile, indicating very slow (or no) nitrification had occurred.In fact, based on the
calculation with data provided in Figuréd(a), more than 70% nitrification inhition was observed
ATU and CHC} caused significant inhibition to the activity of nitrifiers even at lower concentrations;
ATU of 0.5 mgL'* or more and CHGlof 0.25 mgL'* or more couldinduce almost complete
nitrification inhibition (Figure 4(kc)). In the case of CHGJ the nitrification was inhibited even at
0.25 mgL'* CHCL. In fact, CHC} concentration of as low @1 mgL'* couldinhibit the activity of
nitrifying activated sludgédata not shown).

From Figure 4(b), when2.5 mgL'* Hg?* or 0.25mg.L'* ATU was present in the test wastewater
the AV occurrence on the pH profile was delayed for about 20 $imce the activity of the activated
sludge does not change within several hours under the normal operating condition, sifynificant
delayednitrification can be regarded abnormaherefore the upper limit for theime delay of the AV
occurrence waarbitrarily set at 1@6. This means that wastewater flowing into the WWTP of interest
may inhibit the activity of the activated sludge if thene for detecting the AV in the current
measuremeris delayedl0% ormore tharthe previous measurement

The percent nitrificationnhibition was alsoassessed empiricallysing the changes in tH@UR
measurements as shownEguation(3). In this specifc experiment, th©UR valuewas calculatedo
be 0.0950.1 mg Q min'' under normal conditian At 25 mgL'! Hg?* or 0.25 mgL'* ATU,
however,the OUR of the activated sludge in the batch reactor was lowavesl thar?20% (Table 3);
the calculated OURvas lower than 0.08 mg,0nin't. Therefore,measuring the OUR of the total
activated sludgelso ould play an auxiliary role ithe detection of thaitrification inhibition. In fact,
20% respiration inhibitioftnas been suggested as a guideline for degifltest wastewatds i s adr e 0
fitoxic @o activated sludgen literature[15]:

ou I:<1ormal - OU R/\/ithtoxicant3 100%

Percentespiratiminhibition (%)= 3
OU RNithtoxicant ( )

where,OUR,ormai aNdOURit toxicantarle the oxygen utilization rate (mg O Lmin' 1) underthe normal
condition, and in the presence of a t@t¢ respectively.
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Table 3. Percentnitrification inhibition andpercentrespiration inhibitioncalculated for
toxicantsof different concentrations

. . Concentration, Percent inhibition based on AV  Percent inhibition based on OUR
Toxic chemicals

mg-L"* on pH profile, % # profile, % °

1.25 7.1(1.3) 10.0 (5.7)

Hg?* 25 33.3(8.7) 34.6(12.6)
5 91.7 (2.7) 61.4 (7.7)

0.25 23.1 (4.3) 8.0 (0.2)

ATU 05 72.9 (3.0) 34.3 (9.0)
0.75 94.2 (6.5) 57.3 (24.3)

0.25 46.8 (8.1) 26.0 (7.6)

CHCl, 0.75 54.0 (2.1) 34.1(9.4)
1.25 62.4 (8.9) 35.8 (5.1)

3 Based on Egation(2); ® Based on Egation(3); ( ): standard deviations
3.2. Detection oNitification Inhibition Usirg OUR and AV on pRrofile

As discussed abovépth dpH/dt and dDO/dobf the batch reactors were monitored along with pH
and DOin the presence or absence of’H@ATU, or CHCI; (Figures 5i 7). When no toxic chemical
was present in the test wastewater, the dpH/dt of the reactor changed freon(€) at the AV,
although some noises were observed. In order to reliably identify the AV on the pH profile,
the strategy suggested in a previous study [31] was adopted. Nameely, {A in Figure 4(a) on the
pH profile wasidentified by detecting BdpH/dt =10.001) and C (dpH/dt = 0.001) on the dpH/dt
profile in sequence.

The OUR (or dDO/dt) of the activated sludge was determined by performing a linear regression; the
linear regression was carried out using the data collected when DO concentegibetween 5 and
7 mgL'!. Therefore, if the slope of the linear regression curve for the DO consumption in the current
run was 20% or more less steeper than the one measured in the previous run, it was considered that t
test wastewater contained tokyccausing substances.

The feasibility of the proposed strategy was evaluated by applying it to screen wastewater with
different concentrations of H§ As shown in Figue 5(a), the inflection point (V) could be detected
on the pH profile at 25 miafter the aeration was initiated for the wastewater with @_dHg®".
However, it could be detected at time 35 min for the wastewater with 215 nt4g?*. Interestingly,
the proposed method could not distinguish the toxiaet wastewater and the wewstater with
1.25 mgL'* Hg?*. No distinctdelay was observeith the AV detection timefor the wastewater with
Hg?* (28 min), comparing the test with the Hidree wastewater (26 min). The dDO/dt in the absence
of H* wasT10.443 mg.""min'*, while that h the presence of Hgwas10.428 mg.''min'!
(Figure5). It indicaiesthatthe activity of the nitrifiers was not significantly inhibited b5mg L' Hg*".
In fact, it has been reported th@atam negative bacteria such as nitrifying bactediald reduceHg?*
to Hg(0) to some extentith NADPH inside the celhnd could thus detoxify it [29,30,32]
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Figure 5. pH, dpH/dt, DO, and dDO/dt profile with and without H§" at different
concentrationdDashedines guideline set for dpH/dt tmlentify AV on pH profile
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However, inthe presence of 2.5 orrBg-L'* Hg** in the test wastewater, the Adh the pH profile
was detected 5 min or more later thardernormal conditios. As shown in the Figurg(b), dDO/dt
also indicated the nitrificatiobeinginhibited when the test wastewater containedHgf 2.5 mgL'*
or more, showing &value ofi 0.340mg-L"*-min"* or higher.

In the case where ATU or GHI was present in théest wastewater, similar trends could be
detectedin the pH and DO profilegFigure 6) However, the result from the test with ATU clearly
showed the detection of nitrification inhibition basedtba dpH/dt would be superior than the one
based on the OUFEven at 0.25 md.'* ATU, the occurrence of the AV on the pH profile delayed for
about5 min, comparing to the one at 0 thy* ATU; a warning was issued by the systétowever,
the DO profile drawn in the presence of 0.25Ih§ATU was not much different frorthe one in the
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absence of ATUYFigure6(b)). If the toxicity detectorsystemwasoperaté only depending on the DO
profile, a warning would not be issued.

Figure 6. pH, dpH/dt, DO, and dDO/dt profiles with and without ATU at different
concentrations. Dashed lines: guideline set for dpH/dt to identify AV on pH profile.
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At higher concentratian(i.e., 0.5 and 0.73ng-L'%), both the dpH/dt and dDO/dt profilésdicated
the activity of the nitrifiers was being inhibited; in fact the AV could not be observed in the presence
of ATU of 0.5 mgL'* or more. On the other hand, the dDO/dt for thst wastewater waalso
increased toevealthe nitrification inhibition

The result ofthe test withCHCI; as a toxicant ishown in Figure7. Apparently, the activity of
nitrifiers was seriously inhibited by the presence of GHGI the presence of 0.25 m§* CHCl,
the occurrence of the AV on the pH profile was delaf@dmore than 10 min, indicating that the
activity of nitrifiers inhibited. However, the DO profiles did not show significant difference between
with and without 0.25 mg'' CHCl. Increase of dDO/dt which was smaller than the alarming
criterion for the OWRR was observed; 18% of OUR change was observed.
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Figure 7. pH, dpH/dt, DO, and dDO/dt profile with and withoutCHCI; at different
concentrationdDashedines guideline set for dpH/dt to identify AV on pH profile

@
CHCl,0mg L™ CHCI, 0.25 mg L™ CHCI, 0.75 mg L™ CHOL, 125 mg L' | o o
40mi !
20 min min | 4 0.024
7.6 k% l L] L :;:4' :,,,:% 4 0.022
| »
l " 4 0.020
:m | § 0.018
| L8 )
S S £ 1 0.016
751 § | o | & >
S & | 0 o 10014 o
@ | o, b °n o
T % | o [ oF K 40012 T
o b %, e | L] 5" o
i) I o” ° v om 1 0010 ©
°p | v [P} v dpHidt
T4ko B l o m Il o 1 0.008
L] n |
o8 l ° 5 Ul & e / 0.006
o & l o ® Lol 4 0.004
° | l 4 0.002
735 4 0.000
I [ | . J-0002

. . . . . . . . . . h .
0O 10 20 30 40 O 10 20 30 40 O 10 20 30 40 O 10 20 30 40 50

Time, min
(b)
CHCl,0mg L™ CHCl, 0.25mg L™ CHCI, 0.75mg L™ CHCl, 1.25mg L™
R®= 0.99 R®= 0.99 R®= 0.99 R®= 0.98

dDO/dt = -0.470 dDO/dt = -0.384 dDO/dt = dDO/dt =

mg L* min? mg L™ min*

-0.355 mg L™ min™ -0.336 mg L' min™
g 4
(]
(o]
(o]
(o]

OO()OOOga

DO, mg L*

oo

0 £O 2‘0 ?:0 4‘0 0 1‘0 2‘0 éO 4‘0 0 1‘0 2‘0 3:0 L{O 0 1‘0 éO C:;O 4;0
Time, min

At higher concentratian(i.e., 0.75 and1.25 mg-L' %), both the dpH/dt and dDO/dt profiles indicated
the activity of the nitrifiers was being inhibited; in fact the AV could not be observed in the presence
of CHCk of 0.75 mgL'! or more. On the other hand, the dDO/dt for thet twastewatewith
0.75 mgL'! or morewasalmost similar to that of wastewater with 0.25-bg. This means that the
activity of nitrifiers could be severely inhibited by CHG@k a very low concentration. In addition, the
oxygen consumption shown in Figure 6(b) htignly represent the respiration by the heterotrophs in
the detector system.

The result from the tests with three different toxicants at three levels is summarized it.Table
In general, the strategy based both on the OUR and pH profiles could suiégessieen test

wastewater for potential inhibition to the nitrification process, except the wastewater containing
1.25 mgL'! Hg?".
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Table 4. Summary of screening tests with different toxicants

Toxic chemicals  Concentration,mg-L'* Based on OUR Basedon dpH/dt  Final signal®
1.25 S S
Hg** 2.5
5
0.25
ATU 0.5
0.75
0.25
CHCl3 0.75
1.25
S fAsTaf &d;dIxfi cedi t her the
final signal was #fAtoxico.

A A4 44444+

T
dpH/ dt thenthef i | e i n

Ol[44wnwad—-4mnw-d-dwn

T
T
T
T
T
T
T
T
e

3.3. Detection ofToxicity in Continuous Feeding kide

Based on theesult from thebatchbioassayexperimentsa nitrification inhibition deteatr was buil
to continuously screen incoming wastewater by-tiead calculating dpHdt and dD@dt (i.e., OUR).

Once new wastewater was fed into e reactors of the detectothe detectorevaluates if the
wastavater contaiad toxic substances inhibiting the activity of nitrifieb®th by checking the time
taken for the AV to occur aray calculatinghe OUR.

If the time for the AV occurrencdi.e., dpHMdt = 0) on the pH profilén the current runvas 10% or
more longer thathe previougun, the detector waprogrammed to issue a wargiFor thefirst 5 min
whennew wastewatewas fedinto the pretesterthe reactodpH/dt was not monitored.

In addition, if the OUR for the etent run was 20% or mch smallerthanin the previousrun,
the detectowas programed tessue a warningTherefore, a warning signal could be issued if new
wastewater for the current run could not pasiserthe screeimg criteriabased on the dpH/dt or the
one based on the OUR.

First, the system was operated for the wastewater without any toxicant to igtBO, dDO/dt,
pH, anddpH/dt profiles (Figure8). In Figure8(a,b), the DO and pH profiles show little change over
time, except the pH decrease in the ficgtr runs.Nonetheless, the dDO/dt and dpH/dt did not issue a
warning, indicating the activatesfudge in the detector system was not inhibi@ger more than 20 h,
the AV s weresuccessfully detected liie system; AVs occurred in the range between 6.95 and 7.25
with the mean of 7.03 and standard deviation of 0.06.

However, iftest wastewater contained toxietgusing substances, the occurrence of the AV on the
pH profile was delayed. For example, wh2s mgL'* Hg?* was present in the test wastewater,
the system could easily identify the inhibition of nitrifiers with boté telayed occurrence of the AV
on the pH profile and the reduced OUR (Figure 9).

As shown in the last section, if a toxicant exerting low acute toxicity to nitrifying activated sludge is
present in the influent wastewater to a WWTP, the system may not screen the wastewater. In fact,
1.25mgL"* Hg”* or 0.25mgL"* ATU did not inhibitthe activity of nitrifiers much; only little delay of
the AV occurrence on the pH profile could be observed. However, if wastewater containing a low
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concentration of chemicals continuously flows into a WWTP, it could cause a chronic toxicity in its
biological processes.

Figure 8. (a) DO and dDO/dt,lf) pH and dpH/dt profile under normal condition.
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Figure 9. (a) DO and dDO/dt, ) pH and dpH/dt profile fed with wastewater containing
2.5 mgL't Hg*".

addition of 2.5 mg i ng*

(@ (b)

Therefore, the system was applied to screen the wastewater containing a low concentration of
toxicant. After each test for the nitrification inhibition, the system discharged the test wastewater and



