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Summary

This reportsummarses the findingsfrom operations withAQUAQQ online reattime water quality
monitoring systenon the effluent from a pilot Membran8ioreactor (MBR) witim the cofinanced
VINNOVAroject entitted Tomorrows Sewage Treatment PlargsA Utility Production Facility
(Morgondagens kommunala vattenreniggn produktionsanlaggning for nyttighefer

Significant progres$ias been made during recent years with regard éaHime water quality
monitoring systems fomonitoring and control ofvater quality and water treatment operation. This
report provides an evaluationf the efficiencyof the MBR process atthe R&Dfacility Hammarby
SjostadsverkStockholm, Sweden. This includee monitoring oflarger contaminants(>0.2nm) in
effluent water of the MBR proceséquav Qearly warning systemWWQM-100, has monitored the
water quality 24/7duringthe spring 2014andthe particle/ micro-contaminantsremovalefficiencyof
the MBRwasevaluated.

Aquav Qraaktime monitoring systemdetectedthat one of the membranes (membrane A) thie
MBRprocess hada constant leakage ahicro-contaminants Periodic wariations in the measured
micro-contaminants concentration couldavebeen caused byan overload in MBRprocessand also
by a potential filter breakthroughHowever during the test period no significant problems were
observedin the MBRprocesscontrol.

For evaluation and verification of the indication frofquav Q@aktime monitoring system
complete microbiological analyses werperformed with an alternative 1ISO standard method
(Microbiological Survey, MBS) abyla certified environmental laboratory (Eurofiristockholn).

The resultshighlight the importace of real time quality monitoringf procesgsrelated to human
sources of microbiological growthTherefore, aetter understandng and control of water qualities
in watertreatment procesgsis costand resourceffective andreduces microbiological emissions to
the environment.

Keywords
MembraneBioreactor, water quality; Early warning system; microbiological anglysisro-
contaminants; pathogens.
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Abbreviations
MBR Membrane bioreactor
MBS Microbiological survey

WQM100 Water qualitymonitor

EWS Early warning system

E.coli Escherichia coli

TVC Total viable count

TMP Transmembran@ressure

Cluster 1 Possible bacterial contamingtidrm)
Cluster2 Possible parasite contaminationsm)
PVDF Polyvinylidene fluoride

LMH Litre/m?hr

INK Incomingwastewater

TSS Total suspended solids

DO Dissolved Oxygen
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1. Background

1.1 Waste water treatment

The human population igrowing; neverthelesswater demand is increasingven twice as fastas
population growth With that, potablewater will be more valuable the future,than we might ever
imagine. The main purpose wfastevater treatment has been to protect the health and weking

of our communities. Among them operations include preventing disease, contamination of water
supplies, maintaining clean watdor survival of fish, bathing, recreation and conserving water
quality for future usgBitton G., 2005] Howeverthe paradigm has shifted, primarily because of new
regulations that include protecting against excess nutrients (nitrogen and phosphorotis)bes,
protozoan and virus by implementation of multiple barragsproach inwastewater effluent
[Spellman R.F., 2008The increasingdemand forfresh water implies thatwater reusewill gaina
great importancein the future. For this reason, the effluenfsom wastewater treatment plants
(WWTP) wilblay a key role in the planning and sustainairianagementof water resources This
includesthe conservation of resources aritiwill be advantageoudor economic devi®pment. In
addition, water reuse reducethe pressure omaturalwater resource$Bernardes A.M, 2014]

The membrane separation process applied to watexste watertreatment can be applied in
different ways In the present studymembraneseparation isused as the final step in@nventional
physical, chemicahnd biologicalvastewvater treatment process

1.2 Membrane separation process

MembraneBioreactors (MBRare based on conventiondliological active sludgprocesswhere the

final separation step, usually a sedimentation process, is replacechwethbraneseparation(Fig. 1)

A commercial manufacturer of hollow sheet membranes that operates with an exceptionally low
transmembrane pressure (TMMP beingused inthis project The membrane material consists of
polyvinylidene fluoride (PVDF) that is highly resistant to acids, caustic and oxidation process.
Moreover the pressure drop over the membrane is close to zero and has an average pore size of 0.2
pm. The extremeljow TMPimplies thatthe membranes are significantly less prone to foulimaye

a longer lifetime and canhave extendedperating periods between cleaning. Other characteristic
ranges for MBRinclude pH (411), temperature (Max. 5@), TMP (0.00.04 bar), liquid capacity (178
gallons) and flux (:80 LMH).

Wastewater Screening MBR TMP Al[TMP B

Fig 1.0Overview ofwastewatertreatment process with MBR. [MBRMembrane bioreactor; TMP
Transnembrane pressure ahembranesA&B; E; effluent/treated water]
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1.3 AQUA-QWQM-100 - Online real -time water quality monitoring system

Aquav Qaarly warning systemWQM-100) for wateris a Swedish innovatiorit is in this project
used to monitorthe quality of effluent water from a MBR-process The WQM-100 is a unique
internet-based communication system that can quickly communicate with vakeysersons, e.g.
agenciesfor water safety controland wastewateroperational managers. The systeoperates24
hours a day7 days a weekit hasfull automationand isrobust and sensitivén detection of lower
level contaminants(Fig. 2). The system consists of a chain of fast information transfers (every
minute) with modern communication technology, sensors, detection, continuously refined
evaluation and hygien sampling of watewhen requiredwith logging function This warning system

is intended toimmediately detect any deviation in water quality that may or may not include
pathogens but can indicate risk of biological groacteria and/or pargtesin the water system
that can trigger outbreakef diseasg

Fig 2. AQUAQ WQM-100for monitoring and detection of contaminants.

The mthogens(Fig. 3)are of concernto humansas they causeliarheal diseases andheir origin
mainly fromtreated/untreated wastewaterand surface water.

EcoI iardia Cryptosporidium
Fig 3.Examples of pathogens such as bacteria and parasiédsare harmful to human health and
environment

One important feature of thaVQM-100 systemis that it automaticallycan capture water samples
when there is a risk for microbiological contaminatindicated by the systenirhe captured samples
automatically goes o a clean cold storage and afas are sentincluding information that \ater
sampleswere collected.
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1.4 Onsite microbiological analysis
Microbiological survey (MBS) (ISO 16140:2003) isalsrnative innovative rapid colorimetric

bacteriatest kit with an incubator (Fig. 4 to perform microbiological test on food, wateand
surfacesonsite The main features of the MBS inclutiggh speed of analysis, ease of ugegh
sensitivityand selectivity andlower analysisost when compared to other existing methods.

Fig 4 MBSfor rapid detection of microorganisms

TheMBSis an important alternativenethod to confirm or rejectthe existence oEcoliwithin a few
hours, which is impossible withtandard validated method#at requirealmosttwo weeks. Reducing
the analysestime and obtaining primary information aboutpotential contaminatiors is not only
important for processcontrol andoptimization but also for precautionary measures that may be
required in the case of contaminationgurthermore selectivity reagentsof the systemare
dependent of specific microorganismsuch as total viable count, coliforms (total amtcolj,
enterobactereriaceaea staphylococcus aurepspseudomonas aeruginosasalmonella spp
enterococcus faecaland yeasts @ccharomyces spp.Roth quantitative and quhtative results can
thus beobtained. TheMBS test kit is commercially availalolethe market.

1.5 Standard microbiological analysis

Eurofirs isan independentertified environmental testing lab in Stockholm {EN ISO 9001/14001)
with a wide range of quality analysis including chemical, microbiological edoxicity tests.
Analyses of samples deto the laboratory have bee analysedaccording to thelSOstandard For
further information of these standasisee the analysis pratol from Eurofins ilAppendix|V.

2. Aimof the study

Thisinnovative study wasnainly aimedto monitor the quality of the MBR effluentin reattime by
using theWQM-100. More specifically this mearte examinethe biological contaminants in treated
water both quantitativelyand qualitatively The size and concentratioof contaminantsthat pass
through the dischargecan be related tgpossiblebacteriaand parasitesgrowth as well as predict
process variation aniis consequences

Furthemore, the study aimedto collect water samples on normal process conditions as well as
abnormal conditionsandto analyz them for the presence ofstandard fecal indicators likEcoli,
coliforms, total viable bacteria counandparasitessuch asxyptosporidium/Gardia.

Finally the aim wasto evaluate the usefulness @éaktime water qualitymonitoring by WQM-100
for process optimization anthstaccesdo information on variatiors in the process thamay lead to
negativeand costlyconsequencefor the process.

IVIJ Swedish Environmental 8 U,Ap q A:uq
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3. Methodology

3.1 Setup of sampling points and process design

The incoming wastewater undergoes a primary treatment process known as screening for
elimination of larger particles. Furthemutrients such asrgaric matter, nitrogen,and phosphorous

are eliminatedfrom the wastewater withconventional presedimentation, activated sludge process
andintegratedin the MBRas a final stepThe separation consisted oftd membrane unitqFilter A

and Filter Bwith individualTMP measurementgor comparison of effluent efficiencylhe AQUAQ
WQM-100was connected witlihe effluent of Filter A fromMarch 10to April 29 2014 and with the
effluent of Filter B from April 29 to May 27.For the analysisof wastewater before membrane
separation, sampleswere collected fromthe top of MBR tank.Samplesof MBR effluent were
collected before and aftethe AQUAQ WQM-100for the analyse®f bacteria using MB&-ig. 5)

Wastewater Screening MBR
e TMP A S
AQUA-Q 3
EWS E MBS
<o TMP B >

Fig 5 Process setup and sampling points éoalysis [MBRG Membrane bioreactor; MB& Microbiological
survey, TMR, Transmembrane pressure; E\&QM-100].

3.2 AQUAQWQM-100 analysis

TheWQM-100is optimized to measure microontaminants in a flow of watelA pre-filter with pore
size of 60>m is feedwith continuous flowand is followed by the maisensor. The microprocessof
the WQM-100 transformsthe contaminant countingnto two clusters depending upon their size,
concentration,and opticalbehavior which is relatedo possible bacteriarad parasitecontamination.
The processedlaluesand results are presenteid contaminantsml or 100 mlover atime periodand
athresholdcan bedefinedfor variouswater qualities and depending on waténgerprint.

3.3 Onsite microbiological analysis

The MBS kit consists afero sampleand reaction via for each sample of interest. In the present
study, total viable count (TVC) was performed using MBS atC3nd 37 C.TheMBS kit provides
both qualitative and quantitative informatioby colorchange ad CFU100 m| respectively.The
results are reported in Log CFU/100ml. In most casgdicate samples were performed fdhe
determination ofthe standard deviationHowever the confirmatory samples collected on Mag
2014 were validated withina cettified microbiological testing laboratomyn Stockholm(Eurofins) In
total six confirmatoy samples were sent to Eurofiaed parameters such as T\E¢oliand coliforms
were analyzed Among themTVC wastudiedat 21° C with 7 days incubation.

IVIJ Swedish Environmental 9 U,Ap q A:uq
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4. Reslts

4.1 Overview of MBR effluent water quality

Theresultsindicate that the AQUAQ WQM100 observed a varying contaminatiam the effluent
water from the MBRprocess (Fig.)6 The variation in the concentration aficro-contaminantsin
cluster 1(repreenting probable bacteria size3¢ 3nm) is much higher than compared to cluster 2
(repreenting probable parasite size @16nm) as shownin the diagram(Fig. 6) Guster 1, which
corresponds topossible micrecontaminants can be associated with different types of bacteria
specifically fecal contaminatiosuch as=coli and coliforms. Whereas, the cluste2 corresponds to
possible micrecontaminants associated with parasites like Cryptosporidium and Giardiaolinees
of these contaminants areften found in treatedvastewater Theresults also indicatéhat the MBR
process isperforming much better in removingcontaminants of larger sizéhan smaller micro-
contaminants

900 _ Filter A Filter B

800 -
700 - —— Cluster 1
600 —=—Cluster 2
500 -
400 -
300 - ul
200 -
100 -
0 ey b e
N ™ o1 kS 1 N> 9 2] O © N N il
Days/Month of 2014

Average micrecontaminants
observed/ml

W&

Fig 6 Overview ofAQUAQ WQM-100monitoring on MBR effluent (MarchMay 2014). [@ister 1 ¢ detection
above 1 um andI|Gster 2 ¢ detection above 2 um; March fao 29" April ¢ Filter A connected t&VQM-100
and 29" April to May 27 Filter B connected tOWVQM-100; * - Prefilter cleanng time].

The contaminants in the effluent act as povugrcarriers for microbiological populatiopas bacteria
and parasitescan attach to these contaminants and travelownstream It is suspeted that the
contaminants/micrecontaminants might constitute undissolved substances from pharmaceutical
and personal care products residues. More investigation is needed to verify this. prdjast, only
the target fecal indicator bacteria have beanalyzedwvhile no parasiteanalysishas been performed.

4.2 AQUA-QWQM-100 and microbiological analysis on MBR filter B

As a first step, samples before and after MBR filtevelBe collected on May 28 at 9.00 and 14.00
hrs for the analysis of contaminants/particles, pathogens, TSS, DO and pH. The results fridth TSS
and pH forincoming wastewatewere 6352 + 241 mg/L. 0 mg/Land 6.7+ 0.7, respectively.The
treated wastewvater samples werébelow the detection limit forTSSand DOthat arein the range of
8.4+ 1.2 mg/lfor suchsamplesHowever pH was 8 + 0.3 ancdtontaminants/micrecontaminantsin
cluster 1were determined toabout 200/ml and cluster Zabout 50/ml| respectively (Fig.)7 As
mentioned in section 4,1a similar variation or disturbance was observed\Ni@QM-100 representing
random high peaks within 24 hours of surveillance. The reasotihésudden increase in peaksay
be due tounexpectedncreaseof contaminants/micrecontaminantsreleased from the MBR process
during the relaxation time or pressure drop amaother procesyariationsthat were not specifically
investigated.

IVIJ Swedish Environmental 10 U,Ap LJG A:HQ
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2000 -
—s— Cluster 1
1800 -
1600 —=— Cluster 2
£ 1400

observed /

l Sampling timesi

Average micrecontaminants

Time (hrs)
Fig 7. EWS data on effluent from MBR filter B{[Sampling points (Time09.00 and 14.00 hrs) for

microbiological analysis on 'ﬂ@nay 2014; Channelddetection above 1 um and Channet 2etection above
2 pm.

On May20, 10.45 hrsit was observed thathe MBRFilter A wasleakingdue to significant increase in
TSS and the process was shut down after two hours. Howavess inefficiencycould already be
detectedthree weeksearlier by usingdata from the AQUAQ WQM-100. This is one of the examples
where realtime monitoring of water quality can help to detect problem&efore anynegative
impacts to the process, humans, the environmentoccur.

Furthermore microbiological analysis results showednfirmation of contaminant concentrations
when usingthe MBS andstandard analysefEurofing Tablel). The zero value found in TVC at@0
could be due to improper signal frorthe samplevials to the MBS softwardUnfortunately, a
repetition of analysis was not possible due to lack of sampilee and instrumentation onsite.

Table 1.Data from microbiological analysis (All data representethéntable asCFU/100ml). [Ink Incoming

waste water 9.00 and 14.00 hrssampling time points; 1 and@duplicates; B represents MBR filtary Cg

Total viable countDetail analysis repoiftom Eurofins and other relevant information @mitial experiments
can be found in appendix].

Samples TVCat 22cC | Sow growing Qoliforms Ecoli TVCat 30cC
Ink 9.00 hrs >5,000,000 >5,000,000 >2,400,000 | 1,100,000 | 493,900,000
1B effluent 9.00 hrs 43,000 170,000 40 10 1,660
2B effluent 9.00 hrs 94,000 240,000 40 10 0
Ink 14.00 hrs >5,000,000 >5,000,000 >2,400,000 | 770,000 | 568,700,000
1B effluent 14.00 hrs 69,000 260,000 30 <10 196,300
2B effluent 14.00 hrs 79,000 2,000 59 <10 0

According tathe microbiological analysis, microb@ncentrations in the treated wastewater were 3
to 5 orders of magnitude lower than the wastewaterbefore membrane separatiorMoreover, the
total and slow growingnicroorganisns havedominated the cacentration when compared t&.coli
and coliforms.This may be put into relation by using earample in California, Uniteftates were
water reuse criteria states thatoliforms higher than 2&FU/100ml are not suitable for irrigation or
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for farm workerson recycled water. When the coliforms concentratioise above 25 CFU/100ml,
then recreation activities (i.e. swimming or full body exposure) are prohibited according to the goals
described in protection for public health. As a consequence, higloaicentratiors affect the
gastrointestinal tract in fish andhildren less than 11 years old are at greater risk from exposure
(USEPA, 2012)n most of the countrie&.coliis regaded as a cheap way to indicdtee existence of
parasites in waterln the present casethe MBRprocessis an efficienttechnologyfor secondary
wastewater treatment considering the pore size (0.2um) aremoval efficiency of the present
membrane filter even so,t does not achieve 100% elimination of bacteaiad parasitesit was
further evident from the resultsthat increasein number of contaminants/micrgontaminants
observed bythe AQUAQ WQM-100 is directly proportional to microbial presence in treated
wastewater

5. Conclusions

This report highlights thadvantages andignificance ofealtime water quality monitoring by the
AQUAQ WQM-100 for microbial contamination irtreated wastewater Themonitoring on water
guality wasaccomplishedy measuringhe increase in number afontaminants/micrecontaminarts
over acertain period on effluent from both MBR filter A and B. The microbiological investigation
performed withboth MBS and Eurofins analysisnfirmed the presenceof bacteria in MBRreated
wastewater It isproposedthat the MBRprocesswould need further investigation oithe efficient
removalof bacteriawith up to 100 % and continuous monitoring tfe effluentwater. The WQM-
100is recommendedor water quality and processcontrol.

Further, despitethe short monitoringperiod after startup of the sysem, the gradually deterioration
and finally breakthrough of filter A could be concluded, which the first time shows another
potential useful application of the system for efficient process contite knowledgeof system
deterioration canpreventprocess failure and downtimes of treatment processasan be avoided by
sensitive reaHime monitoring. Longterm monitoring to observe the seasonal variations is
recommended for the nexstudy phaseFor now, the purpose assigned in this projéets been
fulfilled and AQUAQ expects to be a part of an eventual continuation of this project

6. Recommendations

To avoidoperational problemsn the future it isrecommenakd to run longterm (>1 year period)
observation usinghe WQM-100 for the overalkfficiency ofthe MBRprocess Unexpected leakage
or inadequate process efficiency mtnen be detected andpen for the possibility to be thoroughly
understood Finally, microbial (i.eE.colj Coliformsand total viable count) and parasites (i.e.
Cryptosporidium and Giardia) analyses are crucial in regulas ttaachieve high proficiency withe
MBRprocess and@¢ontaminantfree water.
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Fig B. Comparison ¥¥QM-100 data on effluent filter B and testing aficrobial growth at different
sampling points[A and B¢ MBR filter A & BMBS incubation period 30 Celsius;Cluster 1¢
detection of possible bacterial contamination and Clusterg Zetection of possible parasite
contamination] TMP¢ Transnembrane pressure; INKIncomingwaste water EWS effluent After
WQM-100 observatioh

Il. Performance and importancef pre-filter in AQUAQ ¢ WQM-100

1400.0¢ May 16th, 2014

100000 Pre-filter cleaning
800.00 NW\MW
0 W —Cluster 1
—Cluster 2
200,00 W

Time (Minutes)

H I

7

6

3

' i i I
nk MBR A

MER B EWS Prefilter

Average micro particle obse rved /ml

Log CFU/100mi
w

Fig C. Observation after pfiter cleaning inWQM-100 and difference in microbial concentration.
[Cluster 1¢ detection of possible bacterial contamination and Clusteg Betection of possible
parasite contaminationPrefilter cleaning assistin stable peakstNK¢ Incomingwaste water MBR
filter A&B; EWS prélter ¢ water between the filter wasisedfor microbiological analydis

l1l. Prefilter inWQM-100and during thetreatment efficiency drop (MBR A)

Fig D Observation of used and new pfigter
attached in theWQM-100. [Leftc clogged pre
filter in WQM-100, Right ¢ New prefilter
before installationwith MBR A effluerjt These
clogged contaminants/micrgontaminant are
normally not visible tahe naked eyebut can
be observed in a filter.
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Fig E. Compeson of effluent on microbiological analysis from Mtter A effluent at the time of
damage detectedINK¢ Incomingwastewater MBR filter Areated watel.
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IV. Detailed reportfrom Eurofins microbiological analysis

WED4 Eurofins Environment Testing Sweden
° . o C (Stockholm)
o euroflns gwu\jug Box 45185
% -f;P < Torsgatan 26
£ SE-10430 Stockholm

12
ISOVIEC 17025

TIf: +46 10 490 8110
Fax:  +46 8 30 33 94

IVL Svenska Miljdinstitutet AB AR-14-SS-007950-01
Hammarby Sioatadaserk N
Henriksdalsvagen 58 EUSEST-00042873

131 32 NACKA Kundnummer: SL8411815
Uppdragsmarkn.

Morgondagens
kommunalavattenrenn.StaffanFillipsson

Analysrapport

Provnummer:

177-2014-05270763 Ankomsttemp °C 13

Provbeskrivning: Provtagare R.L.
Provtagningsdat 2014-05-2 :

Matris: Avloppsvatten rovtagningsdatum 014-05-26 09:00
Provet ankom: 2014-05-26
Utskriftsdatum: 2014-06-10
Provmérkning: MBR- 9:00 hrs (Ink.)
Analys Resultat  Enhet Mato. Metod/ref
Odlingsbara mikroorganismer 22°C >50000 cfu/ml 1SO 6222 a)
Langsamvéaxande bakterier >50000 cfu/ml 1SO 6222 mod a)
Koliforma bakterier > 2400000 /100 ml IDEXX Colilert-18 a)
Escherichia coli 1100000 /100 ml IDEXX Colilert-18 a)

Mikrobiologisk bedémning
Ej bedomt

Utférande laboratorium/underleverantor:
a) Eurofins Environment Testing Sweden (Stockholm), SWEDEN

Changwen Wang, Rapportansvarig

Denna rapport &r elektroniskt signerad.

Forklaringar AR-003v35

Laboratoriet/laboratorierna ar ackrediterade av respektive lands ackrediteringsorgan. Ej ackrediterade analyser ar markerade med *
Matosakerheten, om inget annat anges, redovisas som utvidgad méatosakerhet med tackningsfaktor 2. Undantag relaterat till analyser utférda utanfor
Sverige kan forekomma. Ytterligare upplysningar samt matosakerhet och detektionsnivaer for mikrobiologiska analyser Iamnas pa begaran.

Denna rapport far endast aterges i sin helhet, om inte utférande laboratorium i forvag skriftligen godkant annat. Resultaten relaterar endast till det

insénda provet. Sida 1av 1
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