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The objective of the study was to testoine analyseiOptoseven FSACT1000 UV COD
and Turbidity Liquid Analysein authentic field conditions. Measured parameters were
Chemical Oxygen Demand (COD) ahdbidity. COD online measurement with UVis
spectrometry agamethod inew anchighly dependent on thalidity of the calibrationThe
device is calibrated with laboratory analysed manual sanmglese the manual sampling
affects the validity of the datdhe analyser usesdsointernal calibratiorwith sample cell
cleanlinessagainsbackground liquid, whickvorked als@asthecleaning agent in thistady.
Choosing the righbackground/cleaningolutionfor the analysed waters turned out to be
challenging in some cases.

Three different trial locations and one {rial location yielded information about total of
nine sampling poirst Monitored waters were from tap water to raw municipeastewater.

The main esultsare presented in graph form, displaying the data gathered from sampling
points.The interval time of sampling is freely adjustgtded in this study, it was possible

to set as low as 5 minutékhere is a broad variation in the data dependimthe sampling
point, and in some cases the behaviour of the parasswedsunexpectedWaters were also
laboratory tested for a variety of parameteeboratory analysis results are briefly discussed
against observed behaviour and anticipated water composition.

Study demonstrated that Optoseven KSBELOOO careasilybe used for shotterm, project
type water monitoring fodiverse typesf waters. This malyseris a powerful online tool for
monitoring different parametemultaneouslyreveaing the behaviour of the waten
question.
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Tyon tavoitteena oli testat@®@ptoseven FSACT1000 UV COD and Turbidity Liquid
Analyser -laitteen soveltuvuuttaerilaisille vesille kdytanndssa. Mitatut parametrit olivat

veden kemiallinen hapenkulutu€Hemical Oxygen Demand,COD) ja sameus. COD:n
onlinemittaus UV-Vis -spektrometrialla on menetelmana uusi, ja setuottaman
mittaustiedon laatu riippuu vahvasti kalibroinnista Laitteen kalibrointi perustuu
manuaalisen naytteendbon ja naytteiden laboratoriotul&siin, joten manuaalinen
naytteenotto vaikuttaa tulosten oikeellisuutedraitteessa on myos sisddnrakennettu
kalibrointi, jossa nayteputken puhtautta mitataan taustanesteen kanssa. Tassa tutkimuksessa
taustaneste toimi myos laitteen puhdistusaineena. Oita#stanesteen/puhdistusaineen
valinta osoittautui haastavaksi osassa tutkimuskohteista.

Kolmeda kohteeta sekayhdesa niita edeltavasta testikohteesta kerattiin tietoa yhteensa
yhdeksasta naytepisteesta. Tarkkaillut vedetihtelivat puhtaudeltaan hanavedesta
puhdistamattomaayéteveteen Naytepisteistd kerattynittausaineistoon esitetty kuvina.
Naytteenoton aikavali on vapaasti sdadettavissa, ja tassa tutkimuksessa se oli mahdollista
asettaa alimmillaan 5 minuuttinMittausaineistossaon laajaa vaihtelua riippuen
naytte@ottopisteestd, ja joissain tapauksissa parametrit kayttaytyivat odottamattomasti.
Vesista testattiin myokmaja naytepaketti laboratoriosdaaboratoriotiloksia ja tarkkailun
tuloksia verrataan lyhyesti mittauspaikasta odotettaden koostumukseen

Tutkimus osoithg ettda Optoseven FSET1000 on kayttokelpoinen lyhytaikaisessa,
projektimuotoisessa vesien tarkkailussa ja soveltuu hyvin erilaisille vesille. Analysaattori on
vakuuttava tyOkalu onlirenittauksiin, ja silla voi tarkkailla useita eri parametreja
samanaikaisesti. Valitun parametrin kayttaytyésdi seurata lahes reaaliajassa.
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SYMBOLS, ABBREVIATIONS AND VOCABULARY

Greek characters

electrical conductivity of wateEC[S/m, mS/m,eS/cm

Abbreviations

BAT Best Available Techniques reference
BOD BiochemicalOxygenDemandmg/L]
BODs 5-day Biochemical Oxygen Demaifwg/L]
BODy 7-day Biochemical Oxygen Demafrg/L]
COD ChemicalOxygenDemand [mg/L]

CODcr COD dichromatenethod [mg/L]

CODwin COD potassium permanganatethod [mg/L]

DAF Dissolved Air Flotation

DO Dissolved Oxygemg/L]

FAU Formazin Attenuation Unit

FNU Formazin Nephelometric Unit

FTU Formazin turbidity unit

ISO the International Organization for Standardization
NTU NephelometricTurbidity Unit

SFS Finnish Standard Association SFS

TDS Total Dissolved Solids

TOC Total Organic Carbofmg/L]

TN Total Nitrogen [mg/L]



UN United Nations

UNEP United Nations Environmental Programme
WWTP Waste water treatment plant
Vocabulary

Accredited Third party recognition of competen@@NAS 2023)

Coagulant Chemical added to suspenstoreffectdestabilisation by reducing the
electrical double layer repulsion between particles (Tarleton & Wakeman
2007, 129)

Flocculant Chemical added to suspension to accelerate the particle agglomarition

flocs and to strengthen the flocs (Tarleton & Wakeman 2007, 129)
Fresh waterWat er salinity is below 0.5 a (Vesih

Standard Publication of agreed requirement(s), recommendaijiom(specification(s)
(Finnish Standard Association SFS 2024)
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1 Introduction

Pollution, wars, and climate change with extreme weather conditions challenge the water
use in the worldThe number of @ople living in wateistressed countries, forced to use
contaminated water faidrinking water and suffer from waterborne diseagesowadays
measured in billions (World Health Organization 2028ater used dailpn Earthis mostly

taken from fresh water resources, but the need for alternative resources is rising. The amount
of fresh water in the world is only 2.5 % of all the watenyvbfch only 0.26 % is located in

fresh water rivers and lakes, which are the main source of human water consumption
(Shiklomanov 1993, 13).

Water scarcity is relativegsit is dependent on circumstances, such as local consumption
needs or the amount of good quality water available (United Nations Waten)2024
Industrial processes usaw water, and by recyclingsed waterthe intake ofawwater can

be reduced, which also |l eads to | ower cost
2012).This affects the availability of watedn Best Available Techniques (BAT) reference
document for common waste water by European Commission, mimgriisesh water
consumption by reuse is mentioned (Brinkman, Santonja, Yukseler, Roudier & Sancho 20186,
152).Reuse of water decreases water discharge, and with reuse, less water is classified as a
waste, but resource to fresh water. Accordinylemeses, Stratton & Floré2017, 7), one

of the biggest barriers in water recycling
increasing food safety risikkonsequently, in ordéo reuse and recycle water, treatment and
thoroughmonitoring is neededlhe need for online water analysing with new parameters

relates heavily to circular economy and water circulation, where no water is wasted.

Water usability can bevaluatedy several quality factorsneof which is chemical oxygen
demand(COD). CODcan reflect the general amount of pollution in the water in question
(Kemp 1998, 64), sd bnly one quality factor can be determined, COD is a goodcehoi
WhenCOD is determined under standaedl methods in laboratory, it consumes time, uses
hazardous material, and prodstexic waste (SFS 5504:1988; SFS 3036:198/king an
online COD analyser reduces the analysing {i@t&en, Yin, Zhao, Yang, Xia, Feng, Chen,
Dong & Zhu 2021)and eliminates both the use of hazardous material and yield of toxic

waste in laboratory, though in some cases calibrafitimecanalyseand routine verification
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might still be neectd by laboratory analyseshi, Chow, Fabris, Liu & Jin 2022).6/Nhen
COD as a parameter can be monitored continuously online, for example water purification
efficiency can be examined over a process unitaddition, with online monitoring,

previously unknown periodichanges in water qualigan bedeteced.

Optoseven FSACT1000 UV COD and Turbidity Liquid Analyser measures COD optically
by UV-absorbance correlation at defined wavelen@ptéseven Oy 2024aTrhe aim of his
thesiswasto find out, how Optoseven FSACT1000apples for shortterm projecttype
analysing for differentypes ofwaters.This increases the knovdge available about the
online monitoring of COD, which gives more opportunities for development of process units

and processes.

The first part of this thesis is a theoretical backgrooingater qualitymonitoring,andthe
parametersommonlyusedfor it. Second part is the experimental work with the Optoseven
FSA-CT1000in three different locations with eight different watgmseceded by a short pre

trial period with tap waterWaters were monitored with OptosevESA-CT1000 for
different timeperiodsand water quality samples were taken and analysed in laboratories.
Results of the monitoring periods are discussed alongside with the water quality results.
Conclusions are drawn from the findingfsthe experimental worknd some of the results

are comparewith theory.

In this thesis, the referenced standadsimited to fully accessible standards via Finnish
Standards Association SFS via LUT University, hence there is no references to certain

International Organization for Standardization (ISO) standards.
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2 Water quality

Water quality can be described by many different paraméecerding to United Nations
Environmental Programme, UNEBnited Nations 2023here ardive core parameters to
ambient water quality: dissolved oxygen (DO), electrical conductil&C, U0),
nitrogen/nitrate (N/N®@), phosphorus (P), and pH. With these indicators water bodies can

be classified to be in Agoodo level, if by
by 80 % omore of the timgUnited Nations Water 2@®).

In addition tothesementioned core parametetsothwater properties anparametersised

to describe watervary. Depending o the purposef monitoring orthe use of the water,
measured and monitored parametss be frontotal dissolved solid¢TDS) to metals to
radiation.For examplesafepotable water and boiléeedvater have different requirements;
the formerdoes not represent any significant risk to healtér a lifetime of consumption
(World Health OrganizatioB8011, 1), for the latterfor example total hardness (Ca + Md)
its strictest,must bebelow 0.005 mmol/l. to reduce for example the risk of sludge
precipitation (SFSEN 1295212:2003 4, 7. In general, water properties affect water
quality. Water properties can be divided iptoysical,chemical andbiological parameters.
Appendix 1presers common parameters divided into these three categories.

Appearance of drinking water should be acceptable for the consumer, and if water appears
to bediscoloureddirty, smelly or with unpleasant taste, it can be evaluated as suspicious by
the consumer, even ifwerenot of direct consequencehiealth {Vorld Health Organization

2011, 7, 8, 219)xCommonly used words nonscientific sources tdescribe potable water

can be for example odourless, tasteless, fresh,, gmoipleasant to drinkUNEP (United

Nations 2023) givesfour types for water quality: pobtde water, palatable water,
contaminated (polluted) water, and infected water. From these, potable and palatable water
are drinkable and do not cause threat to human health, whereas contaminated and infected

watercan not be usefr human consumption (Hassan Omer 20202)

Waterusedand discharged from homes, commercial and industrial prens$igsid waste,
and is described as waste water (Sperling 200Wearld HealthOrganization 2017,)2
Nowadays waste water, otheronce used water can be source of potable water, but it needs

to be purified to satisfactory level to be used againThe ter m of Apot act
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producing drinking water from wasteater butis challenging as the municipal waste water
usually has a very poor microbial qualitiereforesufficientadvanced treatment processes
are needed (World Health Organization 2017,3).

2.1 Water qualitymonitoring

The monitoring of potablevater isaimed toensure that water is not causing any problem to
health, andhe monitoring ofwaste water discharge @8medto ensure that water is not
causing problems to the environmémwater is discharged t&ampling and analysing can

be performed ossite, online and laboratory. Fexamplemanual temperature measurement

at the scene is esite action, and analyser installation to monitor the temperature for a week

is online monitoring.

In Finland quality requirements for water intended for human consumption are presented in
legislation, and basically all tap water provided by municipal tap water producers is potable.
Water intended for human consumption must meet the requirements ix Aindl of

Decree 1352/2015 (Sosiaalja terveysministerion asetus talousveden laadusta ja
valvonnasta seka rakennusten vesilaitteistojen riskienhallinnasta) which is issued pursuant
to Act 763/1994 (Terveydensuojelulaki), and takes into account the reqotserok
Directive 2020/2184 (Directive of the European Parliament and of the Council of 16
December 2020 on the quality of water intended for human consumption). In this thesis,
potable water refers to water intended for human consumption, when discussgubadble

water in general. Annexil lll of Decree 1352/2015 (Sosiaaja terveysministerion asetus
talousveden laadusta ja valvonnasta seka rakennusten vesilaitteistojen riskienhallinnasta)
contains, for example, maximum values for certain microbiological and chemical
parameters, requiremesnfor sampling, definitions for continuous monitoring of quality

parameters, as well as standards that must be used in determinations.

Environmental permiin Finlandcan require waste water quality monitoriieg discharged
water(Ymparistonsuojelulaki 527/20)4Parameters required can vary and their limits may
differ according tathe waterway they are dischargexhly the most important substances
are listed inAnnex 1 ofDecree 713/2014Valtioneuvoston asetus ymparistonsuojelusta

This is to prevent spoiling and polluting waterways and waterbodies.
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Usually,sampling is done due todesignedlan, wherdrequency of samplingparameters
analysedpersonneinvolved, and sampling sites are described in detail (SR$SO 5667
1:2023, 8). A sampling program can be designed fully by standards, if wanted, with different
standards for different waters, sludge, sediment and so onENHSO 56671:2023,
chapter7). To ensure the quality of continuous measurement activity, Finnish Environment
Institute have published a quality manual for continuous watetitgumeasurements
(Tattari, Tarvainen, Kallio, Lepistd, Naykki, Raateoja & Seppéala 2019), which includes good
practices that are needed when replacing traditional laboratory analyses with online

analysers.

Different kinds of samples are used for different purposes. Choosing sample type and
creating sampling programs are based on conditions in water, environment, purpose of the
analysis, and parameters to be analysed{ERF$SO0 56671:2023). Most common types of
water samfes are listed in the Appendix Water sampling for water analysis is the first

step to get water analysed, and therefore an essential part of the analysis process.

With a proper program and planningampling is of high quality and can be repeated if
necessaryPart of the sampling program is quality control sampling, and for example
according to Finnish Environment Institute (Suomen ymparistokeskus 20110 % of all
samples collected in ground water monitoring should be quality control samples or field
blarks.

Sample is representative normally only for the time and place it is collaatetepresents

the quality of water only mentioned exact point of water flow and time-E3¥ &0 5667
1:2023, 25) and is called spot samflbereforeif broader understanding is needed, several
spot samples are needed, and they can be collected periodically with different intervals of
water flow or time, or they can be collected intargér composite sample, which provides

the average compositional data (SES ISO 56671:2023, 25, 26).

When planning and performing sampling, errors must be taken into accourESFEED
56671:2023, 7, 10). Errors in sampling can destroy the whole analysis or lead to errors in
results. Sampling errors can be for example sample collected from wrong Jelagae
identification orlabelling fails, contamination of samplesnd opposite to representative

samplea nonrepresentative samp¥ehich isunusable focollection ofinformation.
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2.2 Water quality parameters

As discussed, measured parameters regarding water quality are importiaistchapter, a
few common parameters are briefly introduced from the point of view of importance in water

quality monitoring, and what a single parameter can tell about water.

Temperature of water can havanimpact to the quality of wateas temperature affects

solubility, chemical reactions, and viscosity (Hassan Omer 2020, 3).

Electrical conductivity ( E C, as payameter is theater ability to conduct electrical
current, and as the electrical currentasried by ions, parameter is indirect measure of ions
in solutions (Hassan Omer 2020, Blectrical conductivity isneasureih semens per met

S/m with Stunits and can be also expressed in millisiemens peremetS/m or
microsiemens per centimetgeS / (SRSEN 27888:1993, 3)

Turbidity in water istheresult when light scatters from suspended solids or is absorbed to
suspended solids, and a very rough correlation between turbidity and suspended solids
concentration exists (Droste 1997, 10B)is the measurement of claritg. transparency

(YSI 2023) put in scaléo be compared with other results of turbidifyurbidity affects
heavily disinfection if done with U\ight, as light can not penetrate water if it is absorbed
by solids in watertherefore turbidity must be removéddwater is treated with UMight
(Sperling 2007, 216). Turbidity is measured in nephelometric turbidity units (NFU)
equivalentformazin nephelometric units (FNUgnd formazin attenuation units (FAU)
(SFSEN ISO 70271:2016)and the scale is from around zero up for FNU (&R6ISO
70271:2016, 10). In Finland, potable water leaving from surface water originated water
treatment facility, turbidity shouldot exceed NTU (Valvira 2024, 39).

Solidsin water are dissolved, colloidal, or suspenaedavhich dssolved solidpass through
filters, when colloidal are more coarse but still uniformly dispersed to solution, and
suspended can partly be classified as settleable soliti®yagsansettle down in standing
water (Droste 1997, 106L07) Solids relations are presented in Figure 1. Total s¢li83

are all solid matter in a sample, suspended s@li8S)are matter retained to filtand are
determined by weighing the filter after dryirdjssolvel solids(TDS) pass filter and can be
determined either evaporating the water friglinate or calculating TSTSS=TDS if TS is
determined by evaporativgater from sampléHassan Omer 2020,i45).
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Total Solids (TS)

Total Dissolved Solids (TDS) Total Suspended Solids (TSS)

Figurel. Solids relationgn water solutiongHassan Omer 2020,i45).

Colour in water can be aesthetic problem when it is from decaying organic matter or
inorganic matter such as stones (Hassan Omer 2020, 3) or colourdyendréginated from
textile industry and highly toxic to both aquatic life and human héaltiohamy, Ali, Li,
Okasha, Mahmoud, Elsamahy, Jiao, Fu & Sun 2022).

Odour and taste in water can be caused by inorganic compounds, organic matter, or

dissolved gases, and can be expressed as numerical value (Hassan Omer 2020, 4)

pH is the dimensionless number indicating the strength of an acid or,asbese between
0714, is determined in 25 °C (Table,Ian have effect to solubility of heavy metals, most
aguatic animals have preferred pH by spe@es very high or low pH is fatal to most of
the fish specieHassan Omer 2020,i67).

Tablel. pH of water at 28C (Hassan Omer 2020,167).

pH<7 Acidic
pH=7 Neutral
pH>7 Alkaline

Alkalinity is the aciéneutralising capacity of water (Hassan Omer 2020, 8).
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Acidity is the measure of acidity in water i.e. the capacity to neutralize bases todggtécte
level, and can be caused for example by carbon dioxidehetak, or mineral acids (Hassan
Omer 2020, 8).

Total organic carbon (TOC) is a direct measure foorganic carbon.e. carbonaceous
organic mattem sampleand it is determined by converting the organic carbon into carbon
dioxide with help of catalyst and hg@&troste 1997, 126Sperling 2007, 31

Chemical oxygen demand(COD) is the quantity of oxygen consumption in chemical
oxidation of the organic matter, thus it is an indirect definition of organic mesttesell as
indirect determinatioriSperling 2007, 3140) and it can be used as indication of pollution
level as it is the amount of oxygen consumed by the sample (Kemp 199&@3)is
measured in mg/L and can be referrecagpotassiumdichromateCODcr or potassium
permanganat€ODwn accordingto the method use(SFS 5504:1988SFS 3036:1981)

COD is meaningful to measure, as it reveals how much of oxygen certain water would

consume if discharged to water body, leaving less oxygen availableaquatic life.

Biochemical oxygen demandBOD) is the quantity of oxygen consumption, through
biochemical processes by microbesich isrequired to stabitie the organic matter, thus it

is an indirect definition ofbiodegradableorganic matterand indirect determination
procedure(Sperling 200731, 36). BOD is measuredh mg/L, and number of days it is
measuredor is markedin subscriptasBODs or BOD7 which arethe most usednes (SFS

EN 18992:1998).If the BOD level exceeds the levels of oxygen available in therywi

will affect aquatic life a®xygen depletion occurs when microbial activity uses all oxygen
from waterwhen decomposing the organic matter (Kemp 1998, 43).

Dissolved oxygen{DO) is a key test for water pollution level, andoxygenis only slightly

soluble in water and very sensitive to water temperature, the higher the dissolved oxygen
concentration is, the better the water quality in open water bad{elassan Omer 2020,

11). Though, tsolved oxygen in water can have negative effect, as it increases the rate of
some corrosion reactions (Droste 1997,&1g according to SFEN 1295212 (2003, 7) to

avoid corrosion in steam boiler systems, oxygen concentration must be below 0.020 mg/L
at its strictest. Hence in water quality mae@snent, the recommended dissolved oxygen

level is highly dependent on the intended use of the water.
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Nitrogen (N) exissin four different forms in water: organic ¢hy), ammonia (NH), nitrite
(NO»), and nitrate (N®), of which high levels chmmonia may be a sign of contamination
with sewage and nitrat&an act aasource of nutrient for algae in water (Hassan Omer 2020,
9).

Phosphorus(P) is nutrient,which exists in both organic and inorganic forms and can be

both particulate and dissolved in water (Sperling 2007, 31, 33).

Phosphate(PO4*) is one of the inorganic phosphorus forms and directly available for use
in biological metabolism, which makes it essenimgredient ofbiological waste water
treatment process and eutrophicating agedidoharged waste water (Sperling 2007} 46
47).

Chloride (CI") is naturally present in water bodies, but high chloride concentration in fresh

water can indicate waste water contamination (Hassan Omer 2020, 8).

Fluoride (F°) ions in moderate amount in water is good for dental health, but excessive

amountscausenealth problems (Hassan Omer 2020, 9).

Sulphateions §0s%) occur naturally irwaters andare no significant danger to health but

in high concentrations consumed can have laxative effects (Hassan Omer 2020, 9).

Heavy metalsin water can be indication of industrial waste water presence, as raw domestic

sewage contains very small amounts, if any, of metals (Sperling 2007, 57, 61).

Microbial activity in wateras quality factor iieavilydependenbn purpose; in biological
waste water treatment microbes are used to purify the water, in drinking water they cause

waterrelated diseases (Sperling 2007, 32, 47).

Relationship between the parameters TOC, CO@ndBOD in wateris, that the BOD is
part of COD, which again is part of TQDavies, 2005, 4{Figure2).
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TOC lotal Organic Carbon
Not oxidisable Chemically oxidisable = Chemical Oxygen Demand COD
Not biologically degradable Biologically degradable Biochemical Oxygen Demand BOD
Hard BOD Soft BOD
Large molecules Small molecules
May take days/hours to degrade Taken up directly

Figure2. Relations of TOCCOD, andBOD (Davies 2005, %

This relationship can determine how biologically treatable waste water is, and ratio
COD/BOD can be used to reviewBiodegradability of waste wateagcording to Sperling
(2007, 40) can be divided to three stages, where low COD{B@id indicates good
response to biological treatment, intermediate COD/B@&Iio needs more study to
determine how biologically treatable the water is, and high CODA@tb indicates the
presence of biologically inert fraction in water, hence probably indicating the foeed

physicachemical treatment over biologigdlable 2)

Table2. Biodegradability of waste watensatio of COD/BOR (Sperling 2007, 40).

Low COD/BODs Intermediate COD/BOP High COD/BODL
<250r3 between 2.5 and 4 >350r4

The biodegradable fractior] The inert(non The inert (non

is high biodegradable) fraction is | biodegradable) fraction is
not high high

Good indication for Treatability studies to Possible indication for

biological treatment verify feasibility of physical chemical
biological treatment treatment
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The ratio of COD/BObvariesdependingonthe sourcein raw domestic sewage it usually

is between 1.7 and 2.4, but industrial sewage can vary widely (Sperling 2007, 41). In some
sources the ratio is expressed in BIIDD, which needs to be turned over if wanted to put

to scale with COD/BOBPratio, or other way round. F@xample,Davies (2005, 4) gives
BODs/COD ratio0.57 0.6to domestic sewage.

2.3 ChemicalOxygenDemand(COD) measurement methods

In order to measure and compare chemical oxygen demand (COWatéasample with
others, standarsikd methods are needéd Finlandstandardsisedcan be national standards
provided by Finnish Standard Association S¥ff@internationalstandardgrovided by the
International Organization for Standardization (ISOpBS.

COD is measured in specified conditions defined in standardsre the dissolved and
suspended matter oxidized pgtassiundichromate K-Cr20O7) and sulphuric acid ($$Qu)

for CODcr or potassium permanganate (KM)@nd sulphuric acid (}$$Qs) for CODwn
leaves residues of oxidant, of which amount is then determined by tit@tidrthen
calculatons are donéo indicate the amount of oxygen needed to oxidize the sai8pte
5504:1988, 1; SFS 3036:1981, }hen COLR; analyses is done according to the standard
SFS 5504 (1988,13), it produces toxic waste containing mercury (Hg) which needs to be
handled accordingly, and from other used substapo¢assiundichromatgK2Cr.07) and
sulphuric acid(H2SQy) are hazardous. CQIA analysis, according staadl SFS 3036
(1981), does not produce toxic wasteyt process uses sulphuric acid.$dy), and
potassium permangangt€MnOa) as a substance itself is oxidizer, harmful if swallowed,
causes skin burns and eye damage, and is very toxic to aquatiat@&endkionalLabour
Organization 1LO2023).CODuwn is usable for slightly contaminated waters and GA®
usabl e for heavily contaminated waters

Roa Moral es, Barrera D?Zaz, Rodr2guez Torr e

Agui |l ar Tor r edfertoseweetartiadds from(yea® 2089 to 2020, which have
studied the possibilities amproving standard protocols or developed new techniques for
measuring COD. In COD determination improvementniseded becausealthough



21

standardsed methods are reliable and reproducible, they use toxic reagemgardatile
compounds can be incompl etely obBonirdprozirgd ( A
the standarded method of determining COD methods can be scaling the stesedardi
method, switching the oxidizer to less toxic, usage of advanced oxidation processes like
photocatalysis and Fenton reactiarsage of fluorescence with photodiode detectors,
electrochemical sensors, and thermal biosensors, but some of these apguaximation

of the concentration of the pollutant beforehand, and some are applicable only for slightly

poll uted waters (Agub)l ar Torrej-n et al . =z

2.3.1 UV-Vis spectroscopy ichemical oxygen demand determination

One of theadvancedmethod for COD determinationis ultravioletvisible UV-Vis)
spectr@acopy wherelight absorbancés used to calculate the COD in waf#vang, Li &

Huang 2019). This is based on LamkRré er 6 s | aw, whi ch states
the light beam is constant, the concentration of the analyte is proportional with the
absorbance of light used (Wang et al. 2019, UY.-Vis method can use one single
wavelengh to determine concentration, but in COD measurementsntbeerence of
turbidity factorhave been an issue to resof\ang et al2019, 1)and recentlythe method

itself has been evoled from single wavelentp measurements to dual waveléng
measurements tdéull spectrum measurements (Chen al. 2021, 877) With single
wavelengh sensors can only provide rough surrogate measurement of organic content
without accurate particle compensation (8hial. 2022, 4).To eliminate the impact of
turbidity and to widen the measurable concentration range wVid\6pectroscopy COD
analyses more than one waveldngbsorbance must be measuaad taken into account in
calculations (Wang et al. 2019,i12). The accuracy of common commercially available
UV-Vis instrumentsaccording toShi et al. (2022, 5Table 1) vary from £0.01 % to £5 %
dependingon measured parameter and instrumeritwhich the CODeq with ProPSV
Photometer by Trios GmbH being the +0.01 % mg/L.

Wang et al. (2019) studied fedpectrum data for UV absorption, and found out optimal
calibration wavelenips to be 235 nm, 265, and 296 nm, of which the 296 nm waykleng
haveseeminglyalmost linear absorbance for used standard solaiddOD with all the
concentrationgrom 1 to 1000 mg/L (Wang et al. 2019, 5; Fig. 3). Together combined to
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their optimal measurement ranges these three waubkenguld cover COD concentration
17 1000 mg/L (Wang et al. 2019, 5; Fig. 4).

In COD determination the UV wavelethgcan vary from 200 nm to 750 nm (Shi et al. 202

5: Table 1, 7: Table 2; Wang et al. 2019, 1), from which 254 nm is the most used single
wavelengh to generate a surrogate parameter SAC254 to determine dissolved organics and
base for calculations of correlated parameters, such as COD, and absorbance at 550 nm is

simultaneously measured for particle compensation (Shi et &, 22

Other \ariation in UV-Vis spectroscopynstrumentparameterdor analyses can be for
examplelight path length, varying from 0.5 to 100mm where longer path length are for
cleaner water and shorter for more contaminated water; 100 mm path length being suitable
for drinking water, 35 and 10 mm for surface water and 5 mm for waste (&tieet al.

2022, 15). Path length has also significant influemtéhe UV-Vis instrument sensitivity,

with the sensitivity increasing as the path length increases (Shi2é22, 14i 15), hence

the cleaner the measured water, the longer the path length can be, the more sensitivity the

analyser can achieve.

Advantages of usage of UVis spectroscopy are no need of sample pretreatment, fast
operation, online determination leading to rapid anomalies deteatidnevent capture
allowing quicker responseggeagenifree operationsandlow operational costs compared to
standard laboratory analysis (Chen et al. 2021, 1; Shi et al. 2022,

Challenges of UWis spectroscopy are possible need ofsfecific calibrations for waters
with complex matrix, recalibration in cases of significant changes in the compositions of
water, need of turbidity compensation, detection difficulty, and datage and pressing
(Wang efal. 2019, 1; Shi et al. 2@24, 5, 15).

Shi et al. (2022, 10, 16) notes that still the most of theMiB/spectroscopy studies rely on

lab- and pilot scaled cases, and this may not cover the water quality variation in actual water
systems, hence to achieve correct measurements, trials are mdegiedhstruments are
operated for new site$he novel nature of the UVis spectroscopy in COD measurement
appears for example inFinnish Environment Institutema n u d aatuk&sikirja
jatkuvatoimisille vedenlaadun mittauksille | Opas hyviksi kaytanndikSuidelines fo

Continuous Water quality measuremep@ui de f or good prac¢tices
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which does not mention chemical oxygen demand as a paraatg&erto bemonitored

online.

2.3.2 Optoseven FSACT1000UV COD and Turbidity Liquid Analyser

Optoseven FSACT1000 UV COD and Turbidity Liquid Analysers manufactured by
Finnish commercial compan@ptoseven Oy. Analyser is designed to measure multiple
parametersand it can monitor several points of procdgplaying up to four parameters

simultaneouslyfOptoseven Oy 2023).

In this thesis, Optoseven FSAT1000 is used to monitor chemicalygen demand and
turbidity. UV absorbance is measured with waveteng54 nm and converted to COD
resultsby the analyser,and turbidity is measurebly nephelometric scatteringith light
wavelengh 850 nm(Optoseven Oy 2024. Also, other wavelengths are possible to use for
UV absorbance, and especially for more turbid watersalvsdrbance compensated UV
absorbance is usedM@kkonen 2028 Analyser is fully automated and uses its own
background liquidfleaning agent sequence in defined intervals for cleaning which means it
does not need manual cleanih@s its own zero calibration adjustment with cleaning agent
can becontrolled manually, automatic or remote, camtiached to process control systems,
can be customised to meet different needs, and it can monitor waters frepurifedd to

waste waters (Optoseven Oy 2024a, Optoseven Oy 2024b).

Optoseven FSACT1000calibration to the certain water is done with calibration samples,
which are analysed both with th®ptosevenFSA-CT1000 and in laboratory with
standardied methods (Optoseven Oy 2023). Calibration coefficient is then calculated
according tahe analyser and laboratory results. This can be done with one sample, which
gives one value for the calibration coefficient, or with multiple samples, which are plotted
against eachother, and trendline amongst them is calculated, whicm thees the
coefficient. Calibration coefficient is then changed in analyser settings; othérgises
values, which need to be calibrated afterwakds.short monitoring periods of only a few
days, it may work better that results are calibrated afterwards, and for longantieakor

two monitoring periodsit is expedient to change the calibration coefficient in analyser

settings
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The same procedure works for COD and turbidity, which are worked with in this thesis. It
is noteworthy that the results are corresponded to the unit the laboratory does the analysis
for COD, either COIgr or CODun.

OptoseverrSA-CT1000 has its own pump to collect the sample, and sampling line must be
tailored to each sampling point. The end of the sample tube is installed few centimeters
below water surface inside of a protection tube, and if the sample line is long, thdiméhole
must be secured with protection tube. Figure 3 presents the sampling installation with
protective tube covering the sample tu&th a different configuration cin FSA-CT1000

samples can also be taken from a pressurised line.

Figure3. Optoseven FSAT1000 sample tube setting with protective tube (Optoseven Oy
2022).

Sampling sequence can be modified according to the needs for samplimxyaFyole,if
contaminating the monitored watgerea problem, sequence can be tailored not to clear the
sample linavith compressed aafter sampling. As the Optoseven FEA1000isoriginally
designedforcont ami nat ed water s, where contami n.
would not be a problem, default settings include sample tube clearing backebBndsand

after every samplingCompressed aior it can be produced by comgssor attached to the
analyser, or it can be from a distribution line. Also if technical water or fire water are

available, they can be used for the cleaning, and compresset aot be needed.

Sampling can be done in intervals of about from every three minutes up to one sampling per

day, this is freely adjustable. Intervals are programmed so the sampling starts from set time
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after previous sampling start, so to say if the sampling interval is five minutes, sampling
starts in every five minutes. Background liquid/cleaning agent interval works for the same
way as sampling sequence and when the analyser is set to automatiog#nsfdirts with

sampling sequence followed by background liquid sequence.

Choosing the right background liquid/cleaning solution depends on the properties of the
water to be analysed. In general, the background liquid must be cleaner from COD, than the
water to be analysed. Secondly comes the other properties, and in mosteages acid

and lye solutions work well for ordinary waste watedscording to observatianby
Optoseven Oy personnel, citric acid works well vagdiicareousnatter and flocculants, and

lye works well for biological dirt (Nieminen 2023)Vith backgromd liquid/cleaning agent

the overall cleanlines of the sample cell is measurked calibration Also the sample cell
cleanliness signal can be checked so thorough cleaning can be carried out. If necessary, the
background liquid and cleaning agent can be two different solutionexkorple very low
concentrations may require i@xchanged water for background liquid and more effective

cleaning solution to keep the sample cell clean.

OptoseverrSA-CT1000 has anatpie 47 20 mA output for remote and process control use
(Optoseven Oy 20B), so it can be adapted to a part of a process control system

Neverthelesshis option isnot covered in this thesis.
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3 Trial periods

This study tested different waters from various purification processes using both laboratory
tests and onlin€OD and turbiditydata obtained witl©ptoseven FSACT1000 UV COD

and Turbidity Liquid AnalyserWaters were monitorefdr periodsfrom two days to three
weeksto recognisepatterns and possible anomaliesd sufficient amount of laboratory
samples wereollectedto understand the behawioof the wates. In every trial, datavere
collected before and aftaprocess or process urtih, allow the comparison between influent

and effluent The study aimed ta broad rangef water qualities and ended up in analysing
municipal waste water, highly variable waste water feoiish farmand natural water from

ahumusrich lake

Data collection time was 13.6.30.82023 infour separate locations, which are explained
in more detail in the following chapters 3.13.4 while the results of the trial periods are
presented in chapter 4. In Appendix 3 all samfd&en and analysed with Optoseven FSA

CT1000 are presentéa numerical order witloverall description.

Operational settings of th@®ptoseven FSACT1000 include sampling intervals and
background/cleaning measurement intervals-deteoperational setting for these were not
changed at the beginning to get to know the analyser function better. Different operational
settings per trial period are reportedhie following chapters. All used operational settings
are presented in Appendix 4. Different background/cleaning liquids used during the trial
periods are reported in the following chapters.Etkground/@aning liquids used in this
study are presented in Appendix 5. Other settings of the analyser, like the wtvefehg
UV-light, and the length ofhe sample tube were not changed during the stddhe
wavelengh was 254 nmwhich is the default setting of the analySére length of the sample

tube was set ttenmeters, as all actual placings of the analyser were not known beforehand.

Figure in Appendix 6 presents the Optoseven &3A 000 intransfer condition with power

wire, tubes and hoses rolled up and attached to an@ysdand for easier handling.
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3.1 Pretrial periodO with tap waterd3.7 19.6.2023

In this thesis pre-trial periodis referred as prérial period 0 (zero).

Optoseven FSACT1000 was delivered 13.6.2023, fully functional and attached to a stand
for the easier moving and usage, to Teollisuuden Vesi Oy office in ManBa&d
introductionof analyser and its functions wgssen,andafew sampling and background
programswere runto demonstrate the operations of the analyser, anemgare the
functionality of the sequence€ommercial battery water was usasl background liquid

Samples I 5 with analyser were recorded as test samples.

Optoseven FSACT1000was installed tacollect samples from water tap in Teollisuuden
Vesi Oy test hall. Tap water in Mantsala is provided by NWesi ja Lamp06 OyFigure4

presents the sampling layout for this test period.

Figure4. Sampling layout itap watepre-trial period0 in test hall.Sampleis collectedfrom
bended hose attached to tap.
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A hose, attached to tap, was turned to a bend, and the sample tube was placed inside it to
collect samples. A small water flow for sufficient sample collection was provided by leaving
the tap slightly open. Excess tap water ran into the sink and fromitiherde drain. The
discharge hose @ptoseven FSACT1000was also directed into the same sink. In Figure

4, green arrow points to the sample tube, and orange arrow points to the discharge hose.

Sample number &asthe first actual samplduring thetest hallpre-trial period and the first
calibration sample was taken at the same tmaaually Samplingntervaltime was preset
to 30 minutes, and backgroumdervaltime was preset tosix hours These settings were
valid for the pretrial period,so they were left as they wef@ommercial battery water proved

to be suitable background liquid for this fireal period.

Two manuakpotsamplesverecollected for calibration

3.2 Trial periodl atwaste water treatment platb®.6.7 4.7.2023

Nivos is the commercial energgptemet water andheatservice provider in Mantsala. Nivos
Vesi ja Lampo Oy is the water and heat services provider, and the trial periednmed
outin thar Kirkonkyla municipalwaste water treatment plafW/WTP) in Mantsala.Trial
period was 19.6. 4.7.2023divided into two partsl9.i 26.6.2023 and 26.6.4.7.2023in
which the monitored water flows wethe WWTP processdischargedeffluent andthe
influent tobiological treatmenprocess, respectively

In Nivos Kirkonkyla WWTR the treatment process includes mechanichgmical,and
biological parts. First steps of the process are screening, grit removal and primary clarifier.
After that water flow splits into two separate traditional biological activated sludge process
lines with aeration tankssecondary clarifiers, and sludge recyclifgfter secondary
clarifiers,water is treateavith two disc filtersin tertiary treatmentNivos WWTP process

uses two chemicalderric chloride is added before secamny clarifier andpolyaluminum
chlorideis added to return sludge from secondary clarifier to aerdtiore is added to line

from primary clarifier to aeration for pH adjustment.

The sampling and analysis took placévwo separatg@ointsin the treatment systerhrigure
5 present the Nivos WWTP process, and the samgpointsare markedvith red crosses
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Figureb. Nivos Kirkonkyla WWTPprocess graphn trial period 1

Thesamplingpointswere

1. From discharge line, right after the tertiary treatment, from the same small pool than

Ni vos o

period 1.1

own

a u t Thismaidl pedod poais [aterirafeged to as trial

2. After the primary clarification, from the spot right before the water flow is splitting

intot wo

nes

for

bi ol ogi cal

treat ment

automated sampling-his trial period points later referredo as trial period 1.2.

For the dischargeeffluentflow monitoringin trial period 1.1Optoseven FSACT1000was

placednear the open discharge canal inside the building where the tertiary treatment is

located.In Figure 6, Optoseven FSACT1000 isshownmonitoling Nivos WWTP effluent

blue arrowpointing to the plastic protection tubef thesample tubeA n a | ydiseharges

hose was led tthe same open channéior thistrial period1.1, samplingntervaltime was

30 minutes, and backgroungervalwassix hours.Citric acidwas used as the background

liquid. From WWTP discharge water, three calibration samples, onecsitegample for

the water quality test, artdio parallel charactesation samples were collected.
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Figure6. Optoseven FSACT1000monitoringNivos WWTP effluenbn trial period 1.1

For monitoring thepretreatedwater flow to biological treatmentin trial period 1.2
Optoseven FSACT1000was placed inside the building locating between aeration units and
secondary clarifiers. The sample tube wasductedhrough the wall and installed inside
the plastic protection tub&he location of the sampling point in front of the buildisg
presentedn Figure 7, wheregreen arrow points to the location of sample tube (left) and to
the sample tube (right), and blue arrow points to the plastic protectiomftabe sample
tube.An a | ydiseharge hose was led to return sludge pipe inside the buildimgliSg
intervaltime was 30 minutes, and backgroumgrvalwassix hours. Trial period was started
with citric acid as thdackground liquid, but it had to be changed toftyemore efficient
cleaning of the analyseAt the samepoint, the backgroundhtervalwas changed tthree
hours.
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Figure 7. Sampling point intrial period 1.2 Pretreated wastewater before biological
treatmentsample tube installed to water canal

From water flow to biological treatment, three valid and one unusable calibration samples,
one composite sampfer the water quality teseindtwo parallel charactesation samples

were collected
Optoseven FSACT1000cleaning after trial period 1 at Nivos WWTP

Optoseven FSACT1000was soiled during the second trial in Nivos, and therefore needed
thorough cleaning. Cleaning wearried ouin the Teollisuuden Vesi Oy office test hall and
included 24 separate backgroumeasurements with R@ater, lye, and citric acid tclean

efficiently both thesample line anthe sample cell.

3.3 Trial period2 atafish farmwaste water treatmef6t7.7 10.8.2023

Thefish farmis locatedn SoutherrFinland o dry landandserves t@roduce fish for further
growing. Trial period was 6.7i. 10.8.2023, divided into three partsii625.7.2023, 25.7.
4.8.2023, and 4. 10.8.2023, in which the monitored water floinsvaste water treatment
were flotation effluent, flotation influent without added chemicals, and flotation influent

with added chemicals, respectively.
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The facility has a biologicalkatertreatment system for recirculatipgocessvaterin fish
tanks and part of the process water is continuously replaced with fresh ater soiled
waste water is called sludgeater,and it consist of the sludge from the biological treatment
process and manually removed fislecesand fish feedrom sludge conesifish tanks
Outgoingprocess wateandsludgewateraretreated with flotatiorand lamella filtratiorin
waste water treatment proces®rmedsludge ishardled in filter belt pressin flotation
process part, large volumes of relatively cleatgoingprocess watearetreated, and on a

daily level, varying amounts sludgewateraretreated alongside.

The waste water treatment procesmsistsof four separate process unitamelylamella

filter, mixer tank followedoy flotation, and filter belt pres&igure8 presentshese process
units and their relationship to each othéfater is pumped fronwo separate collection
tanks to the proces$he hggercollectiontank containgnentionedutgoingprocess water

and smaller tank contarmentionedludgewater.

Collectedoutgoingprocessvateris pumped tahe mixer tankcontainingbothfast and slow
mixing, and from there oimto flotation. Effluent from flotationis passed on to nitrogen
removal outside the building. Part of the effluent is used to make dispersion water to
flotation, andeffluent can also be used as washing water fofiltee bed pressCollected
sludgewater is pumped tthe lamella filter, from where effluent idirectedto outgoing
processwater collection tank. Sludge frothelamella filter andheflotation is collected to

a tank, from where it is pumped to filter belt press. Filter belt press dries the whidhés
collected to interchageable container to be moved to further treatment. Reject water from
filter bet press igeturned backo sludgewater collection tankWhen thelevel of sludge

water rises to prset leight, exceswse is pumped to mixing tank and flotation.

Chemicals are added before mixing, flotation, lamella filter and filter bed press. Chemicals

include coagulant, polymer flocculant, and pH adjustment solution.

The flotation process works as dissolved air flotation (DAF), where pressurised air is added
to water, and this solution is fed to water bed from the bottom. Due to the drop of pressure,
air forms microbubbles, which, when rising upwards, collect the imgsito be removed

into the surface sludge.
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Figure8. Fish farmwaste water treatment procegaphin trial period 2

Sampling points for flotation effluent, flotation influent without added chemicals, and

flotation influent with added chemicals, are market with red crosségytwe 9, where

mixing tank and flotation urstare presented in more details.
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Figure9. Fish farm waste water treatment process graph for mixing and flotation
unit in trial period 2.
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Thesamplingpoints were

1. From open part of the flotation unit, where the effluent flows forward from flotation

part. This trial period poins later referredo as trial period 2.1.

2. From pipeline leading to mixing tank. This trial period poglater referredo as

trial period 2.2.

3. From mixing tank. This trial period poirt later referredo as trial period 2.

For thetrial period 2.1 flotationeffluent flow monitoring,Optoseven FSACT1000was
installed near the flotation unit end, and sample tube was guided with a plastic protection

tubeclose to thesample spotrigures in details are presented in Appendikiguresli 2.

Flotation dfluent trial period2.1 was started witt80 minutes samplinqterval time, six
hours backgroundnterval time, and citric acid as background liquid. Citric acid was
selectedasthe earlier measurements from flotation efflugmwedCOD-levelssuitable for
citric acid as background liquid Henceit was assumethat analyser sample cefieeded
cleaning but itturned out that the effluent was cleaner than citric adidch hence was not

a suitable background liquid for this watArcleaner background liquid, namely RO water
was put to use on the following day and used for the rest of the trial periodfl@ehtef
monitoring sampling interval and background interval were not changed.

For thetrial period 2.2monitoringfor theflotation influent without chemicalshe analyser
was installedclose tothe mixing tank.To obtain the sample from water flow without
chemicalspverflow can installation wassedfor sampling in thisamplepoint. Figures in

details are presented in Appendi¥igures3i 4.

The trial period 2.2 for flotation influentwithout chemicalsvas started with 30 minutes
samplinginterval time, threehours backgroundhterval time, and with ROwater asthe
background liquid. These were selectee to a low effluent COD level, which led to the
assumption that the COD levelinfluent would at least occasionally also be 13w prevent
the soiling of sample cell, backgroumtiervalwas set shorter.e.to threehours After three
days, samplingntervalwas set shorteto 20 minutes, and three days after thraervalwas
set tofive minutes to better capture the COD spik&ackgroundntervalwas kept irthree

hours which worked well fothewhole period.
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Forthetrial period 2.3monitoringfor the flotation influent with chemicaltheanalyser was
not moved from the previoysosition but thesample tube was led straight to the mixing

tank Figure in details is presented in Appendikigure5.

The trial period2.3 for flotation influent with chemicals was started withie minutes
samplinginterval time, threehours backgroundhterval time, and with citric acid athe
background liquid. Citric acid was selecteals the added coagulant chemical was
polyaluminum chloride, which might have been soiled the sample cell if not cleaned
properly.After few days, background liquid stopped flowidge to biofilm growth in the
background liquid, clogging the tubEhe tube wasleanedand the next day newitric acid

was changed to replace the contaminated.

For the whole trial period 2in the fish farm 18 calibration samplesopur samples for the
water quality testeight reduction series samples, six charastgion samples in three

parallel pairs, two samples from citric acid, and one unused reference samgatellected.

3.4 Trial period3 ata nanofiltratiorpilot 15.8.7 30.8.2023

In trial period 3, waters frompilot-scale nanofiltration projeatrere monitored.The plot
projectwas started before the start of theatrperiodand continued aftethe trial period.
Trial period was 15. 30.8.2023, divided into three parts: 1222.8.2023, 22 28.8.2023,
and 281 30.8.2023jn which the monitored water flows wemanofiltration pilot permeate,

nanofiltration pilot concentrate, and influent to nanofiltration pilot, respectively.

Nanofiltration plot processwas installed to a movable container and was attached to
industrial water provider influent water. Influent water was pretreated, huntusake
water. Pretreatment included harsh screenindLamoh coarsesievebeforethewaterentered

thetreatment plant anthe nanofiltration pilot.

Crudely smplified process graph dhe nanofiltrationpilot process is presented kigure
10; graphcontains nair flow, chemical dosin@r other process parts related to thddot
producel permeate, which in this casasthe product, concentrate whiglaswaste in this

case, and waste water from chemical cleaning cycle and backwash cycle.

Pilot process lhone membrane, otheecessaryprocess parts to run it, tank for permeate,

as it was used for backwash and in chemical cleaniagd tanks for chemicalshe
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chemicals used wemgtric acid solution and lye solution, which were mixed in about ten to
fifteen liter batches and added tteeir tanks. Trial period samplingooints are marked to

Figure 10 with red crosses.
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tank
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Figurel10. Simplified process graph for trial perioch@nofiltration pilotmonitoring

Thesamplingpoints were

1. Frompermeate hoseyhich was led to dischargmnalinside the adjacent building.
This trial period points later referredo as trial period.1.

2. Fromconcentrate hose, which was led to dischaegalinside the adjacent building.

This trial period points later referredo as trial perio.2.

3. From constructedsampling system, water coming from water treatment plant

influent pipe This trial period points later referredo as trial perio.3.

For the permeate and concentrate monitoi@gioseverFSA-CT1000was installed inside
the adjacent building, where the discharge h&rees nanopilot process containgere led.

For the influent monitoringheanalyser was placed closer to the influent pipe, near another
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discharge canal inside the buildifgcan installation wassedto collect samplem all three
trial periods The figurescorresponding to this trial period poiratse presented iAppendix
8 Figuresli 3.

Forthe trial period 3.Inonitoringnanofiltrationpermeatesamplingintervalwas set tdive
minutes, and backgrountervalto threehours, aghe potentiakoiling effect coulchot be
anticipatedThe permeate wadsown to be relativelglean, so Divater was choselfor the

background liquidThese settings worked for this trial period.

From permeatdwo calibration sampleserecollected Additionally, two big samples were
collected and divided to smaller parallel samfigs,from each, which werenecalibration
samplefwo charactesgation samplesynemetal elements sample aodefor the rest of the

water quality test.

For the trial period 3.2nonitoring nanofiltrationconcentrate, samplingtervalwas set to
five minutes and backgroumatervalto threehours.As thetreatedvaterwith nanopilot was
known to be humusich, citric acid was chosen to be the background liquid for concentrate

monitoring.These settings worked for this trial period.

From concentratewo calibration samples wereollected Additionally, one big sample
were collected and divided to smaller parallel samples, which everealibration sample,
two charactesation samplespnemetal elements sample andefor the rest of the water

quality test

For the trial period 3.3nonitoring nanofiltrationinfluent, samplingntervalwas set tden
minutes and backgroundtervalto threehours.Large variations wergot to be expected in
the influent, so no tight samplaterval was neededCitric acid was kept for background
liquid. These settings worked well for this trial period.

From influent one calibration sample wasollected Additionally, one big sample were
collected and divided to smaller parallel samples, which weezalibration sampletwo
charactesation sampleggnemetal elements sample aokefor the rest of the water quality

test.



38

3.5 Water samplesollectedand analysed in this study

In this studythe sampling wasarried outas follows:

1. Spot samplegollected manually (calibration samplewater quality tessample,

charactesation sample) andnalysed in accredited laboratorieqLaboratory A

and Laboratory Bn Finland, and_aboratory Gn Germany).

Composite sampléor water quality testtaken with remote-controlled sampler
over certain time period (Nivos dischard, Nivos pretreated influeni.2) and
then collected manually from the container of the sampler and analysed in

accredited laboratory (Laboratory A.

Spot sampletaken and analysed with Optoseven FSAT1000 UV COD and
Turbidity Liquid Analyser .

Spot samples, taken and analysed with OptoseverG-BA00, were taken from:

1.

In office pretrial period0, hose wasurved,and samplavascollected fromcurve
(Figure4 in chapter3.1).

In waste water treatment plamial periods 1.1 and 1.2both sample spots were open

wastewater canal§igure 6 andFigure7 in chapter 3.2

In fish farmtrial period2.1, flotation effluent was collected from open part of the

process unifFigure2 in Appendix 7)

In fish farmtrial period 2.2, flotation influent was collected from samplingcan

application(Figure4 in Appendix 7).

In fish farmtrial period 2.3, flotation influent with chemicals was collected from

open part of mixing tankFigure5 in Appendix 7).

. In nanopilottrial periods 3.1 and 3.2pilot permeate and concentrate samples were

collected froma samplingcan applicationKiguresl and 2in Appendix8) adapted

in nangilot containerischargehoses.
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7. In nanopilottrial period 3.3, pilot influent sample was taken from sampling pipe
joint, afew meters after theandiltration pilot container influent pipe joint and was
conducted to neathe analyserwith hose (appramately 25 meters), hose end

attached t@ samplingcan applicationKigure 3 in Appendix8).

Samples were numbered from 1 to 83 for iienual samplesand from 1 to 9076 for the
analyseitaken samples; analyséabeling the data automaticallyManual samples are
presented in Appendi®, and OptoseveRSA-CT1000samples are presented in Appendix

3 with overall description.

All samples are referre by their number and the overall definition of the sample when
needed, to keep it clear which sample is in question. Some ofidhealsamples never

ended up being analysed in laboratory; this is explained sepdmtétgese sampleSome

of the analyset aken samplesd results are excluded
these cases are explained separately case by cdlsedesamples.

Manual samplesvere grabbed to either-lBer plastic can, diter plastic bottle, 0.8iter
plastic bottle, or 0.04ter plastic container. All sample containers were new, and never been
used forsamplingbefore. Some of the samples were collectedlitebcan, from which it

was distributed into smaller bottles or containers.

Manual samples were grabbed below surface when taken from open canals and tanks. To
achieve high reliability, a uniform manual sampling protocol was applied. For the cleaner
water samples, sample bottle was rinsed with sample water before the actualvsasnple

taken.

For sample grabbing below standing platforfior Nivos WWTP trial periodsl.1 and1.2
calibration samplgs a samplingrod was used to reach the water level safeilgure 11

presents aamplebottle attached ttherod.
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Figure 11. Plastic sample bottle attached to rod for grabbing the sample below standing
platform.

The samples wereansfered from thetrial sites in a cooler bag, containing ice coolers to
keep the sample <cool . Samples were store
refrigerator if needed, before transfer to laboiarinnanofiltrationtrial period 3the big
parameter samples were deliverechéaby laboratory the same day they were taken and

kept cool between grab and deliveBalibration samples fromamofiltration trialperiod 3

with parameters COD and turbidity were not as criticatertime, and calibration samples

from nanofiltrationtrial were storedtool until the end of trial and deliverdd laboratory

after that, so they could be analysed in the same laboratory as the other calibration samples.

Charactesation samples werkeptfrozen as they were being held pending a decision of
which of the samples to be studied. Two parallel charaatem samples were collected

from eachsamplingspot, so the visual inspection after the melting of sample could be done
to one while the other remained frozen. This procedure appdied as thdaboratory
performing charactesation studies was in Germany, and samples had to be kept as stable as

possible when waiting the study.
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4 Resultsanddiscussion

In this chapterresults from the trial periods apgesentednoteworthy poits that have
influenced the resulere mentionedand conclusionsased on the results atewn Waters

in trial periodswere monitored andanalysed in the orddrom cleanest to dirtieones,
effluensbefore influens andconcentrateAim of this study was to examine the applicability
of the Optoseven FSACT1000 UV COD and Turbidity Liquid Analyseif the case$ad
been to calibrate the analyser to monitor for longer tiamesachieve actual online results

it might have beereasonabléo monitor both process ends (influent/effluent) several times

to find the best sampling points for the proesss

4.1 Laboratory parameters anadyl to charactese water qualit in trial periods

In this study, following parameters were arsaly in laboratory: pHelectricalconductivity

(EC, 0), turbidity, total organic carbon (TOC), biochemical oxygen demand {BOD
chemical oxygen demand dichromate (C&)Dand/or chemical oxygen demand
permanganate (CQR), nitrate (NQ), nitrite (NO), ammoniumnitrogen (NH"), total
nitrogen (TN), phosphate (RE), total phosphorus (TP), siate (S@%), chloride (C),

total suspended solids (TSS), total dissolved solids (TDS), and metal elements (Ag, Al, As,
B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, Sn, Sr,
Ti, TI, U, V, Zn).

Parameters with their units addtermination methods used by the laboratoeypresented

in Appendix10. When all the mentioned parameters were analgsed 1 Wat er , qu al
minimum offour liters of water was neede@he wholeset ofparametersvasanalysedat
minimumonce per sampling point in trial perioland3, and from sampling points 2.1 and

2.2 as in the sampling point 2.3 the odlfference was the addition of chemicaluality
requirements and recommendations for water intended for human consumption are
summarised in Appendix 11 to the extent that corresponds to analysed parameters in this

study.

To calibrateOptoseven FSACT1000 results, COn and/or COR, and turbidity were
analysedn laboratorymore than once per sampling pointfish farmtrial period2, to study



42

the reductioroverthe flotationprocessa set ofturbidity, TP, TN, TSS, and CQla and/or
CODcr was analysedCharactesation of COD was done in practice as charasaéon of

total organic carbon (TOC).

In chapter 2.2 Water quality parametats individual parameters are presented based of
their contribution towater quality.Results from laboratorgnalyses are discussed by the
trial period in their chapters 3l.i 4.6 and the full resultsvith comparison with the
requirements and recommendations for water intended for human consynaptiothe
characterisation resultse presented iAppendix 12 As no microbial test were done from

the monitored waters, no comparison to microbial activity and COD were not possible to

evaluaten this study

Analyses from laboratories were not requested with fastest delivery. There was no reason to
obtain them to the next day, as the calibration for results for each trial period was done only

after thetrial period was over.

4.2 Data handlingandcalibrationof resultsduring this study

In order tocalibratethedata in this study, following steps of data handlireyeperformed:

o Calibration samples ardptoseven FSACT1000samples were paired, guatit was

clear which of the analysermalescorresponddto which calibration samples.

o Data wereretrieved from th®©ptoseven FSACT1000via the internet. The datvere

in .csv format file, which can be opened with, for exanipierosoft Excel.

o The data file was saved to certain folder, which contairksth formatExcel file,

which contained specified macro.

o Excel file macro was used to convert the content of .csv file nmore readable

format.

o This slightly processed dateevecopied from.xlsm Excel file to .xIsx Excel file to
be processed further. Pastethe new file was done with Paste specifinction
fivalues and number formatdn this point, all dataverecollected to one file, and
paralleltothatc ut t o every trial period sampl:
the samples were excluded at this p&iam the separatiial periodfiles. This led
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to one file with all the data amnefiles with one sampling point relevant data in

each of them.

o Calibration data wrecollected from laboratory analyses and frOptoseven FSA
CT1000results ineach of the sampling pointisx file.

o Calibration curve was plotted with data, by drawing the trendline for the calibration
data correspondenceSlope of trendline was the calculatealibration coefficient.
There werdahreedifferent possibilities to draw the trendlimath the plotted data

o Trendline without any modification
o Trendline througtorigin point (0,0).
o Trendline with added 0,0 dot in calibration daithout furthermodification

o Suitable trendline drawing system waslected after the abovementioned three

variations were used for the pirgal period calibration sample results (chapter 4.3).

o Results retrieved from th@ptoseven FSACT1000were calibrated with thebtained

calibration coefficient.
o Calibrated results were used to
o Draw different kind ofgraphs to illustrate the results in common
o Draw different kind of graphs to illustrate behaviour of the analysed water

o Pickupspecificvalues and draw graphs based on tigmapter 4.6.2Figure
28).

o Exclude some of the valugéthey were not usable

In Appendix13 examples of datarepresented irthreestages of handling procesiatain
.csv file,data converted to .xIswrmat insampling point data file, and calibrated COD and
turbidity data.

The results were retrieved from tptoseven FSACT1000mostly dailyduring the trial
periods By doing so, it waensuredthat theyaccumulatedand their level remaed as
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expected, and the analyser gdgnline. Also the cleanliness of tkample cellvas checked

once in a while to be sure that the background liguadworking well.

In this study, the calibration was donetwo parameters Optoseven FE&N 1000 was
measuring: COD and turbidity. COD was calibrated to @@Br COLxr depending on

which could be analysenh laboratory.

4.3 Results of the re-trial period0 with tap water

During the prerial O tap watemonitoring data werecollected fromTuesdayl3.6.2023 to
Thursday15.6.2023 and fronkriday 16.6.2023 tdVlonday 19.6.2023, as 15. 16.6.2023

water tap was needed to other purposes.

As anticipated tap water in Teollisuuden Vesi Qgsthall showedow COD concentration

and low turbidity Calibration testwere done to COlh as it ha lower detetion limit, in

this case 0.5 mg/LFirstcalibrationsample had COD belo®ODwn detetion limit, so the
calibration had to be done by choosing the value foCammon practicean cases of
concentration of parameter below detection limit, is to use 0.5 factor for detection limit to
have a value, whicthencan be used to calculations. In this case, 05 mg/L equalled

0.25 mg/L. Laboratory anigsed results used in calibratidor COD and turbidityare
presented in Appendix 12 Table 1.

Figure12 presentCODwn calibration dataf pretrial period Oplotted and trendline drawn
based tdt in Excel Though theR? for thetrendline functiorwas one (R=1.00), it would

not be usable for data calibration aut third of the data went below zero when calculated
with this trendline function i.e. it turned out that first trendline drawing method mentioned
in chapter 4.2 did not work.

Figure 13 presents CQJa calibration data of prérial period O plotted and trendline drawn
based to it in Excel, trendline through origin. For trendlife(R1 but with the retrieved
coefficient correlation function y=0.06x, all data stayed positive when calibrated to right
level. Hence the second trendline drawing method mentioned in chapter 4.2 was working

better than first.
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Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | CODyy,  turbidity
11:50 |13.6.2023 1 6 6.26 4.38 0.25 0.16
10:00 |19.6.2023 2 242 7.39 3.28 0.6 0.18
o O : o)
Pre-trigl perilod 0, CODMu cz}libration mg/L §—031x- 170
Trendline without modification <0.5 value set to 0.25 R*=1.00
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Figure 12. Screenshot of preial period 0 tap wateCODwn calibration data plotted
trendline withouimodification.

Metropolilab
Opto mg/L FNU
Time | Date Sample cal. |Sample Opto| COD  turbidity | CODyy,  turbidity
11:50 | 13.6.2023 1 6 6.26 438 0.25 0.16
10:00 |19.6.2023 2 242 7.39 3.28 06 | 018
o O 0
Pre-trial period 0, COD,, calibration mg/L
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Figure 13. Screenshot of preial period 0 tap wateCODwn calibration data plotted
trendline througtorigin.
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To further check the appropriate method to retrieve calibration coefficient fofg; @iz

third method with added 0,0 dot and no modification for trendline was tested. Result was
R?=0.79; this was lower than with the second method, but when data were calibrated with
the function retrieved, it turned out data were in practice identical with the data obtained
with the second method. This method is not presented with figure.

So in this case, calibration coefficient retrieval for Ggvas successful with the second
method and the used calibration coefficient was 0.06 fotr@eO data.Also, if the case
had been to calibrate ti@ptoseven FSACT100Q only one coefficient with no additive

factors would have been possible to usth@éanalysesettings.

Same procedure waextgone through for turbidityand as resulthe second method with
trendlinethrough originworked well for turbidity as well. First method gave descending
trendline whichwas not usableScreenshotsf the procedure are presented in Appentix
Obtainedcalibration coefficientvas 0.04 which then was used to calibrate the turbidity

data.

Figure 4 presents the variation in tap water C@@oncentration and turbidity during pre
trial period0. CODwun is mostlybetween 0.2 and Dmg/L and turbidity mostly between 0.1
and 0.3 FNUCODuw, variation does not seem to havelearpattern, thought in this level
as it stays under 1 mg/L the whole time, variatiomssgnificant.
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Pre-trial 0, COD,, + Turbidity results
7 days chart time
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Figurel4. Pretrial period Q seven days chart tim€ODwn and turbidity results

From the results can be seen that the tap water provided by Nivos had lown, COD
concentration and low turbidity over the trial peritmlthis kindof monitoringOptoseven
FSA-CT1000would definitely show if tap water quality measured by CO&r turbidity

changes.

4.4 Results othetrial period latwaste water treatment plant

In Nivos Kirkonkyla WWTR to increase the denitrification level in biological treatment,
primary clarifier isbypassedor a certain period of timeevery daywhen waste water
temperaturegachs definedlevel in the summerWhen primary clarifier is bypassedpre
organic carbon enters biological treatment, enhandamgtrification.When bypass ends, it
takes about two hours for the primaryrdiar to fill up, and during that time there is no
water flow forward to biological treatmeriDuring this trial periodorimary clarifierwas
mostly bypassed from 21:00 to 16:@@aning it was in use abdiite hours per dayin this
WWTP, the only flow measament ighedischarge flow.
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4.4.1 Trial period 1.1 WWTP discharge effluent

Trial periodl.1waste water treatment plant efflustarted on Monda$9.6.2023and ended

on next Monday6.62023 Calibration for the data collected during trial period 1.1 WWTP
discharge effluent was done with the second method presented in chapter 4.2 andmesulted
coefficients 0.B and 0.17 for COB and turbidity, respectively. Screenshots of the
procedures are presented in Appendi¥idgures 1i 2. Laboratory analysed results used in

calibration are presented in Appendix 12 Tabl&€3,S 7,S .8

Optoseven FSACT1000collected samples in 30 minutes interval, and as Figure 15 presents,
the COLxr and turbidity levels in effluent remained at constant levEite Midsummer
weekend(Friday 23.6.1 Sunday 25.6.)s visible in the resultswherethe overallCODc,
leveldecreases a little. People tend to move to cottagssifiomer weekends and especially

for Midsummerweekend which led toa decreasean WWTP influent flowduring the
weekendand further to alight decrease in efflue@ODc, level (Figurel5). The peak on
26.6.2023 morning is frora cleaning operation of one of the secondary clarifiefsen a

pipe was opened and amount of debris went forward to tertiary treatment and discharge. This
phenomeaon was also clearly visible in Nivé®wn effluent monitoring system and lasted

for about three hours

Trial period 1.1 COD, + Turbidity results
8 days chart time

COD(Cr) mg/L, Turbidity FNU
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0
19.6.2023 20.6.2023 21.6.2023 22.6.2023 23.6.2023 24.6.2023 25.6.2023 26.6.2023 27.62023
Date
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Figurel5. Trial period 1.1 eightdays chart timeCODcr and turbidiy results
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Figure 16 show€ODcr and turbidity results added witheinformation of water flowfrom
Nivos WWTP (lilac curve) and thénformation ofprimary clarifierusage(yellow curve)
During zeroeffluent water flowOptoseven FSACT1000collected samples from standing

water remaining in the discharge water pool.

Trial period 1.1, CODg, + turbidity results, water flow and primary clarifier bypass times
8 days chart time
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——COD(Cr) Turbidity Water flow = 1, zero water flow= 0 Primary clarifier in use = 0.5, bypassed =0

Figure16. Trial period 1.1 eightdays chart time, CO& and turbidityresults with water
flow and primary clarifier bypass information.

The small dips in graptiuringthelongertimes of zero water flow and after zero water flow
may be subject to the zero water flow and after the flow return, primary clarifier collecting
more of the organic load before biological treatm@mteexplanation for théower COLx,

can be the standing water, where particles contashggadablenatter leading to increased
COD may have settled down. Overall, no clear correlation for primary clarifier usage and
CODx; levels in effluent could be seen in this trial peribi@ither water flow nor primary
clarifier bypasdada visible effecton turbidity level. The nformation about the zero water
flow times and bypass times was collected from Nivos Kirkonkyla WWTP process control

system by the operating engineer.

Nivos WWTP usesautomaticsample collector tmbtain 24 hours composite sample for
analysis.Samples foNivos WWTP own composite sample from discharged effluearew
collected 20.6.2023 07:3021.6.2023 07:30. During this time, sample collector took 56
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samples. Effluent sample collector is flmontrolled, and it takes the sample every 20 m
From this composite sampfeur liter of sample was collected to be the water quality sample
for trial period 1.1 WWTP effluenfTwo parallel charactesation samples were collected

parallel to one of the calibration samples.

Laboratory analysedater qualityresultsin detail are presented in Appendi Tables3 i

4. No charactegation was done from the samples from this sampling point.

As anticipated, water quality test results re#elthis monitoredwater being treated waste
water.CODcr was 26 mg/L, CORn 9.3 mg/L, turbidity 3 FNU BOD; 3.6 mg/L,TSS 6

mg/L and TDS 558 mg/Lof which CODwun over recommendations if the water was for
human consumptiofAppendix 12 Table 3S 6). COD levels are relatively lowqut as
CODcr was possible to determine water is mtgan TDS reflects the impurities being
present even thoughow turbidity indicates water beingelatively clear. Nitrogen
compounds had high concentrations, which was not surprise as the WWTP uses nitrification
and denitrification in the waste water degradation process;Wd3 1.4 mg/L (over required
maximumO0.50 mg/L), NH" was 1.3 mg/L (over recommendethximum0.50 mg/L) and

NOs was 38 mg/L (near requiredaximum50 mg/L) (Appendix 12 Table 3, S 6). Most of

the metal elements were found, but only a few in high concentrations; iron, manganese,
sulphur,and silicon, of which iron and manganese over recommendatidhe water was

for human consumption (Appendix 12 Table 4, S 6).

Flow of treated waste watappears to be viable place with Optoseven f£3A000, but in
this case it did not givadded value fomformation that couldhavebeen achieved with the

alreadyexisting measurements.

4.4.2 Trial period 1.2 WWTP pretreated waste water

Trial period 1.2 waste water treatment plant pretreated waste water started on Monday
26.6.2023 and ended next week Tuesday 4.7.2023Calibration for the data collected
during trial period 1.2 pretreated waste water was done with the second method presented in
chapter 4.2 and result&d coefficients 1.01 and 10 for CODcr and turbidity, respectively.
Screenshots of the procedures are presented in Appehdixgares3 i 4. Laboratory

analysed results used in calibration are presented in Appendix 12 T&% 3 13, S 15
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Optoseven FSACT1000collected samples in 30 minutes interval for this trial st&bsults
seem to show a daily pattemWWTP pretreated water CQband turbidity levelgFigure
17).

Trial period 1.2, COD, + turbidity results
9 days chart time
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Figurel7. Trial period1.2 ninedays chart time, CO& and turbidity reults.

Figure 18 shows COfand turbidity results added with the information of water flow from
Nivos WWTP (lilac curve) and the information of primary clarifier usage (yellow curve).
During the zero water flow tim&ptoseven FSACT1000collected samples from standing
water remaining in the water canal leading to the two biological treatment Dady.
patterndn CODx, or turbidity levelsappear idependentfoprimary clarifier bypass, as the
samepatternis alsoseen in those days primary clarifier is fulypassed. Thithree days
period of bypassvas due to problems with primary clarifier sludge puifipe nformation
about thezerowater flow times and bypass times was collected from Nivos Kirkonkyla

WWTP process control systdmy the operating engineer.



52

Trial period 1.2, COD¢, + turbidity results, water flow and primary clarifier bypass times
9 days chart time
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Figure 18. Trial period1.2 ninedays chart time, CO® and turbidityresults with water
flow and primary clarifier bypasaformation

One resulin this trial period 1.2s questionableandit is represented as zero (Thereis

no explanation what have been hamzbibut sample analysed 27.6.2023 at 11:55 gave odd
values in three out of five valu@ptoseven FSACT1000wrote tothedata. Possibility with
this sample was some kind of a lump in sample water, which gavevab high enough
the analyser to not to give it a value at @he high peak analysed in 30.6.2023 at 13:39
having calibrated value of 1152 mg/L Capstands outemarkably but is not questionahle
Some other values around it are also high, and it occurs at a time when pgakealues

although lowerwereobserved othe other days.

Samples for Nivos WWTP own composite sample from pretreated waste water were
collected 3.7.2023 07:004.7.2023 07:00. During this time, sample collector tab&ut 25
samples. Sample collector is flesontrolled, and it takes the sample every 80Fmom this
composite sampldpur liter of sample was collected to be the water quality sample from
trial period 1.2 WWTP pretreated waste walewo parallel charactesation samples were

collected parallel to one of the calibration samples.

Laboratory analysedater qualityresults in detail are presented in Appendix 12 Tablies 3
4. Charactesation (TOC) was done from a sample from this sampling point, results in detail

are presented in Appendix 12 Table
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Water quality test results reflectthis monitored water being partly pretreated, almost raw
waste water. COBwas 470 mg/L, turbidity 160 FNU, BGI290 mg/L, TSS 240 mg/L and

TDS 547 mg/L(Appendix 12 Table 3, S 14Yurbidity refleced the unpleasant, cloudy
appearancef the water. As the recommendation for turbidity, if the water was for human
consumption, i s i alanewopldbe enbugh thtgll the water ndt,being h i s
consumableThe ratio COR/BODy for this water from 470 mg/L and®0 mg/L was 2.5,

which indicateghe high biodegradability (Chapter 2.2 Table 2. Sperling 2007,tA0ught

it is not determined from BOLxs in the referencé&lH4" was 50 mg/L (over recommended
maximum 0.50 mg/L if the water was for human consumption) (Appendix 12 Table 3, S 14),
which is the main form of nitrogen in waste waters. Other nitrogen compounds were below
the recommended maximuiMost of the metal elements were found, but only a few in high
concentrations; aluminium, iron, manganeseiaui, and silicon, of which aluminiuniron,

and manganese over recommendations, if the water was for human consumption (Appendix
12 Table 4, S 14 haractesation resuls reflect the water being pretreated waste water with
high ammonium concentration and high concentration of biodegradable materials (Appendix
12 Table 5).

Dirty waste water is the type of wat@ptoseven FSACT1000is designed to monitor, so
this was an interesting trial period. A clear daily variation in results was notictakiés
case there were no other online measurements in the sampling point, so this kind of online

analysing would definitely be a good addition for gathering information.

4.5 Results of thertal period 2at afish farmwaste water treatment

Trial period 2 at a fish farm was challenging dueltetricity cutouts anchalfunctionswith

thebackground liquid

4.5.1 Trial period 2.1 flotation effluent

Trial period2.1 flotation effluent monitoringtartedon Thursday6.7.2023, but since the
first day results of this triakmained below zerdhey are excluded from calibrated results.
Also amalfunctionin Optoseven FSACT1000background liquid can was encounterEde
background liquid can did not get replacement air, lapdd did not flow, so the analyser
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gave no values for about one daye data presented in the following figustarts from
10.7.2023 morningafter the background liquid can malfunctiaas repairedOptoseven
FSA-CT1000collected samples in 30 minutes interval for this trial periothl period 2.1
endedon Tuesday?25.7.2023 morning.

Calibration for the data collected during trial period 2.1 flotation effluent was done with the
second methodnentioned in chapter 4.2nd only to CODun, as all COR; levels in
calibration samples from this trial perioginainedoelow detection limitAs a whole, there
were 14 samples that could have been used for calibr&ivmcalibration samples were
collected dring the actual trial period 2.and four were collectedight after it astwo
calibration samples artd/o water quality sampleandfive samplesnorewerecollectad as
parts of reduction seridater. It turned out, thaninefirst calibration samples gave better R
for calibration curves for both CQIJa and turbidity than all 14 samples, so onipefirst
resultswere used to draw the trendline and approach the calibration coeffidietesulted

in coefficients 0.17 and 065for CODwn ard turbidity, respectivelyScreenshots of the
procedurs are presented in Appendi® Figures5i 6. Laboratory analysed results used in
calibration are presented in Appendix 12 TabéndTable9: S 27 S 33

Figure 19 showscleardaily patternwith high peakson CODun and turbiditylevels. The
explanation to this dailgatternended ugeingthe morning shift start on 07:00, and as shift
staredwith fish tank cleaningyater with high concentrations of fish feces and feed started
to flow to end up to flotation and to the effluent C@DIn the middle ofFigure 19 these
daily peaks disappeahanks to the amendment of a coagul&inst days of this chart the
suctionpipe in coagulant tank was not beldle liquid surface, and when this was fixed
14.72023, it hadanimmediateeffect to the morning peaks.

Flotation malfunction due to electrical cutout occurred 24.7.2023 early moyeitr@QO Dvin

and turbiditystill stayedrelativelylow even the flotation dispersion water was not working
at all(Figure 19) This might have res@t from the water flow not containing large amounts
of sludgewater as the staff were busy to operate the facility after electrical cutout and

cleaning of the fish tanksagslower.The flotationoperation was restoratlring the day
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Trial period 2.1, COD,,, + turbidity results, 16 days chart time

10.7.2023 0.00 12.7.2023 0.00 14.7.2023 0.00 16.7.2023 0.00 18.7.2023 0.00 20.7.2023 0.00 22.7.2023 0.00 24.7.2023 0.00 26.7.2023 0.00
Date

COD(Mn) mg/L, turbidity FNU

—COD(Mn) Turbidity

Figurel19. Trial period 2.116 days chart time, COf» and turbidity results

Samples collectefibr laboratory analysesom this sampling point:

0 Three calibration samples with two parallel charasa¢éion samples parallel to one
of the calibration samples. These calibration samples were tested but not used in
calibration, as the timgeriodthese samples were taken the analyser gave data below

zerowith the citric acid background liquid.
o Seven calibration samples
o Five samples for reduction series; these were not used in calibration.
o Two water quality samples, of which results were also used in calibration.

Laboratory analysed water quality results in detail are presented in Appendix 18 Jable

10. No charactegation was done from the samples from this sampling point.

Both of the water quality test resuttad lowCODwn (1.5 and 2.3 mg/L), low turbidityl(9

and 3.1 FNU)low BODy (1.6 and 2.8 mg/L), low TSS (8.3 and 9.8 mg/L) and moderate
TDS (176 and 154 mg/L) (Appendix 12 Table 9, S 27, SHiBogen compounds hadgh
andmoderateconcentrations: N©was 0.45 and 0.51 mg/L (required maximum 0.50 mg/L
if the water was for human consumpfipfNHs* was 0.32 and 0.3 mg/L (recommended
maximum 0.50 mg/L) and NOwas 20 and 20 mg/L (required maximum 50 mg/L)
(Appendix 12 Table 9, S 27, S 33) and their presence in thisveasesign of the nature of

the flotation influenbeingoutgoingprocess water araludgewater with fish fecedVlost of

the metal elements were found, and only a few in high concentrations; aluminiphursul
and silicon, of which aluminium over recommendations if the water was for human

consumption (Appendix 12 Table 10, S 27, S, 3% there are no recommendations or
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requirements for maximum amounts of@wir of silicon. Aluminium levek in this case

werea residue from usef polyaluminum chlorideoagulant.

In this kind of monitoring Optoseven FSATO00wasin a right place. The first days of

COD daily pattern was assumed to be normal, as it showed high peaks in time after the fish
tanks cleaning, but after the chemical dosing normalisation it was clear that such high peaks
were due to the malfunction. Thaerval of sampling and analysing was 30 minutes, which
was usually frequent enough to catch the peaks, as the peaks lasted for hours. Other similar
cases, which might have shown shorter peaks in behawould need a more frequent

sampling interval.

4.5.2 Trial period 2.2 flotation influent without chemicals

Trial period 2.2flotation influent without chemicalstartedon Tuesday25.7.2023 with
reduction series samplewhich are excluded from results grapAsso a malfurtion in
Optoseven FSACT1000background liquid can waancountered, when background liquid

can did not get replacement air, and did not flow, so the analyser gave no values for about
eight hours; this time is shown as empty time in the graPpsoseven FSACT1000
collected samples iB0 minutes,20 minutes, andive minutes interva (exact details in
Appendix 4) Trial period 2.2 endedn Friday4.8.2023morning

For this trial period both COW and COLR; calibration samples were successful so the
results were possible to calibrate referred to pothe ven t hough all the
results were not usable for calibrati@alibration for the data collected during trial period

2.2 flotation influent without chemicals was done with the second method mentioned in
chapter 4.2nd resultedh coefficients0.15 1.29, and0.85 to CODun, CODcr and turbidity,
respectively. Screenstsodf the procedures are presentedAppendix B Figures7 i 9.
Laboratory analysed results used in calibration are presented in Appendix 12 Tal2é

S32 and Table 11: S 28,30, S34.

From Figure B presentingCODwn and CODc, resultscan be seen thdeeping in mind
which one of the two possible chemical oxygen demand guestionis essential when

reviewing and comparing results. Difference between these two valtlgs specific case
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is remarkable, as CQpvalues are roughly 8.5 times the C@¥alues.Figure 2 presents
CODwn andturbidity results, and FigureZpresents COB andturbidity results.

Trial period 2.2, CODyy, + CODg, results, 11 days chart time
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Figure20. Trial period 2.2,11 days chart timeCODwn andCODc;, results.

Trial period 2.2, CODy, + turbidity results, 11 days chart time
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Figure21. Trial period 2.2, 11 days chart time, C@and turbidity results.



58

Trial period 2.2, COD¢, + turbidity results, 11 days chart time
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Figure22. Trial period 2.2,11days chart time, CO& andturbidity results

As was anticipatetiasedof thedaily patternin flotation effluent before the chemicals were
restoreddaily pattern in COD and turbidity is seen also in flotation influent (FER0da

22). The dailymorningpeaks inCOD and turbidity were due to the fish tanks cleaning in
thebeginning of the morning shifThis daily pattern is not identical every day, as cleaning

is done manually and simultaneously with other tasks in the facility.

Samples collected for laboratory analyses from this sampling point:
o Four samples for calibration
o Two parallel charactesation samples parallel to one of the calibration samples.
o Two water quality samples, of which results were also used in calibration.

o Onesample for reduction series,which resultsverenotused in calibrationas the

results were a bit ajuestionable.

Laboratory analysed water quality results in detail are presented in Appendix 129&ables
10. Charactesation (TOC) was done from a sample from this sampling point, results in

detail are presented in Appendix 12 Tabke

Both of thewater quality test results had low CQ# (2.4 and 3.6 mg/L, not over the
recommended 5.0 mg/L if the water was for human consun)pltom turbidity 3.3and6.5
FNU), low BODy (5.2and6 mg/L), low TSS {.3and11mg/L) and moderate TD3%1and
165mg/L) (Appendix 12 Table 9, 36, S 32), even though attempt was to obtain a higher
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concentration of the contaminants to the sampghasogen compounds had high and
moderate concentrations: NQvas 0.4 and 064 mg/L (required maximum 0.50 mg/L if

the water was for human consumption), Altkvas 0.8 and 025 mg/L (recommended
maximum 0.50 mg/L) and NOwas 19 and 2 mg/L (required maximum 50 mg/L)
(Appendix 12 Table 9, S& S 2) and their presence in this case was a sign of the nature of
thewaterbeingoutgoingprocess water argludgewater with fish fecesMost of the metal
elements were found, and only two in high concentrationphgubnd silicon, (Appendix

12 Table 10, S 26, S 3 haractesation results reflect the waste wapeofile, with high
nitrate anchigh ammonium concentration arelatively high protein conten(Appendix 12
Table12). Reduction series samples were taken to observe the flotation efficienityyasit

not succesful action, as the parameter high peaks in water flow had poor predictability even

when collected just after the certain fish tank cleanings.

This kind of monitoring would be a place for Optoseven KSH.000,and monitoring
period verified the morning shift effect to the water parameters althoudtigher peaks

occur also in other times. This would probably be the nature of the system, where the
periodicaluse of the filter bed press might be the cause. Sampling interval was 30 minutes,
then 20 minutes and then it was reducefiviminutes for the last days, to see if the water

behaviour would have some shorter patterns.

4.5.3 Trial period 2.3 flotdon influent with chemicals

Trial period2.3 flotation influent with chemicalstartedon Friday 4.8.2023 Malfunction

with the background liquid was encountered, when biofilm growth in the background liquid
clogged the tube, preventing liquid flo@ptoseven FSACT1000gave no values for about
ten hours in 60 7.82023 this time is shown as empty time in the graplibe was cleaned

on 7.82023andcontaminatediquid was replacethe rext day 8.82023whenthe analyser
wascleaned thoroughlychemicalcleaningtook about three houralso thistime is shown
asempty time in the ggh. Analyser collected samplesfive minutes interval for this trial
period.Trial period 2.3 endedn Thursday10.8.2023.

Calibration for the data collected duritggal period 2.3 flotation influent with chemicals
was done with the second methwésented in chapter 4.2 amaly to CODun and turbidity,

as all CORy levels in calibration sampleemainedbelow detection limit. Thisesultedin
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coefficients 0.07 and 0.77to CODu, and turbidity, respectively. Screenshaif the
procedures are presentedAppendix B Figuresl0i 11. Laboratory analysed results used

in calibration are presented in Appendix 12 Tal8e

Interesting in calibration samples in this trial period is, that the original data levels of
calibration samples for COD allowed to assume, that COD would have been possible to
calibrate to COIlg,, but allsamplesemainedelow detection limit for COB. In trial period

2.2. flotation influent without chemicalthe original data values ftwo calibration samples

were 31.13 an@2.60, resulting to laboratory results of 72 and 15 mg/L &QBspectively
(Appendix B Figure 8, while in this this trial period the highest original data values of
calibration samples were 44.95 and 40.71 and resulted tocC@bw detection limit
(Appendix B Figure10).

Daily patternis visible in the mornings) the CODun, and turbidity resultswhen fish tank
cleaning was done, and as it was done manually, &@Bd turbiditypatternvary from day
to day(Figure 23. Also smaller peaks appetiiroughout the days'he drop on turbidity
level on the 6.8.203 evening was due to the background liquid malfunction before the

analyser stopped giving values for paramedéisgether

Trial period 2.3, CODMn + turbidity, seven days chart time
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Figure23. Trial period 2.3sevendays chart time, COla and turbidity results
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From this sampling point, four calibration samples and two reduction series samples were

collected; reduction series samples were used also for calibration.

Laboratory analysed wat@arameteresults in detail are presented in Appendix 12 Table
13. No charactesationor water quality testveredone from the samples from this sampling

point.

Reduction series samples were taken to observe the flotation efficenitywassomehow
succesful action,but similar to trial period 2.the parameter high peaks in water flow had

poor predictabilityand the results as a whole were not swufoks

With this kind of chemical water flo@ptoseven FSACT1000may not perform in the best
possible wayWhen comparing the result graphs from this trial (Figure 23) and from the trial
period2.2 without the chemicalhapter 4.5.Figure 21), the overall levels of turbidity in

this trial period stays lower and the high peaks onige reacd5 FNU, when in trial period

2.2 turbidity regularly exceeds 50 FNU. As it is the same fagilit$h similar daily routines,

the turbidity levels would have been supposed to reach similar levelgtkt@a previous

trial. Though the sampling point being in the spot where the chemical suppesslly
already well mixed with water, the difference in results may be explained with already
occurred flocculationln addition, the selectdohckground liquidZleaning agent was citric
acidhencethe chemical, anthe water flow was too clean to citric acid for a few occasions
in the last days, where COD remained below zbrahis kind of monitoring, different
analyser configuration with separated background liquid and cleaning agent could be the

solution.

4.6 Results of thertal period 3at ananofiltrationpilot

Figure 2 presents the waters of the trial petibedm left to right:influent, permeate, and
concentrateThese samples were collected during a small time span in 29.8.2023 only to
demonstrate the colours of the waters and in time when nanofiltration pilot was in operation

and not immediately after the backwash cycle.
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d

Figure24. From left to right: nanofiltration trial period 3 nanopilot influent, permeate, and
concentrate

4.6.1 Trial period 3.1 nanofiltration pilot permeate

Nanofiltration trial period starte@n Tuesday15.8.2023 with nanofiltration permeate
monitoring. Can application was ustedcollect samplesAs the pilot used the permeate in
backwash and in chemical wash cycfetof the permeate sampling from the can was done
from standing water, which h&eenleft to thecanwhen overflow from permeate collection
tank stoppedFor the backwash of the membraties wasanhourly phenomeonfor 27 3
samples during the backwash and right after it, when permeateveanflling again and
during the chemical wash and right aftethts was the case fori5% samples. These sample
resultswerenot deleted from the dat@ptoseven FSACT1000collected samples in five
minutes interval for this trial periodrial period3.1endedon Tuesday22.8.2023.

Calibration for the data collected during trial period 3.1 nanofiltration permeate was done
with the second method presented in chapter 4.2 and resultedfficients 0.51 and 0.22

to CODun and turbidity, respectively. Screenshaif the procedures are presented in
Appendix B Figures12i 13. Laboratory analysed results used in calibration are presented
in Appendix 12 Tabld 4.
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Permeateshowed extremelylow COD levels Even the DI water athe background liquid
was notcleanenough forcertaintime points, where the calibrated C@Pvalues remain
below zero (Figures 25 and 28hese valuebelow zeraare not correct, and theyereleft

to the graphsnly to visualise the behaviour of the C@b

The daily higher peak in CQR levels (Figure 25) turned out to be CQiDrst after the

chemical wash sequence. This periodic peak was unexpected.

Trial period 3.1, COD,,, + turbidity results, eight days chart time
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Figure25. Trial period 3.1eightdays chart time, COla and turbidity results, whol&ial
period.

Figure B presentdime period ovepne chemical wash interval. few samples just before
the peakwere collected and analysed fratanding water, and the highest value is the first
sample collected after the permeate tavds filled and thepermeate overflow started.
Permeate had low CQIa levelsin general, but thedifferencebetween lowest and highest

valueswasconsiderablendthehigher level valueappearedor different lengths of times
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Trial period 3.1, COD,, + turbidity results, one chemical wash interval time, first

. mwwwwwwwm

0.00
16.8.23 6.00 16.8.23 12.00 16.8.23 18.00 17.8.23 0.00 17.8.23 6.00 17.8.23 12.00 17.8.23 18.00 18.8.23 0.00

COD(Mn) mg/L, turbidity FNU
g

C
8

Date

——COD(Mn) Turbidity FNU

Figure26. Trial period 3.1,1.5 days chart time, CO» and turbidity,one chemical wash
interval.

In Appendix16is presentedll five graphsover one chemical wash intersal'he cycles are
not identical, though the process control parameters were not changed daily (Figure 25).

Fromthis sampling poinfour calibration samples, two water quality samples, and two sets

of charactesation samples were collected.

Laboratory analysed water quality results in detail are presented in Appendix 12 Tigables
i 17. From two water quality samples, metal elements were analysedbttmand other
water quality parameters were analysed only from the first collected water quality sample

No charactegation was done from the samples from this sampling point.

As nanofiltration pilopermeate the water was anticipated very clean and the results reflected
this. Water quality test results had low C@O11 mg/L), low turbidity (0.17 FTU), low
BOD~ (11 mg/L),extremelylow TSS (< 1 mg/L) and moderate TDS (62 mg/L) (Appendix

12 Table 16, S 57Nitrogen compounds had extremely low and low concentrations: NO
was < 0.01 mg/L (required maximum 0.50 mg/L if the water was for human consumption),
NHs" was 0.011 mg/L (recommended maximum 0.50 mg/L) and M@s 0.12 mg/L
(required maximum 50 mg/L) (Appendix 12 Tablé, 5 57).Almost half of the metal
elements were under detection limits, and onlplaud and silicon in higher concentrations

and aluminium in moderate and low concentrati@spendix 12 Table 17, S 58, S 65).

In this monitoring pointOptoseven FSACT1000gave unexpected information about the
waterparametebehaviour. The phenomenon after chemical wash sequence should not have

been existed, but it is unclear if it was significant, and moreover, the nanofiltration pilot own
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measurement system had not been able to catch it. In this kind @pieseven FSA

CT1000could stand out as a verification tool for a steady level of a cevitgrparameter.

4.6.2 Trial period 3.2 nanofiltration pilot concentrate

Trial period 3.2 nanofiltration concentrate startedluesday22.8.2023The purposavas

to collect the datantil 28.8.2023 but nanopilot process malfunction occurred and almost
two days of data erenot usablen the end of tIs trial period The data presented in the
following figures is from time before thaanopilot process malfunction starte@an
application was used to collect the samples, and as in the previous trial period 3.1, some of
the samples were collected frastanding concentrate, whievas left tahecan during the
backwash and chemical wasks the concentrate did not flow during the washedthis
wasthe case foll T 2 or 31 4 samples, respectively. These sample reswdtenot deleted
from the dataOptoseven FSACT1000collected samples in five minutes interval for this
trial period.This trial period3.2 endedon Monday 28.8.2023 after nanopilot process was
started again and calibration samgtasthis trialwere collected.

Calibration for the data collected during trial period 3.1 nanofiltration concentrate was done
with the second method presented in chapter 4.2 and resultedfficients0.17and0.41

to CODxr and turbidity, respectively. Screenshatf the procdures are presented in
Appendix15 Figures14i 15. Laboratory analysed results used in calibration are presented
in Appendix 12 Tabld5: S69,S 70, S 73

Figure Z presentgshe COLxr and turbidityresults for concentrate trial period. Thiad of
variation in COD levelsvas not expected, and unlike in the permeate, concentrate had
clearly visible changes in CQjdevels after both every backwash and every chemical wash.
The difference in permeate and concentrate monitoring was, that concentrate ran freely to
discharge all timat was producedwhen permeate was collected to tank to be used in
backwash and in chemical wash. If permdetdalso unfreely to discharge, some similar

pattern in COD levelmight have been possible to witness.
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Trial period 3.2, COD, + turbidity results, five days chart time.
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Figure27. Trial period 3.2five days chart time, CO&and turbidity results

Backwash and chemical wash cycles affected the &®Iyher values werdetectedefore

hourly backwasbesand before daily chemical washes while the lowest values appeared after
the washesValuesrapidly decreasedght after backwashandfrom thereslowly moved
upwards untibfternext backwaslko decreasagain After every backwash, the highest value
before next backwash was highattil the certain level was reachdduring the chemical
wash, COR; values remained at a high constant level for about 40 minutes, before
decreasing to the lowest values. This constant level was due to the fact that th&-atencen
did not leave the process during the chemical wash, and the analyser collected samples from
the standing wateiThe first sample after the chemical wash were alritfsiowest ones.
Thesevalueswerenotthe same every time, as the sampling did not hit the exact same time
after every chemical wash; so to say, the lovpestsiblevalues afterchemical wash or
backwash were on the time sample was taken or near it, as the sampling interfiad was
minutesin this trial period Turbidity stays at low less, which seems to be constant, but
when viewed closer it ha®meunsettledsariation, and it might hav@mehowof aopposite

behaviour than COE) at some pointgFigure 27)

To demonstrat€ODc behaviour better, the lowest vafyest after the chemical wasés

and highest values just before the backwashes were collantiigraphwasdrawn based

on them(Figure 28) This graph highlights the behaviour of the C£Df the concentrate

from nanopilot process and the lowest and highest values difference, which was over 80

mg/L in the biggest difference in this trial time.
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Trial period 3.2, CODg, highest values before backwash and chemical wash
Four lowest values are the first ones after the chemical washes
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Figure28. Trial period 3.2, five days chart time, CoDevelsbehaviour.

As the concentrate was abdive times concentrated humuish water, it started precipitate
spontaneously when calibration samples were &epuple of days to wafor the delivery

to the laboratoryFigure 29). Vigorous shaking of theamplebottle resulted in dissolution

of the precipitates

Figure29. Trial period3.2 nanopilot concentrate calibration sample n:o 69, whkiahtedo
precipitate spontaneously.

From this samplingpoint three calibration samples, onater quality sample, and two
charactesation samples were collected.
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Laboratory analysed water quality results in detail are presented in Appendix 12 Tgables
i 17. Charactesation (TOC) was done from a sample from this sampling point, results in

detail are presented in Appendix 12 Tabe

Water quality test results reflect the water being concentrated lake watereJudt had

high CODwn (46 mg/L),high COLx (120 mg/L)low turbidity (4.7 FTU),very low BODy

(<3 mg/L), low TSS (4.6 mg/L) and high TDS (230 mg/L) (Appendix 12 Table 16, S 74).
Nitrogen compounds had low concentrations:>2N@as 0.020mg/L (required maximum

0.50 mg/L if the water was for human consumption) sNias0.10mg/L (recommended
maximum 0.50 mg/L) and NOwas0.16mg/L (required maximum 50 mg/L) (Appendix 12
Table 16, S 74). Some of the metal elements were under detection lamitsaluminium,

iron, manganese, qlur and silicon in higher or very high concentrations, of which
aluminium, iron and manganese over recommendations if the water was for human
consumption and also nickel in concentration reaching about the half of the required
maximum if the water was foruman consumption (Appendix 12 Table 17, S 72).
Charactesation resultgjualitatively reflect the lake water profile, being pure, oligotrophic,
soft brovn lake waterhigh in humic substancé&ppendix 12 Table 18).

This kind of monitoring was again a place where Optosevenr@B¥000 functioned well

and gave interesting data.

4.6.3 Trial period 3.3hanofiltration pilot influent

Trial period 3.3 nanopilot influerstartedon Monday28.8.2023 and lastddss than twdull

days,only to see if thenfluent waterwas as uniform as it wasssumedo be.Optoseven
FSA-CT1000collected samples in ten minutes interval for this trial pefiocl period 3.3
andthe experimental work of this stuepdedon Wednesday0.8.2023n themorningafter

thelastwater qualitysample collection.

For this trial period both COW and COLR; calibration samples were successful so the
results were possible to calibrate referred to b@#libration for the data collected during

trial period 3.3 nanofiltration influent was done with the second method presented in chapter
4.2 and resultedn coefficients0.06, 0.16 and 0.25 to CODun, CODcr and turbidity,

respectively. Screenstsaf the procdures are presented in Appendbb Figures1671 18.
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Laboratory analysed results used in calibration are presented in Appendix 125:&bIlé7,
S 80

A repeating dropn theCOD results appeared, and as it was appearing d¢kesghours,
and always to the next analyse after the background lgpgdenceit was clear that it was
an errorcaused by background liquid, as background liquid was cleaner than the analysed
water(Figure 30) Sample line clearing pushed background liquid badkeaan, andhe
can was todargecompared tdhe water flow in this case, as the water flow waskhgi
enough to sweep away the background liquid ftbetan beforghe samplingstarted This
was handled byemovingthe sample line air cleaning before samplirggn the sampling
sequenceFrom Figure31 this erroris deleted.This particular error had ngimilar, strong
andvisible effect to turbidity resiis. When this kind of errors occur, changes in sampling
must be taken into consideratidn this casgthe smging could have beetakenfrom a
bended sample hose like in gr&al period 0 with tap water (Figurein Chapter 3.1)If this
trial period 3.3hadbeen longehendedhose sampling would have betsted

As before mentioned, keeping in mind which one of the two possible chemical oxygen
demand is in question is essential when reviewing and comparing results. In this specific

case, COI values were roughly 2.5 times the C@values.

Trial period 3.3, COD,,,, COD, + turbidity results with error visible, two days chart time
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Figure30. Trial period 3.3two days chart time, COl», CODcr and turbidity resultsvith
error visible.



70

Trial period 3.3, CODy,, COD, + turbidity results, two days chart time
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Figure31. Trial period 3.3two days char timeCODwn, CODcr and turbidity results

In this trial period 3.3tenminutessampling interval was suitable. In Figi8®threeevents
are visiblein otherwise a very flat graphs. Fimteis in CODun and COR; graphs, which
have a peak, second is in turbidity, which has fiespeak and thirdly after that, slight
decreasen results. These lasted abaarie and a halhours,two hours, andhreehours
respectively The thirdeventin turbidity lasted for one background liquid interval time

From this sampling point two calibration samples, one water quality sample, and two
charactesation samples were collected.

Laboratory analysed water quality results in detail are presented in Appendix 12 Tigables
i 17. Charactesation (TOC) was done from a sample from this sampling point, results in
detail are presented in Appendix 12 Tab®e

Water quality test results reflect the water being very lightly pretreated lake water. Water
quality test results had moderate G@D46 mg/L), moderate CQf (38 mg/L) low
turbidity (2.7 FTU), very low BOBR (< 3 mg/L), low TSS (1.2 mg/L) and moderate TDS
(100 mg/L) (Appendix 12 Table 16, &). Nitrogen compounds had low concentrations:
NO> was 0.014 mg/L (required maximum 0.50 mg/L if the water was for human
consumption), Nk was 0.063 mg/L (recommended maximum 0.50 mg/L) and N@s

0.19 mg/L (required maximum 50 mg/L) (Appendix 12 Table 16, S 81). Some of the metal
elements were under detection limits and aluminium, iron, mangaégbur,and silicon

in higher or very high concentrations, of which aluminium and iron over recommendations
if the water was for human consumption (Appendix 12 Table 17, S 79). Chaatatari
results in qualitatively reflect the lake water profile, being pure, oligotrophic, soft brown
lake water, high in humic substances (Appendix 12 Table 19).



71

In this kind of water flow Optoseven FSBT1000 would be on place to monitor the
steadiness of the water. In such of a purpose the interval time of analysing could be set to

hours instead of minutes, dependorgthe presumptive behaviour of the water.
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5 Conclusions

The Optoseven FSET1000UV COD and Turbidity Liquid Analysewas tested with both
nearends of water purity line, with tap water amdinicipalwaste waterThough the raw

waste water was not near the possible measuring tepggedge of the analyset,proved

to beusefulat boththese testednds angberformed well also in betweekleasure interval

was possible to set as low as five minutes, and it would probably have been possible to set
evenmorefrequentf neededThere were extremelpw numberof problems caused by the
deviceitself. Most of the problems were due to user efrassintrial period 1.2 WWTP
pretreated waste water, where the problem was wrong background liquid/cleaning agent, and
in trial period 2 at a fish farmwhereproblemswverewrong background liquid or background

liquid flow. In trial period 1.2WWTP pretreated waste watdollowing the sample cell
cleanliness signal revealed the need to change the cleaning agent, as the first selected did not

work well.

Optoseven FSACT1000proved to bepowerful toolin finding peaks and valleys of values
of defined parametsrin water flow; in this studyhem being chemical oxygen demand
(COD) and turbidity.Unexpected or previouslynknownbehavioumwerenoticed even from
non-calibrated results, and when calibrated to the right levels, thégloe analysed further.

If attached to process contr@ptoseven FSACT1000 measurementsvould be easily
displayedin real time, and even if not attached to display device, sataa beetrieved,
and graphs can be drawn almost in real tiffiethe analyser is attached to produce
information to a process control systammost of the process control systems combinations
of the parameters can be done with all graphs produced by the sgstew the possible

correlations or causalisation between parameters

Collection of calibration samples wa®t possible to plan precisely beforehand, as the
behaviour of the water flow and henite parameters arenot possible to predict. It was
not possible to be present at the test sites all the time, so calibration samples were collected

when it seemed to be reasonable.

The usefulness of Optoseven FEA 1000 inextremelyshort study periods may not bigih
if calibrated results areeededapidly. This strongly depends on the speed of analysis of the

calibration samples in the laboratory, but as many laboratories have a possibility-diayone
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delivery for results, analyser would definitely be possible to calibrate irotwlreedays.
Nevertheless, gery short calibration sample collection period can leaahtelevated risk

of inaccurate calibration results, if no variation in calibration samples can be achieved.
generalfor the calibration in studies like this, it is essential to decide how the calibration is
done, and then stay to it.

As in every sampling, also in calibration sample collecting the uncertainty factpreseat
andmust be taken into account. To calculate the calibration coefficient, one sample is enough
to plot the results against each other, but the more calibration samples are calhected

analysedthe less one sample affettie result.

Uncertainty factors in calibration sample collecting and calibrating are numerous. In addition
to usual errotinterferencsin sampling(chapter 2.1 Water quality monitoringalibration

sample taken in wrong tims the biggest error. Incorrect time collected calibration sample
has no correspondence to analyser sampling, hence no correlation in analyser result and
laboratory result. This kind of sample and its laboratory results are useless in calibration.
The error pointsn sampling for calibration codlbe a topic of further discussion, asdill

them have not been coveredthiis study focusing on just shetgrm usability Also the error

effect in calibration, resudt and other factors would bean interesting discussion, for
exampleif the possible erras directly proportional or is itepeated ors it proportional to

the exact type of the error.

The previously analysed water parameter results may mislead the initial analyser settings, or
in the case dfial period 2.1 fish farm flotation effluentChapters 3.3 and 4.5.1), background
liquid/cleaning agent selection, of which the first monitoring attempt went wrong as the first
selected cleaning agent was oletanenough for the effluent, leading to the data below zero

(0). When encountering values below zero during the analyses with Optoseven FSA
CT1000, the values are possible to calculate toigiw level, but it requires more advanced
calculations that were possible in this study. This might also be a topic of further discussions,
as the predictability of water quality parameter may be poor, and parameter or parameters
under study may vary heidy upon time.Problems with nofpredictable water quality can

also be solved with differentiated background liquid and cleaning agent, so the calibration is
done with iorexchanged water and cleaning agent can be chosen to be effective enough for

the waer.
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Sampling interval decisions when using Optoseven-EJA000 is a@e of the main initial
setting done in the beginning of a monitoring period. In most of the trial periods the
sampling interval was not adjusted during the trial period (Appendix 4jialmeriod 2.2

at a fish farm waste water treatment flotation influent without chemicals, the sampling
interval was adjusted twice, but it did not seem to bring extra information to the results
besides a little denser graph produced (Chapter 4.5.2 Figiie22). If the added value

with adjusting the initial settingsasseeked, it would be a full topic of its own for a study.
The background liquid/cleaning agent interval time in this study was seuts andvas
adjusted during the trial period only tnal period 1.2 WWTP pretreated waste water
(Chapters 3.2 and 4.4.2).

Monitoring over a process unit with Optoseven FSRA1000 could be a very efficient way

to study the efficiency of a process unit, as the parameters can be measured online and results
compared. To have a study with two or more sampling points, adjustroerie fdevice
sampling system would be needed; installations forateprovided by the manufacturer
(Optoseven Oy 2024a).

Water quality test results gave a wide perspectfeparameterso different waters
monitoredwith Optoseven FSACT1000 Most of thelaboratoryresults were aanticipated
andreflected the waters in question. In Appendix 12 all the water quality test results are
presentedvith theinformation of maximum limit requirements arecommendations the

water was for human consumptidhthe water quality results were used to describe the
waters only by one parameter at a time, no clear picture could be given from any of the

waters but when presented together they represent the well the waters in question.

In trial period 3 at ananofiltrationpilot (results in Chapter 4.6) some of thater quality
testresuls were not behaving as expected (Appendix 12 Table 17), as the concentrate
results should have been around {figlel compared to the influent results. This might have
been a result of membrane fouling with the medals solidsbutit wasnot verified.And as
the water quality test samplestimal period 3 were not collected in order of influent and a
little bit later concentrate/permeate, the results may not belgtyaspmparable though the

influent flow was very steady in COD and turbidity.

Representative sample collectifor water quality test frontrial period 2was a bitof

problematic and despite the efforts the highest COD/turbidity peaks were not able to catch
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for the comparisoras a maximum concentrate influent of the flotation process. urhe
reduction series sampling was to try to find out the effectiveness of the process part, but it
turned out thathe usedsamplingdid not giveaccurate results. In that kind of monitoring, it
would be essential to have two monitoring point and at minimum one day monitoring time
to see the behaviour of water with Optoseven £3A.000 and simultaneous composite

sample collected over same time pdramd analysed in laborayo

In this study no microbial tests were doseno comparison with microbial activity between
COD or turbidity could not been drawn at any level. The water quality test restlis
gave awide range of water parameters related to nutrients usable for microbes, so from that

perspective the water quality could be evaluated.

Usability of COD or turbidityor bothas only parametsstudied from water naat to reuse

may not be high, but as every waste water or used water are different, they niight be
parameters to study for to decide d@r what more analyses are needed. For further
discussions anstudiesthe usability of theOptoseven FSACT1000for example in batch
processes could befraiitful topic, as COD analysis could be used as indicative analysis for
other analyses needed from a batehmentioned before, the product safety in recirculating
water may be a concefMeneses et al. 2017),7andespecially in heavily contaminated
waters CODor turbiditywould not be enough to ensure the grgburityor cleanlinesgrom

all the possible contaminants. This of course also depends on the intended use of the

recirculating water.

In trial period 1.2 WWTP pretreated waste watéear daily variation in COB levels was
noticeablg(Chapter 4.4.2 Figure 17n this studywas not possible to analyse further such
behaviour, and if this kind of daily variation was studied, more time and focus only to it
would be needed. Also &ptoseven FSACT1000was measuring only orsampling point

at a time, therareno correlative results from WWTP effluent.

The most important thing, when starting to compare measured COD results is to know which
of the two possible standard methods is in question. &Cdéh have low values near the
detection limit, and COIa can have high values when measured from more contaminated
water. CORy is used mostly for heavily contaminated water, for example before and after
WWTPO6 s, but with | ess w canrbe ased, arg ttheyd arewnatt e r

comparable to eaabther, unless they are both measured from the exact same water. This
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can be verified from results tnial period 2.2 fish farm flotation influent without chemicals
(Chapter 4.5.2andtrial period 3.3 nandfiltration pilot influefChapter 4.6.3)n whichthe
CODxr levels were 8.50ld and 2.5fold compared to CORy values, respectivelyln
addition to tlis statement, irtrial period 3.1 nanofiltration permeat€hapter 4.6.1)the
results would have been able to calibrate alsG@bc;, if calibration samples frortrial
periods 3.2 and 3.3 were useahd intrial period 32 nanofiltration concentrat@Chapter
4.6.2)the results would have been able to calibrate to QDcalibration samples from
trial periods 3.1 and 3\8ere usedas all the three waters were same water in different states
(Appendix 12 Tables 14 15).

In most of the results of this study the obtained COD and turbidity levels seem to go in the
same direction, i.e. when COD goes lghurbidity also goes high. Except thatn trial

period 1.2WWTP pretreated waste water (Chapters 3.2 and 4.4.2)traaddperiod 3.2
nanofiltration pilot concentrate (Chapters 3.4 and 4t62Jesults graphs show that in some
points the COD and turbidity do not behave as such. In WWTP pretreated waste water it
seems that the CQfpand turbidity seem to behave oppositelymore than one cases
(Chapter 4.4.2 Figure 17) and in nanofiltration pilot concentrate the turbidity has unsettled
variation of which overall level might have some opposite behaviour tharc@GOBapter

4.6.2 Figure 27)In future studies thelataobtainedin this stuly could be analysed for

correspondences or causalitias in this study it was not the main objective of the study.

In distractions for standard laboratongeasurements for CQand CODun, iron(ll),
chloride, nitrite, sydhur dioxide and hydrogen sliide are mentioned (SFS 5504:1988, 1

2; SFS 3036:1981, 2). These inorganics should increase the result if they are oxidised during
the process, sthe results of COBr below detection limit in calibration samples frdnal

period 2.3 fish farm flotation influent with chemic#&Shapter 4.5.3have no explanation in
Finnish standard methodss the added chemical was polyaluminum chloride coagulant. To
find outif the reason for the results was the chemical and already occurred coagulation and
flocculation, more thorough study would have been needed.

Human workload when using Optoseven FSA1000 is proportional to the use of the
device Background liquid/cleaning agent consumption depends on the analyser cleaning
interval time and cleaning sequence settings, and more thorough monitoring of the analyser

itself is needed only in the beginnings of a monitoring periods, when calibratithe of
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analyser is done. Further to the monitoring itself only periodical maintenance and

background liquid addition iseeded iho errors occur.

When usingOptoseven FSACT1000as in this study or otherwise installing it, a special
toolbox with certain content is recommended. The most important part of the toolkit in this
study turned out to be the different size cable ties, which were used to bundle the analyser
tubes and hosew® their places during both the studies and analyser transfers. Second
important part of the toolkit was side cutters to remove the cable ties. Other tools included
tape, which was also used to keep the hoses and tubexes,parious amount of protection

tubes for sampling tube, paper towels to clean anything needed, garbage bags to collect any
produced solid waste to be transferred to trash bin if one was not near, extra amount of
calibration sample bottles for the casmnething goes wrong, and also thick plastic twine

proved to be useful.

This study in the end produced 9076 samples collected and analysed with Optoseven FSA
CT1000 UV COD and Turbidity Liquid Analyser and 83 samples collected manually,
divided in one prérial and three trial locations divided to eight sampling points, tausb

in total nine sampling pointdinimum of two calibration samples from every sampling
point were collectedA wide range of water quality tests were done, and results from them

were lightly summed. This turned out to be a heavy load of informatitectsal.
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Appendix 1.Water characteristics

Tablel. Water characteristics.

Characteristics of (waste)water, types of water quality parameters

Physical Chemical Microb iological
Temperature #1 #3 pH #1 #3 Eukaryotic microbes:
Electrical conductivity Alkalinity #1 #3 Protozoa #1 #3
(EC,0) #1 Helminths #3
Turbidity #1 #3 Acidity #1 Fungi #3
Total solids #1 Total organic carbon (TOC) #3 | Algae #1 #3
Colour #1 #3 Chemical oxygen demand (COI Bacteria #1 #3

#1 #3
Odour #1 #3 Biochemical oxygen  deman Archaea #3

(BOD) #1 #3
Taste #1 Dissolved oxygen (DO) #1 Viruses #1 #3

Nitrogen #1 #3

Phosphorus #3

Hardness #1

Heavymetals #2

Oils andgrease #3

Pesticides, herbicidet2

Radioactive substances #1

Chlorides #1 #3

Fluoride #1

Sulphate #1

References

#1 Hassan Omer (2020, 2)

#2 Hamalainen, Moilanen, Hokajarvi, Pitkanen, Merilainen & Miettinen (2018,14
#3 Sperling (2007, 30 32)




Appendix2. Watersample types

Tablel. Water sample types.

Sample type

Description

Reference

Spot sample

Representative of the water qual
at the specific time and place

which it is taken.

(SFSEN ISO 56671:2023,
25)

Composite sample

Several samples, taken continuou
manually or automatically and p
together. Represents the average

samples taken.

(SFSEN ISO 56671:2023,
26)

Periodic samples

Samples taken at periodic interv:

of different variables.

(SFSEN ISO 56671:2023,
25)

Continuous

samples

Samples taken are bound to flg

rates, with different variables.

(SFSEN ISO 56671:2023,
26)

Series samples

Number of samples taken f

example from one lake froi

differentlocations or various depth

from one location.

(SFSEN ISO 56671:2023,
26)

Duplicate Quality control sample. To indical (Hildebrandt, Lacorte, &
(or parallel) uncertainty of sampling. Frorn Barcel6 2006, 1080)
sample duplicates sampling and samy

handling effect to overall rando

error can be checked.
Sub sample Part ofasample
Field blank Quality control sample. Samp| (Hildebrandt et al. 2006

taken from pure water as it was t
actual sample, with same equipme
then treated and analysed as it

the actual sample. Can be used

routine check for contamination.

1080)




1(5)

Appendix 3. Samples collected and analysed ®ptoseven FSACT1000 UV COD and
Turbidity Liquid Analyser

When two different times for one samg@ee given, the time without brackets is the time
Optoseven FSACT1000 has analysed the sample, and in brackets is the original time the
sample igmanuallycollected. For example sample 1882 has time 12:20 [09:15]; Optoseven
FSA-CT1000analysed sample in time 12:20 and the actual tesample wagollected

was 09:15Also samples belonging tthe reduction series in fish farm trial period were
collected to find out the efficiency of the flotation process; paramataitgsed in laboratory
wereeitherwater quality test seir smallerset withphosphorus, nitrogen, solids, COD and
turbidity set.With the settings used in this study, amount of sarti@@nalysercollected

and used during the analgsvas about 60 nper analysis

Tablel. Samples collected and analysed with Optosevenr@E2000.

Samples | Date Time | Object Trial
1-5 13.6.2023 Test samples Tap watel0
6-110 13-15.6.2023 Samples Tap water O
6 13.6.2023 11:50 | Calibration sample 1 Tap water 0
111-242 | 16-19.6.2023 Samples Tap water O
242 19.6.2023 10:00 | Calibration sample 2 Tap water 0
Clearing sample line
243246 |19.6.2023 Test samples Nivos 1.1
247-579 | 19-26.6.2023 Samples Nivos 1.1
247 19.6.2023 14:48 | Calibration sample 3 Nivos 1.1
Charactesation sampls4-5
339 21.6.2023 12:48 | Calibration sample 7 Nivos 1.1
579 26.6.2023 12:48 | Calibration sample 8 Nivos 1.1
580956 | 26.6:-4.7.2023 Samples Nivos 1.2
580582 | 26.6.2023 Testsamples Nivos 1.2
583 26.6.2023 15:55 | Calibration sample 9 Nivos 1.2
Charactesation sampls10-11

Table continues on page 2.



Table continues from page 1.
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Samples | Date Time | Object Trial
768 30.6.2023 12:26 | Calibration sample 13 Nivos 1.2
955 4.7.2023 10:09 | Calibration sample 15 Nivos 1.2
956 4.7.2023 10:19 | Clearing sample line Nivos 1.2
957959 |6.7.2023 Test samples, cleaning [Cleaning]
9601009 | 6.-7.7.2023 Samples Fish farm 2.1
965 6.7.2023 15:03 | Calibration sample 16 Fish farm 2.1
Charactesation sample17-18
1008 7.7.2023 12:33 | Calibration sample 19 Fish farm 2.1
1009 7.7.2023 12:45 | Calibration sample 20 Fish farm 2.1
10101885 7.-25.7.2023 Sampls Fish farm 2.1
1016 7.7.2023 13:39 | Calibration sample 21 Fish farm 2.1
1173 10.7.2023 13:45 | Calibration sample 22 Fish farm 2.1
1356 14.7.2023 09:15 | Calibration sample 23 Fish farm 2.1
1357 14.7.2023 09:45 | Calibration sample 24 Fish farm 2.1
1362 14.7.2023 12:15 | Calibration sample 25 Fish farm 2.1
1882 25.7.2023 12:20 | Water quality sample 27 Fish farm 2.1
[09:15] | Calibration sample 27
[Reduction series 1]
1883 25.7.2023 12:22 | Calibration sample 29 Fish farm 2.1
[10:00] | [Reduction series 2]
1884 25.7.2023 12:24 | Calibration sample 31 Fish farm 2.1
[11:15] | [Reduction series 3]
1885 25.7.2023 12:25 | Water quality sample 33 Fish farm 2.1
[12:00] | Calibration sample 33
[Reduction series 4]
18863402 | 25.7-.8.2023 Sampls Fish farm 2.2
1886 25.7.2023 12:33 | Water quality sample 26 Fish farm 2.2
[08:50] | Calibration sample 26
[Reduction series 1]

Table continues on page 3.
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Samples | Date Time | Object Trial
1887 25.7.2023 12:35 | Calibration sample 28 Fish farm 2.2
[09:30] | [Reduction series 2]
1888 25.7.2023 12:37 | Calibration sample 30 Fish farm 2.2
[10:45] | [Reduction series 3]
1889 25.7.2023 12:39 | Water quality sample 32 Fish farm 2.2
[11:30] | Calibration sample 32
[Reduction series 4]
2282 31.7.2023 14:36 | Calibration sample 34 Fish farm 2.2
3380 4.8.2023 10:20 | Calibration sample 35 Fish farm 2.2
[Reduction series 5]
3403 4.8.2023 10:27 | Calibration sample 36 Fish farm 2.1
[Reduction series 5]
3404 4.8.2023 10:40 | Calibration sample 37 Fish farm 2.1
[Reduction series 5]
3405 4.8.2023 10:57 | Calibration sample 38 Fish farm 2.1
[Reduction series 5]
34065104 | 4.-10.8.2023 Sample Fish farm 2.3
3412 4.8.2023 14:05 | Calibration sample 40 Fish farm 2.3
4217 7.8.2023 09:56 | Calibration sample 41 Fish farm2.3
Charactesation samplg42-43
4501 8.8.2023 09:36 | Calibration sample 45 Fish farm 2.3
4503 8.8.2023 11:56 | Calibration sample 46 Fish farm 2.3
5094 10.8.2023 13:11 | Calibration sample 48 Fish farm 2.3
5097 10.8.2023 13:26 | Calibration sample 49 Fish farm2.3
[Reduction series 6]
5105 10.8.2023 14:26 | Calibration sample 50 Fish farm 2.1
[13:41] | [Reduction series 6]
5106 10.8.2023 14:28 | Calibration sample 51 Fish farm 2.1
[13:56] | [Reduction series 6]

Table continues on page 4.
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Samples | Date Time | Object Trial
5107 10.8.2023 14:32 | Charactesation sample52-53 | Fish farm 2.2
Calibration sample 54
5108 10.8.2023 15:17 | Clearing sample line [Clearing]
51095114 11.8.2023 Demonstrations, test hall
51155127 15.8.2023 Test sample Nanofiltration
3.1
51287107 | 15-22.8.2023 Sampls Nanofiltration
3.1
5656 17.8.2023 10:20 | Calibration sample 55 Nanofiltration
3.1
5658 17.8.2023 10:30 | 5-liter sample 56, divided to | Nanofiltration
Water quality sample withoy 3.1
metal elements 57
Metal elements 58
Charactesation sample59-60
Calibration sample 61
6876 21.8.2023 16:06 | Calibration sample 62 Nanofiltration
3.1
7107 22.8.2023 11:21 | 5-liter sample 63, divided to | Nanofiltration
Calibration sample 64 3.1
Metal elements 65
Water quality samplewithout
metal elements 66
Charactesation sampls67-68
71087123 22.8.2023 Test sample Nanofiltration
3.2
71248797 | 22-28.8.2023 Sampls Nanofiltration
3.2

Table continues on page 5.
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Samples | Date Time | Object Trial
8788 28.8.2023 11:15 | Calibration sample 69 Nanofiltration
3.2
8795 28.8.2023 11:50 | Calibration sample 70 Nanofiltration
3.2
8797 28.8.2023 12:00 | 5-liter sample 71, divided to | Nanofiltration
Metal elements 72 3.2
Calibration sample 73
Water quality sample withou
metal elements 74
Charactesation sample 75-76
87989071 | 28-30.8.2023 Samples Nanofiltration
3.3
9070 30.8.2023 09:43 | Calibration sample 77 Nanofiltration
3.3
9071 30.8.2023 09:53 | 5-liter sample 7&livided to Nanofiltration
Metal elements 79 3.3
Calibration sample 80
Water quality sample withot
metal elements 81
Charactesation samplse82-83
90729076 | 30.8.2023 Cleaning, clearing sample line| [Cleaning]

End of Table.



Appendix4. Optoseven FSACT1000 UV COD and Turbidity Liquid Analyseperational

settings per trial period

Tablel. Optoseven FSACT1000 operational settings per trial period.

Trial period Background Interval time | Time period inside the trial
liquid /cleaning Back | period, wheninterval was in
Sample
agent ground| use
Tap water DI battery _ 13.6.23 12:28 15.6.23 14:24
. 30 min 6 h
pretrial 0 water 16.6.23 15:59 19.6.23 09:26
NivosWWTP 1.1 | Citric acid 30 min 6 h|19.6.23 14:48 26.6.23 12:48
_ Citric acid 30 min 6 h| 26.6.23 15:55 30.6.23 12:26
NivosWWTP 1.2 :
Lye 30 min 3 h|30.6.23 13:09 4.7.23 10:09
Citric acid 30 min 6 h|6.7.23 15:03 7.7.23 12:33
Fish farm
_ 7.7.23 13:39 10.7.23 11:09
flotation2.1 RO water 30 min 6h
10.7.23 13:45 25.7.23 07:45
RO water 30 min 3 h|25.7.23 13:21 28.7.23 12:21
Fish farm
RO water 20 min 3 h|28.7.23 13:54 31.7.23 11:54
flotation 2.2
RO water 5 min 3h|31.7.2312:11 4.8.2312:10
. 4.8.23 13:31 7.8.23 08:56
Fish farm o _ .
_ Citric acid 5 min 3 h|7.8.2309:46 8.8.23 09:36
flotation 2.3
8.8.23 11:51 10.8.23 14:01
Nanofiltration3.1 | DI water 5 min 3 h|15.8.23 14:19 22.8.23 11:21
Nanofiltration3.2 | Citric acid 5 min 3 h|22.8.23 13:51 28.8.23 08:12
Nanofiltration3.3 | Citric acid 10 min 3 h|28.8.23 13:03 30.8.23 09:53

See Appendix 5 for definitions of background liquids.




Appendix5. Optoseven FSACT1000 UV COD and Turbidity Liquid Analyser

backgroundiquids usedpertrial period

Below all used background liquids /cleaning agents are presented in ascending cleanliness

order. Withthe settings used in this study, backgroumpiid dosage was about 40 ml.

Tablel. Optoseven FSACT1000 background liqugdcleaning agentssed per trial period.

Background liquid/
cleaning agent Features Used intrial period:
NaOH/lye solution

. _ ~ | 9 % by weight of lye made® tap .
with commerciadrain NivosWWTP 1.2
water.
cleaner

NivosWWTP 1.1
7 % by weight of citric acid made | Nivos WWTP 1.2 fail #1
to tap water. Fish farm2.1 fail #2

Citric acid solution, . .
Fish farm2.3 fail #3

with food quality : _ :
o ) 6,5 % by weight of citric acid mag
citric acid Fish farm2.3
to RO-water*.

6,6 % by weight of citric acid mad Nanofiltration3.2

to RO-water. Nanofiltration3.3
o Fish farm2.1
RO water Conductivity < .
Fish farm2.2
Commercial battery water Tap watempre-trial O

DI water

Conductivity 0. |Nanodfiltration3.1
#1 Citric aciddid not efficiently clearDptoseven FSACT1000

#2 Analysedwaterwas cleaner than citric acid solution.

#3 Microbial growthimplied the need to replace the background liquid.
* LaboStar PRAO'WF DI




Appendix 6.Figure ofOptoseven FSACT1000 UV COD and Turbidity Liquid Analyser

in transfer condition.

Figure presents Optoseven FEA1000 in transfer condition, with power wire, tubes and
hoses rolled up and attached to analyser stand for easier handling. Tubes and hoses can be
disconnected for transfer, but it did not turn out to be necessary.

Figurel. Optoseven FSACT1000 in transfer condition
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Appendix 7. Figures of samplingstallations in fish farm trial periods 2flbtation

effluent 2.2flotation influent without chemicalgind 2.3flotation influent with chemicals.

Figurel belowpresentshe installation oDptoseven FSACT1000 UV COD and Turbidity

Liquid Analyserin trial period 2.1 flotation effluent.|Be arrow points to the first part of the
plastic protection tube, and green arrow points to sample tube installation, which is presented
in more details in Figur2 whereblue arrows point to the plastic protection tube and green

arrow points to the sample tube. Discharge hose was led to floor drain, which was behind

the analysein Figurel.

Figure2. Sample tubénstallation in tial period 2.1fish farmflotation effluent
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Figure 3 below presents the installation of the analysetrial period 2.2 flotation influent
without chemicalsin Figure3 green arrow points to the sample tube, orange arrow points
to the discharge hoded to flotation tankandyellow arrow points to the hose attached to

the influent pipe, via pipe joint just before chemical dosing points.

Figure3. Optoseven FSACT1000installation intrial period 2.Zish farmflotation influent

without chemicals.
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The hose marked with yellow arrow in FiguBavas led to the mixing tank cover and to the

can installation, which is presented in Figdteelow, where blue arrow points to the plastic
protection tube, green arrow points to the sample tube, and yellow points to the hose attached
to the influent pipe joint. In this can installation, water flow is led to can, and freely leaves
through a hole inhe can. This removes the pressure from the water flothe@3ptoseven

FSA-CT1000used in this study could nbardle pressure in sample water.

Figure4. Can application installation itmial period 2.2ish farmflotation influent without
chemicals.
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For trial period 2.3 flotation influent with chemical®ptoseven FSACT1000was not
moved, and the sample tube was led to the mixing tank. Fsdnglew presents the sampling

installation, blue arrow points to tlEuminiumprotection tube and green arrow points to

the sample tube.

Figure5. Sampé tubeinstallation from mixing tank irrial period 2.3fish farm flotation
influent with chemicals.
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Appendix8. Figures of sampling installations manofiltrationtrial periods 3.1
nandiltration pilot permeatg3.2nandiltration pilot concentrateand 3.3handiltration

pilot influent.

Figurel presentshe installation oDptoseven FSACT1000 UV COD and Turbidity Liquid
Analyseron trial periods 3.Inanopilot permeatand 3.2nanopilot concentratdt was

installed near the permeate and concentrate discharge hoses.

Figure 1. Optoseven FSACT1000 installation intrial periods 3.1nanofiltration pilot
permeatend 3.2nanofiltration pilot concentrate
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Figure2 below presents trial periods 3.1 and 3.2 can installations. From left tacloglet
picture permeate monitoring, concentrate monitoring large picture and concentrate

monitoring closer picturdzigure3 presents the installation in trial period 3.3 ridtration

pilot influent.

Figure 2. Can installations intrial periods 3.1nanofiltration pilot permeateand 3.2.

nanofiltration pilot concentrate.

Figure3. Optoseven FSACT1000installation intrial period 3.3hanofiltration pilot influent
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Appendix 9.Manually collected samplehiring the study

From samples 1 to 22 the calibration analysis Wigtoseven FSACT1000 UV COD and
Turbidity Liquid Analysemwas dondrom thewater flow, anda spot sample was grabbed at

the timeOptoseven FSACT1000was collecting the sample.

From sample 23 onwards the calibration analysis with OptosevenrGE&00 was done

from the sample water grabbed to sample bottle.

Laboratories used in analydes manually collected samples:
A = Laboratory in Southern Finland
B = Laboratory in Finland, several locations

C = Laboratory in Germany

Object of sampling

Calibration CalibrateOptoseven FSACT1000for COD and turbidity

Characterisation COD characterisation

Reduction series When only mention,ests donetotal suspended solids (TSS),
phosphorus, nitrogen, CQband/or CODLyn, turbidity

Water quality Laboratory analyses, see Appendix 10.

Table 1.Manualy collectedsamplesiuringpre-trial O tap water.

Pre-trial period 0, tap water

N:o | Day Time | Liter | Lab | Type Object Tests

1 13.6.2023| 11:50| 1 A Spot Calibration CODwn,
turbidity

2 19.6.2023| 10:00 | 1 A Spot Calibration CODwn,
turbidity
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Table 2.Manually collected samples during trizgriod1.1 WWTP discharge effluent.

Trial period 1.1 WWTP discharge effluent

N:o | Day Time | Liter | Lab | Type Object Tests

3 19.6.2023| 14:48 | 1 A Spot Calibration CODxr,
turbidity

4 19.6.2023| 14:48 | 0.05 | i Spot Charactesation | Not tested

5 19.6.2023| 14:48 | 0.05 | i Spot Charactesation | Not tested

duplicate

6 21.6.2023| 1 4 A Compositel Water quality | Appendix 10.

7 21.6.2023| 12:48 | 1 A Spot Calibration CODxy,
turbidity

8 26.6.2023| 12:48 | 1 A Spot Calibration CODxr,
turbidity

Table 3. Manually collected samples during tpatiod1.2 WWTP pretreated waste water.

Trial period 1.2 WWTP pretreated waste water

N:o | Day Time | Liter | Lab | Type Object Tests

9 26.6.2023| 15:55| 1 A Spot Calibration CODxcr,
turbidity

10 | 26.6.2023| 15:55|0.05 | C Spot Charactesation | Charactesation

11 | 26.6.2023| 15:55| 0.05 | i Spot Charactesation | Not tested

duplicate

12 | 29.6.2023| 10:40| 1 | Spot Calibration Not tested

13 | 30.6.2023| 12:26| 1 A Spot Calibration CODxc,
turbidity

14 14.7.2023 |i 4 A Compositel Water quality | Appendix 10.

15 |4.7.2023 | 10:09| 1 A Spot Calibration CODxc,
turbidity




Table 4. Manually collected samples during tpatiod2.1 fish farm waste water treatment

flotation effluent.

3(9)

Trial period 2.1 fish farm waste watertreatment flotation effluent
N:o | Day Time | Liter | Lab | Type Object Tests
16 |6.7.2023 | 15:03|1 A Spot Calibration CODcr, CODwn,
turbidity
17 |6.7.2023 | 15:03| 0.05 | i Spot Characterisation Not tested
18 |6.7.2023 | 15:03| 0.05 | i Spot Characterisation Not tested
duplicate
19 | 7.7.2023 | 12:33| 1 A Spot Calibration CODcr, CODun,
turbidity
20 |7.7.2023 | 12:45|1 A Spot Calibration CODcr, CODwun,
turbidity
21 | 7.7.2023 | 13:39| 1 A Spot Calibration CODcr, CODwn,
turbidity
22 |10.7.2023| 13:45| 1 A Spot Calibration CODcr, CODwn,
turbidity
23 | 14.7.2023/ 09:15| 1 A Spot Calibration CODcr, CODwn,
turbidity
24 | 14.7.2023| 09:45| 1 A Spot Calibration CODcr, CODwn,
turbidity
25 |14.7.2023| 12:15| 1 A Spot Calibration CODcr, CODwun,
turbidity
27 | 25.7.2023| 09:15| 5 A Spot Water quality | Appendix 10.
calibration,
reduction series|
29 | 25.7.2023| 10:00| 1 A Spot Calibration CODcr, CODun,
reduction series| turbidity

Table continues on page 4.
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N:o | Day Time | Liter | Lab | Type Object Tests
31 | 25.7.2023| 11:15| 1 A Spot Calibration, CODcr, CODwun,
reduction series| turbidity
33 |25.7.2023| 12:.00| 5 A Spot Water quality,| Appendix 10.
calibration,
reduction series|
36 |4.8.2023 | 10:27|1 A Spot Reduction serie{ See App. page
37 14.8.2023 |10:40|1 A Spot Reduction serie{ See App. page
38 |4.8.2023 | 10:57|1 A Spot Reduction seriey SeeApp. page 1
50 |10.8.2023|13:41|1 A Spot Reduction serie{ See App. page
51 |10.8.2023| 13:56| 1 A Spot Reduction serie{ See App. page

End of Table.



Table 5. Manually collected samples during tpatiod2.2 fish farm waste water treatment

flotation influent without chemicals.
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Trial period 2.2 fish farm waste water treatment flotation influent without

chemicals

N:o | Day Time | Liter | Lab | Type Object Tests

26 | 25.7.2023| 08:50 | 5 A Spot Water quality,| Appendix 10.
calibration,
reduction series|

28 | 25.7.2023| 09:30| 1 A Spot Calibration, CODcr, CODun,
reduction series| turbidity

30 |25.7.2023| 10:45| 1 A Spot Calibration, CODcr, CODwn,
reduction series| turbidity

32 | 25.7.2023| 11:30| 5 A Spot Water quality, | Appendix 10.
calibration,
reduction series|

34 |31.7.2023| 14:36 | 1 A Spot Calibration CODxr,

turbidity

35 ]14.8.2023 | 10:20|1 A Spot Reduction seriej See App. page

39 [4.8.2023 | 14:.05|1 T Spot T Not tested

52 110.8.2023| 14:32|0.05 | C Spot Characterisatior] Characterisatior

53 ]10.8.2023| 14:32| 0.05 |1 Spot Characterisation| Not tested
duplicate

54 110.8.2023|14:32|1 A Spot Calibration CODcr, CODun,

turbidity
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Table 6. Manually collected samples during tpatiod2.3 fish farm waste water treatment

flotation influent with chemicals.

Trial period 2.3 fish farm waste water flotation influent with chemicals

N:o | Day Time | Liter | Lab | Type Object Tests

40 |4.8.2023 | 14.05|1 A Spot Calibration CODcr, CODun,
turbidity

41 |7.8.2023 | 09:56| 1 A Spot Calibration CODcr, CODwn,
turbidity

42 |7.8.2023 | 09:56|0.05 |7 Spot Characterisation Not tested

43 | 7.8.2023 | 09:56|0.05 |7 Spot Characterisation Not tested

duplicate

45 |8.8.2023 [ 09:36| 1 A Spot Calibration CODcr, CODun,
turbidity

46 |8.8.2023 | 11.56|1 A Spot Calibration CODc¢r, CODwn,
turbidity

48 |10.8.2023|13:11|1 A Spot Reduction seriej See App. page

49 |10.8.2023|13:26|1 A Spot Reduction seriej See App. page

Table7. Other nanually collected samples duritripl period 2

Trial period 2 other samples

N:o | Day Time | Liter | Lab | Object Tests

44 |7.8.2023 | 16:30|0.01 |7 Citric acid background liqui¢ Microscoped
grab samplérom canister

47 |8.8.2023 | 15:00/0.3 |7 Citric acid background liqui¢ Microscoped
grab samplérom canister




Table 8. Manually collected samples during trial period 3.1 nanofiltration pilot permeate.
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Trial period 3.1 nanofiltration pilot permeate

duplicate

N:o | Day Time | Liter | Lab | Type Object Tests

55 ]17.8.2023| 10:20| 1 A Spot Calibration CODcr, CODwn,
turbidity

56 |17.8.2023|10:30|5 T Spot Splitinto samples 57, 58, 59, 60,

57 |17.8.2023| 10:30| 3 B Spot Water quality | Appendix 10.
without metal
elements

58 |17.8.2023|/10:30| 0.5 | A Spot Water quality | Metal elements

59 |17.8.2023| 10:30| 0.05 |1 Spot Characterisation Not tested

60 |17.8.2023| 10:30| 0.05 |7 Spot Characterisation Not tested

duplicate

61 |17.8.2023|10:30|0.5 |A Spot Calibration CODcr, CODun,
turbidity

62 |21.8.2023| 16:06 | 1 A Spot Calibration CODcr, CODwn,
turbidity

63 |22.8.2023| 11:21|5 | Spot Splitinto samples 64, 65, 66, 67,

64 |22.8.2023|11:21|1 A Spot Calibration CODcr, CODwn,
turbidity

65 |22.8.2023|11:21|05 |A Spot Water quality | Metal elements

66 |22.8.2023|11:21|3 | Spot Water quality | Not tested

67 |22.8.2023|11:21|0.05 |7 Spot Characterisation| Not tested

68 |22.8.2023| 11:21|0.05 |7 Spot Characterisation Not tested




8(9)

Table 9. Manually collected samples during trial periodndsofiltration pilot concentrate.

Trial period 3.2 nanofiltration pilot concentrate

N:o | Day Time | Liter | Lab | Type Object Tests

69 |28.8.2023|11:15|1 A Spot Calibration CODx,
turbidity

70 |28.8.2023| 11:50| 1 A Spot Calibration CODxr,
turbidity

71 | 28.8.2023| 12:00| 5 T Spot Splitinto samples 72, 73, 74, 75,

72 |28.8.2023|12:00| 0.5 |A Spot Water quality | Metal elements

73 |28.8.2023| 12:00| 1 A Spot Calibration CODxr,
turbidity

74 | 28.8.2023| 12:00| 3 B Spot Water quality | Appendix 10.
without metal
elements

75 |28.8.2023| 12:00| 0.05 | C Spot Characterisatior] Characterisatior

76 |28.8.2023| 12:00| 0.05 | ¥ Spot Characterisation Not tested

duplicate
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Table 10. Manually collected samples during trial perid@hanofiltration pilot influent.

Trial period 3.3 nanofiltration pilot influent

duplicate

N:o | Day Time | Liter | Lab | Type Object Tests

77 |30.8.2023| 09:43| 1 A Spot Calibration CODxr,
turbidity

78 |30.8.2023| 09:53| 5 T Spot Splitinto samples 79, 80, 81, 82,

79 |30.8.2023| 09:53| 0.5 | A Spot Water quality | Metal elements

80 |30.8.2023|09:53|1 A Spot Calibration CODxr,
turbidity

81 |30.8.2023| 09:53| 3 B Spot Water quality | Appendix 10.
without metal
elements

82 ]30.8.2023| 09:53| 0.05 | C Spot Characterisatior Characterisatior

83 |30.8.2023| 09:53| 0.05 |1 Spot Characterisation Not tested
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Appendix10. Laboratoryparameters analysed to characterise water qualiheimial

periods

Tablel. Laboratory parameters analysed to characterise water quatltg tinal periods

methods)] aboratory A
Parameter Abb. Unit Method MU %
pH T T SFS 3021:1979 3
Conductivity EC mS/m | SFSEN 27888:1994 5
Turbidity FNU SFSEN ISO 70271:2016 15
Total organic carbon TOC mg/L SFSEN 1484:1997 25
Biochemical oxygen BOD; | mg/L SFSEN ISO 58151:2019:en| 15
demand
Chemical oxygen CODcr | mg/L ISO 15705:2002 15
demand dichromate
Chemical oxygen CODwn | mg/L SFS 3036:1981 15
demand permanganate
Nitrate NOs mg/L SFSISO 159231:2018, DA | 15
Nitrite NOz mg/L SFSISO 159231:2018, DA | 15
Ammonium nitrogen NH4* mg/L SFSISO 159231:2018, DA | 15
Total nitrogen TN mg/L SFSEN ISO 119051:1998 | 15
Phosphate PQ* |mg/L | SFSISO 159231:2018, DA |15
Total phosphorus TP mg/L SFSEN ISO 6878:2004, DA| 15
Sulphate SQ* mg/L SFSISO 159231:2018, DA | 10
Chloride Cr mg/L SFSISO 159231:2018, DA | 10
Total suspended solids | TSS mg/L SFSEN 872:2005 10
Total dissolvedolids TDS mg/L Included in TSS methoq 10

computational

Abb. = Abbreviation
MU = Measurement uncertainty

All methods accredited.
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Table 2. Laboratory parameters analysed to characterise water quality in the trial periods,
methods] aboratoryB.

Parameter Abb. Unit Method

pH T T SFS 3021:1979
Conductivity EC mS/m | SFSEN 27888:1994
Turbidity FTU SFSEN ISO 70271:2016:en

Total organic carbon TOC mg/L SFSEN 1484:1997
Biochemical oxygen BOD; | mg/L SFSEN ISO 58151:2019

demand

Chemical oxygen CODcr | mg/L ISO 15705:2002

demand dichromate

Chemical oxygen CODwn | mg/L SFS 3036:1981

demand permanganate

Nitrate NOs™ mg/L SFSEN 1SO13395:1997
Nitrite NO2 mg/L SFSEN ISO 13395:1997
Ammonium nitrogen NH4* mg/L | SFSEN ISO 11732:2005
Total nitrogen TN mg/L ISO 29441:2010
Phosphate PQ* € g/ L| SFSEN ISO 156812:2005
Total phosphorus TP € g/ L SFSEN ISO 156812:2005
Sulphate SO | mg/L | SFSEN ISO 103041:2009
Chloride Cr mg/L SFSEN ISO 103041:2009

Total suspended solids | TSS mg/L SFSEN 872:2005
Total dissolved solids | TDS mg/L SFS 3008:1990
Abb. = Abbreviation

Measurementincertainies not stated in percentage.

Methodsaccredited except TDS.




Table3. Metal elements analysed to characterise water quality in the trial periods, methods,

Laboratory A.
Element Unit Method MU %

Ag | Silver € g/ L| SFSEN ISO 172942:2016 |20
Al | Aluminium € g/ L| SFSEN ISO172942:2016 |25
As | Arsenic € g/ L|SFSEN ISO 172942:2016 |20
B | Boron € g/ L| SFSEN ISO 11885:2009 20
Ba | Barium € g/ L|SFSEN ISO 11885:2009 20
Be | Beryllium € g/ L| SFSEN ISO 11885:2009 20
Ca | Calcium mg/L SFSEN ISO 11885:2009 20
Cd | Cadmium € g/ L| SFSEN ISO172942:2016 |15
Co | Cobalt € g/ L|SFSEN ISO 172942:2016 | 15
Cr | Chromium |& g/ L|SFSENISO 172942:2016 |15
Cu | Copper € g/ L|SFSEN ISO 172942:2016 | 20
Fe | Iron € g/ L| SFSEN ISO 11885:2009 20
Hg | Mercury € g/ L|SFSEN ISO 172942:2016 |20
K | Potassium | mg/L SFSEN ISO 11885:2009 20
Mg | Magnesium | mg/L SFSEN ISO 11885:2009 20
Mn | Manganese | & g/ L| SFSEN ISO 11885:2009 20
Mo | Molybdenum| ¢ g / L| SFSEN ISO 172942:2016 | 15
Na | Sodium mg/L SFSEN ISO 11885:2009 20
Ni | Nickel € g/ L| SFSEN ISO 11885:2009 20
P | Phosphorus | mg/L SFSEN ISO 11885:2009 20
Pb | Lead € g/ L| SFSEN ISO 11885:2009 20
S | Sulphur € g/ L| SFSEN ISO 11885:2009 20
Sb | Antimony € g/ L|SFSEN ISO 172942:2016 | 20
Se | Selenium € g/ L|SFSEN ISO 172942:2016 | 25
Si | Silicon € g/ L| SFSEN ISO11885:2009 20
Sn | Tin € g/ L|SFSEN ISO 172942:2016 | 20

Table continues on page 4.
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Table continues from page 3.

Element Unit Method MU %
Sr | Strontium € g/ L|SFSEN ISO 11885:2009 20
Ti | Titanium € g/ L| SFSEN ISO 11885:2009 20
Tl | Thallium € g/ L| SFSENISO 172942:2016 |20
U | Uranium € g/ L|SFSENISO 172942:2016 | 15
V | Vanadium € g/ L| SFSEN ISO 172942:2016 |20
Zn | Zinc € g/ L|SFSEN ISO 11885:2009 20

All methods accredited.

MU = Measurement uncertainty

End of Table.
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Appendix11. Water quality parameter limiter water intended for human consumption.

Requirements and recommendations @xmum limits forthe water quality parameters
analysed in laboratory in this studylaximum limits for parameters are collected from
Annex HIl of Decree 1352/2015 (Sosiaalja terveysministerion asetus talousveden

laadusta ja valvonnasta seka rakennusten vesilaitteistojen riskienhallinnasta).

Table 1. Maximum limits for water quality parameteequirements

Parameter Abbreviation | Unit Limit Note
Nitrate NOs3 mg/L 50 #1

Nitrite NO2 mg/L 0.50 #1
Arsenic As eg/ L |10

Boron B mg/L 1.0

Cadmium Cd eg/ L |50

Chromium Cr eg/ L |50

Copper Cu mg/L 2.0

Mercury Hg eg/ L |10

Nickel Ni eg/ L |20 #2

Lead Pb eg/ L |10 #2
Antimony Sb eg/ L |50

Selenium Se eg/ L |10

Uranium U eg/ L |30

#1 Nitrite maximum level leaving the water treatment facility 0.10 m
Nitrate/50+nitrite/3 <1

#2 Sample is taken from user tapa wayit forms aweeklyaverage irconcentration




Table 2. Maximum limits for water quality parameters, recommendations.
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Parameter Abbreviation | Unit Limit Note
pH T T 6.51 9.5 #1
Conductivity EC € S/ ¢ m| 2500 #1
(mS/m 250 al)
Turbidity No unusual #2
changes an
acceptable
by user
Total organic carbon TOC (no  unit| No unusual
mentioned) changes
Chemical oxygen deman CODwn mg/L 5.0
permanganate
Ammoniumnitrogen NH4" mg/L 0.50
Suphate SQ# mg/L 250 #1#3
Chloride CI mg/L 250 #1#4
Aluminium Al egl/ L 200
Iron Fe egl/ L 200
Manganese Mn egl/ L 50
Sodium Na mg/L 200

be below 1 NTU.

#1 The water must not be corrosive.

a]l Converted to the unit laboratory used.

#3 To prevent corrosion, concentration should be below 150 mg/L.

#4 To prevent corrosion, concentration should be below 25 mg/L.

#2 Water leaving from surface water originated water treatment facility, turbidity s
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Appendix12. Laboratory analysisesults from the prérial period 0 and trial periodsil3.

For details of thenanualsample<ollected see Appendix 9-or standard methods used to
determine parameters in laboratories, see AppendikdiOthe details of maximum limits

of water parameters for water intendedhuman consumption see Appendix 11.

In the following tablesTP = Trial Period,S = sample numbefmanual sample)R =

requirement, r = recommendation

Table 1.Pretrial period 0 with tap water, laboratory analysis results, calibration.

Parameter | TPO | TP O | Unit
S1 S2
Turbidity |0.16 |0.18 FNU
CODuwnn <05 |06 mg/L

Pretrial period O with tap water

Table2. Trial period 1 Waste water treatment plant, laboratory analysis results, calibration.

Parameter | TP1.1 | TP1.1|TP1.1|TP1.2| TP 1.2 | TP 1.2 | Unit
S3 S7 S8 S9 S13 |S15
Turbidity | 2.2 2.3 3 180 230 160 FNU
CODcr 28 24 31 650 610 450 mg/L
Trial period 1.1 WWTP discharge effluent

Trial period 1.2 WWTP pretreated waste water
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Table3. Trial period 1 Waste water treatment plant, laboratory analysis results, water quality

test.

Parameter | TP 1.1 | TP 1.2 | Unit Maximum

S6 S14 limit
pH 7.4 8.3 6.51 9.5 (1)
EC 93 91 mS/m | 250 mS/m (r)
Turbidity 3 160 FNU | No unusual

changes an(

acceptable by

user (r)
TOC 11 100 mg/L | No  unusual
changes (r)
BODy 3.6 190 mg/L
CODcr 26 470 mg/L
CODwn 9.3 - mg/L | 5.0 mg/L (r)
NOs 38 <0.5 |mg/L |50mg/L (R)
NOz 1.4 0.044 | mg/L | 0.50 mg/L (R)
NH4* 1.3 50 mg/L | 0.50 mg/L (r)
TN 12 59 mg/L
PQ* 0.18 |35 mg/L
TP 0.26 7.1 mg/L
SQ* 91 58 mg/L | 250 mg/L (r)
CI 140 79 mg/L | 250 mg/L (r)
TSS 6 240 mg/L
TDS 558 547 mg/L

Trial period 1.1 WWTP discharge effluent
Trial period 1.2 WWTP pretreated waste water
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Table 4. Trial period 1Waste water treatment plarlaboratory analysis results, metal

elements.

Element TP11 |[TP1.2 |Unit | Maximum

S6 S14 limit

Ag | Silver <1 <1 e g/
Al | Aluminium | 97 1300 |ed/ |200 eg/
As | Arsenic 0.2 0.5 ed/ |10 egl/L
B | Boron <30 <30 e d/ | 1.0mg/L (R)
Ba | Barium 3 17 e d/
Be | Beryllium <1 <1 e g/
Ca | Calcium 74 78 mg/L
Cd | Cadmium <0.02 |0.05 ed/ |5.0 eg/
Co | Cobalt 14 0.43 e g/
Cr | Chromium | 0.92 1.7 ed/ |50 eg/L
Cu | Copper 1.7 41 e d/ | 2.0 mg/L (R)
Fe | Iron 1300 [2500 |ed/ |200 ¢eg/
Hg | Mercury <0.1 <0.1 ed/ |1.0 egl/
K | Potassium | 20 19 mg/L
Mg | Magnesium | 8 8.1 mg/L
Mn | Manganese | 210 86 ed/ |50 eg/L
Mo | Molybdenum| 1.7 1.1 e d./
Na | Sodium 68 64 mg/L | 200 mg/L (r)
Ni | Nickel 6 2.4 ed/ |20 eg/ L
P | Phosphorus | 0.31 7.4 mg/L
Pb | Lead <60 0.8 ed/ |10 eg/L
S | Sulphur 26 000 | 22000 |& d./
Sb | Antimony <1 <1 ed/ |5.0 egg/
Se | Selenium <0.5 <0.5 ed/ |10 eg/L
Si | Silicon 7 800 9900 e d/
Sn | Tin <1 2 e d/

Table continues on page 4.
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Table continues from page 3.

Element TP 1.1 | TP 1.2 | Unit Maximum

S6 S 14 limit
Sr | Strontium 100 73 e d./
Ti | Titanium <10 26 e g/
Tl | Thallium <1 <1 e d./
U | Uranium 0.39 0.89 ed/ |30 eg/L
V | Vanadium <0.5 0.89 e g/
Zn | Zinc 12 120 e d/

Trial period 1.1 WWTP discharge effluent
Trial period 1.2 WWTP pretreated waste water

End of Table.

In Tables 512, 18, and19:

o

©O O O o o o o o

DOC: Dissolved organic bound carbon, determined in thedIGD column bypass
afterinl i ne 0.45 em filtration

CDOC: Chromatographic OC

HOC: Hydrophobic OC (difference between DOC and CDOC)

NOM: Natural organic matter

Biopolymers: High in molecular weight, hydrophilic.

Humics: Quantification baseah retention time, peak shape, standards.

Building blocks Natural breakdown products of humics.

LMW acids: Lowmolecular weight organic acids

LMW neutrals: Lowmolecular weight, weakly or uncharged compounds
hydrophilic or slightly hydrophobic.

SOM: Specific organic matter (X=retention time in min.)
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Table 5. Trial period 1.2 Waste water treatment plant pretreated waste water, laboratory

analysis resultsST OC-characterisation.

Sample 10 Trial period 1.2 WWTP pretreated waste water
DOC 35498 ppkC 100 % DOC
HOC 6566 ppbC 18.5 % DOC
CDOC 28926ppb-C | 81.5 % DOC
NOM
Biopolymers 2958 ppbC 8.3 % DOC
Humic subst 6915 ppkC 19.5 % DOC
Building blocks 6318 ppbC 17.8 % DOC
LMW acids 1966 ppbC 5.5% DOC
LMW neutrals 10770 ppkC 30.3 % DOC
including SOM
SOM
X60 292 pphC
X62 <10 ppbC
X71 <10 ppbC
X73 770 ppbC
X76 < 10 ppbC
NOsz 1218 ppbN
NH4" > 15878 ppkN
Discussion; A reduced waste water (ammonium, not nitrate) high
Laboratory biodegradable material ¢§ompounds, biopolymers,
building blocks acids).
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Table6. Trial period 21 at a fish farm waste water treatment, laboratory analysis results,

collected forcalibration not used

Parameter | TP 2.1 | TP 2.1 | TP 2.1 | Unit
S16 |[S19 |S20
Turbidity | 1.6 1.6 1.7 FNU
CODcr <15 |<15 |<15 |mg/L
CODwn 1.9 1.5 1.7 mg/L

Trial period 2.1 flotation effluent

Table7. Trial period 2.1 at a fish farm waste water treatment, laboratory analysis results,

calibration.

Parameter | TP 2.1 | TP21|TP2.1|TP21|TP2.1| TP 2.1 | TP 2.1 | Unit
S21 |S22 |S23 |S24 |S25 |S29 |S31

Turbidity 1.4 15 7.6 2.5 1.3 2.4 2 FNU
CODcr <15 <15 <15 <15 <15 <15 <15 mg/L
CODuwn 1.8 2.4 5.7 3.2 1.8 1.8 2 mg/L

Trial period 2.1 flotation effluent

Table8. Trial period 2.1 at a fish farm waste water treatment, laboratory analysis results,

reduction series; not us@ucalibration

Parameter | TP 2.1 | TP 21| TP 21| TP 2.1 | TP 2.1 | Unit
S36 |S37 |S38 |S50 |S51
Turbidity 6.6 4.5 2.7 2.9 1.9 FNU

CODc <15 <15 <15 <15 <15 mg/L
CODwn 4.8 3.4 2.6 1.8 1.9 mg/L
TN 8 7 6.9 6.5 5.8 mg/L
TP 059 |031 |025 |0.28 |0.16 |mg/L
TSS 16 10 8.4 8 7.6 mg/L

Trial period 2.1 flotation effluent
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Table 9. Trial period 2.1 and trial period 2.2 at a fish farm waater treatment, laboratory

analysis results, water quality tessed for calibration.

Parameter | TP 22| TP 2.1 | TP 2.2 | TP 2.1 | Unit Maximum

S26 |S27 |S32 |S33 limit
pH 7 6.6 7.1 6.7 6.571 9.5 ()
EC 25 29 27 26 mS/m | 250 mS/m (r)

Turbidity | 3.3 1.9 6.5 3.1 FNU | No unusual
changes an(

acceptable by

user (r)
TOC 7.4 2.8 2.9 2.8 mg/L | No  unusual
changes (r)
BOD; 5.2 1.6 6 2.8 mg/L
CODcr <15 |<15 |15 <15 | mg/L
CODwn 2.4 15 3.6 2.3 mg/L | 5.0 mg/L (r)
NOs 19 20 21 20 mg/L | 50 mg/L (R)
NOy 047 |045 [064 |051 |[mg/L |0.50mg/L (R)
NH.* 038 [032 |025 |03 mg/L | 0.50 mg/L (r)
TN 5.6 5.1 5.8 5.3 mg/L
PO®* 0.34 |0.078 |0.32 [0.092 | mg/L
TP 0.46 0.17 0.44 0.19 mg/L
SQ” 11 10 11 10 mg/L | 250 mg/L (r)
CI 41 58 46 47 mg/L | 250 mg/L (r)
TSS 7.3 8.3 11 9.8 mg/L
TDS 151 176 165 154 mg/L

Trial period 2.1 flotation effluent

Trial period 2.2 flotation influent without chemicals
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Table 10. Trial period 2 at a fish farm waste water treatment, laboratory analysis results,

metal elements.

Element TP22 |TP21 |TP22 |TP2.1 | Unit | Maximum
S 26 S 27 S 32 S 33 limit

Ag | Silver <1 <1 <1 <1 eg/

Al | Aluminium |24 1900 |58 2000 (e g/ |200 ¢€g/
As | Arsenic 0.4 0.2 0.4 0.2 eg/ |10 egl/L
B | Boron <30 <30 <30 <30 e g/ | 1.0mg/L (R)
Ba | Barium 7 7 9 7 eg/

Be | Beryllium <1 <1 <1 <1 eg/

Ca | Calcium 15 14 16 15 mg/L

Cd | Cadmium <0.02 |<0.02 <002 |<002 |¢eg/ |5.0 g/
Co | Cobalt 0.05 0.03 0.09 0.04 eg/

Cr | Chromium | 0.32 0.32 0.34 0.26 eg/ |50 eg/L
Cu | Copper 2.8 0.7 1.8 0.8 e g/ |20mg/L (R)
Fe | Iron 20 <15 48 <15 eg/ |200 eg/
Hg | Mercury <0.1 <0.1 <0.1 <0.1 eg/ |1.0 egl/
K | Potassium | 2.5 2.5 2.7 2.6 mg/L

Mg | Magnesium | 4.7 4.5 4.8 4.6 mg/L

Mn | Manganese | <3 <3 5 <3 eg/ |50 eg/L
Mo | Molybdenum| 0.8 0.8 0.8 0.7 eg/

Na | Sodium 28 34 32 27 mg/L | 200 mg/L (r)
Ni | Nickel 0.1 0.8 0.2 0.7 egl/ |20 eg/L
P | Phosphorus | 0.51 0.21 0.62 0.26 mg/L

Pb | Lead <0.1 0.1 <0.1 <0.1 eg/ |10 eg/L
S | Sulphur 3900 3800 |4600 |4200 eg/

Sb | Antimony <1 <1 <1 <1 eg/ |5.0 ¢gg/
Se | Selenium <0.5 <0.5 <0.5 <0.5 eg/ |10 eg/L
Si | Silicon 8 400 8 100 8 800 8 400 eg/

Sn | Tin <1 <1 <1 <1 eqg/

Table continues on page 9.
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Table continues from page 8.

Element TP22 |TP21 |[TP22 |TP 2.1 | Unit | Maximum
S 26 S 27 S 32 S 33 limit

Sr | Strontium 53 53 57 56 egl
Ti | Titanium <10 <10 <10 <10 eg/
Tl | Thallium <1 <1 <1 <1 eg/
U | Uranium 2.5 0.93 6.5 1.2 eg/ |30 eg/lL
V | Vanadium <0.5 <05 <0.5 <05 eg/
Zn | Zinc 11 7 14 6 eg/
Trial period 2.1 flotation effluent
Trial period 2.2 flotation influent without chemicals

End of Table.

Table1l. Trial period 2.2 at a fish farm waste water treatment, laboratory analysis results,

calibration,and reduction series.

Parameter | TP 22 | TP 22 | TP 22 | TP 22 | TP 22 | Unit
S28 S30 S34 S35 S54
Turbidity 11 4.2 55 91 34 FNU

CODcr 72 <15 |[160 37 <15 | mg/L
CODwn 5 3.1 - - 1.7 mg/L
TN - - - 15 - mg/L
TP - - - 9 - mg/L
TSS - - - 190 - mg/L

Trial period 2.2 flotation influent without chemicals
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Table 2. Trial period 2.2 at a fish farm waste water treatment, flotation influent without

chemicals, laboratory analysis results, FC€i@racterisation.

Sample52 Trial period 2.2 at a fish farm waste water treatment
DOC 1588ppb-C 100 % DOC
HOC 11ppbC| 0.7% DOC*
CDOC 1577ppbC | 99.3% DOC
NOM
Biopolymers 299ppb-C 18.8% DOC
Humic subst 490ppb-C 30.9% DOC
Building blocks 298ppb-C 18.8% DOC
LMW acids <1ppbC
LMW neutrals 489ppb-C 308 % DOC
including SOM
SOM
X60 <1ppbC
X62 24 ppb-C
X71 20ppb-C
X73 <1ppbC
X76 55ppb-C
NOs > 2108ppb-N
NH4" 374ppb-N
Discussion; Surprisingly | ow in DG6O
Laboratory biopolymers (high protein content), high in nitrate,
ammonium also relatively high (fish poison!) and son
biodegradable >¢ompounds, X62 could be urea.
* significance unclear
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Table 13. Trial period 2.3 at a fish farm waste water treatment, laboratory analysis results,

calibration,and reduction series.

Parameter | TP 2.3 | TP 23| TP 23| TP 23| TP 2.3 | TP 2.3 | Unit
S40 |S41 |S45 |S46 |S48 |S49

Turbidity 7.6 28 5 4.3 15 23 FNU
CODcr <15 <15 <15 <15 <15 <15 mg/L
CODwn 1.8 2.4 2 4.1 - - mg/L
TN - - - - 9.1 9.6 mg/L
TP - - - - 1.9 2.1 mg/L
TSS - - - - 60 59 mg/L
Trial period 2.3 flotation influent with chemicals

Table 14. Trial period 3.1 nanofiltration pilot permeate, laboratory analysis results,

calibration.

Parameter | TP 3.1 | TP 3.1 | TP 3.1 | TP 3.1 | Unit
S55 |S61 |S62 |S64
Turbidity 0.58 0.59 0.41 0.11 FNU
CODuwn 4.9 3 5.2 0.8 mg/L

Trial period 3.1 nanofiltration pilgtermeate

Table15. Trial period 3.2 nanofiltration pilot concentrate dndl period3.3 nanofiltration

pilot influent, laboratory analysis results, calibration.

Parameter | TP 3.2| TP 3.2| TP 3.2 | TP 3.3 | TP 3.3 | Unit
S69 |[S70 |S73 |S77 |S80
Turbidity 6.4 5.2 4.2 2.6 2.7 FNU
CODcr 89 100 110 38 37 mg/L
CODwn - - - 15 15 mg/L

Trial period 3.2 nanofiltration pilot concentrate

Trial period 3.3 nanofiltration pilot influent
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Table 16. Trial period 3 at a nanofiltration piloiaboratory analysis results, water quality

test.

Parameter | TP 3.1 | TP 3.2 | TP 3.3 | Unit Maximum

S57 |S74 |S81 limit
pH 5.03 7.08 6.86 6.57 9.5 ()
EC 7.9 23 12 mS/m | 250 mS/m (r)

Turbidity 0.17 4.7 2.7 FTU | No unusual
changes an(

acceptable by

user (r)
TOC 8.9 46 15 mg/L | No  unusual
changes (r)
BODy 11 <3 <3 mg/L
CODc <30 120 38 mg/L
CODwn 11 46 17 mg/L | 5.0 mg/L (r)
NOs 0.12 0.16 |0.19 mg/L | 50 mg/L (R)
NO2 <0.01 | 0.020 | 0.014 | mg/L | 0.50 mg/L (R)
NH4* 0.011 | 0.10 |0.063 | mg/L |0.50 mg/L (r)
TN 0.099 |15 0.69 | mg/L
PO®* <2 17 8.4 eg/
0.017* | 0.084* | mg/L
TP <3 79 39 egl/
0.079* | 0.039* | mg/L
SQ* 3.8 57 17 mg/L | 250 mg/L (r)
Cr 12 10 10 mg/L | 250 mg/L (r)
TSS <1 4.6 1.2 mg/L
TDS 62 230 100 mg/L

Trial period 3.1Inanofiltration pilot permeate

Trial period 3.2 nanofiltration pilot concentrate

Trial period 3.3 nanofiltration pilot influent

* Converted to the same unit as in the other trial periods
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Tablel7. Trial period 3 at a nanofiltration pildgboratory analysis results, metal elements.

Element TP3.1 |TP3.1 |[TP3.2 |TP3.3 |Unit | Maximum
S58 S65 S72 S79 limit

Ag | Silver <1 <1 <1 <1 eg/

Al | Aluminium | 59 15 300 190 eg/ |200 eg/
As | Arsenic 0.4 0.3 1.5 0.8 eg/ |10 egl/L
B | Boron <30 <30 <30 <30 € g/ |1.0mg/L (R)
Ba | Barium 5 3.1 27 10 egl/

Be | Beryllium <1 <1 <1 <1 eg/

Ca | Calcium 2.7 3 18 7.5 mg/L

Cd | Cadmium <0.02 |<0.02 |<0.02 |[<002 |eg/ |5.0 ¢eg/
Co | Cobalt 0.07 <0.03 |0.67 0.33 eg/

Cr | Chromium | 0.25 0.13 1.4 0.6 eg/ |50 eg/lL
Cu | Copper <0.2 0.2 4.9 2 e g/ |20mg/L (R)
Fe | Iron 88 <15 3500 (2100 |eg/ 200 ¢eg/
Hg | Mercury <0.1 <0.1 <0.1 <0.1 eg/ |1.0 eg/
K | Potassium | 2.1 2.2 4.6 2.8 mg/L

Mg | Magnesium | 1.2 1.4 7.2 3 mg/L

Mn | Manganese | 20 9 110 37 eg/ |50 eg/lL
Mo | Molybdenum| 0.5 0.3 0.5 0.4 eg/

Na | Sodium 8.1 7.3 14 8.9 mg/L | 200 mg/L (r)
Ni | Nickel 0.9 <0.1 9.5 2.9 eg/ |20 eg/L
P | Phosphorus | <0.05 |<0.05 |0.07 <0.05 | mg/L

Pb | Lead <0.1 <0.1 0.8 0.5 eg/ |10 eg/L
S | Sulphur 1400 |[1600 |19000 6400 |e g/

Sb | Antimony <1 <1 <1 <1 eg/ |5.0 ¢gg/
Se | Selenium <0.5 <0.5 <0.5 <0.5 eg/ |10 eg/L
Si | Silicon 1300 |910 1200 |[1100 |e g/

Sn | Tin <1 <1 <1 <1 eqg/

Table continues opage 14.



Table continues from page 13.
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Element TP31 |TP3.1 |[TP3.2 | TP 3.3 | Unit | Maximum
S 58 S 65 S72 S79 limit
Sr | Strontium 18 20 120 48 egl
Ti | Titanium <10 <10 <10 <10 eg/
Tl | Thallium <1 <1 <1 <1 eg/
U | Uranium 0.03 <0.01 |0.32 0.15 eg/ |30 eg/lL
V | Vanadium <0.5 <05 1.2 0.7 eg/
Zn | Zinc <5 <5 8 7 eg/

Trial period 3.1 nanofiltration pilot permeate
Trial period 3.2 nanofiltration pilot concentrate

Trial period 3.3 nanofiltration pilot influent

End of Table.



Table 18. Trial period 3.2 nanofiltration pilot concentrate, laboratory analysis results, TOC

characterisation.

Sample 75 Trial period 3.2nanofiltration pilot concentrate

brown water lake.

through UF (?), at least in part.

DOC 41992 ppkC 100 % DOC
HOC 229 ppbC | 0.5% DOC *
CDOC 41762 ppeC | 99.5 %DOC

NOM
Biopolymers 1036 ppbC 2.5 % DOC
Humic subst 30309 ppkC 72.2 % DOC
Building blocks 6041 ppbC 14.4 % DOC
LMW acids 198 ppbC 0.5% DOC
LMW neutrals 4179 ppkC 10.0 % DOC
including SOM
SOM

X60 < 20 ppbC

X62 < 20 ppbC

X71 < 20 ppbC

X73 < 20 ppbC

X76 < 20 ppbC

NOs < 20 ppbN

NH4" 138 ppbN

Discussion; Qualitatively the 2 samples (75&82) are more or

Laboratory i denti cal Waters refl g

Note: Biopolymers here are NOT biopolymers but
A h umi n ssoluble (namopatrticles) humic matter.

IS interesting to note that these humins seem to brea

* significance unclear

15(16)
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Table DB. Trial period 33 nanofiltration pilotinfluent, laboratory analysis results, TOC

characterisation.
Sample 82 Trial period 3.3nanofiltration pilot influent
DOC 13989ppb-C 100 % DOC
HOC 180ppbC| 1.3% DOC *
CDOC 13809ppb-C | 98.7% DOC
NOM
Biopolymers 465ppb-C 3.3% DOC
Humic subst 9782ppb-C 69.9% DOC
Building blocks 1918ppb-C 13.7% DOC
LMW acids 117ppbC 0.8% DOC
LMW neutrals 1527ppb-C 10.9% DOC
including SOM
SOM
X60 <5ppbC
X62 <5 ppkC
X71 <5 ppbC
X73 <5 ppkC
X76 <5 ppkC
NOs 58 ppb-N
NH4" 53 ppb-N
Discussion; Qualitatively the 2 samples (75&82) are more or
Laboratory i denti cal Waters refl g
brown water lake.
Note: Biopolymers here are NOT biopolymers but
A h u minonssoluble (nanoparticles) humic matter.
IS interesting to note that these humins seem to brea
through UF (?), at least in part.
* significance unclear
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Appendix13. Examples of .csfile datg .xIsm filemacroimported datdo .xlIsx file, and

calibrated datan .xIsx file.

Record,Date,UTC Time,Line,COD,Turb,Visabs,Temp,-
1,06/13/2023,10:38:19, 1, 1.878271E+01, 8.584138E+00, 1.311036E+00, 2.878247E+01, 0.000000E+00
2,06/13/2023,11:27:46, 1.878271E+01, 8.584138E+00, 1.311036E+00, 2.878247E+01, 0.000000E+00
3,06/13/2023,11:30:08, 8.226028E+00, 7.348116E+01, 9.276151E-01, 3.306247E+01, 0.000000E+00
4,06/13/2023,11:40:44, 8.226028E+00, 7.348116E+01, 9.276151E-01, 3.306247E+01, 0.000000E+00
5,06/13/2023,11:42:15, 6.628175E+00, 6.167699E+00, 4.276120E-01, 3.097271E+01, 0.000000E+00
6,06/13/2023,11:50:48, 6.263124E+00, 4.384971E+00, 2.510982E-01, 3.147505E+01, 0.000000E+00
7,06/13/2023,11:58:02, 5.590935E+00, 4.209642E+00, 1.461688E-01, 3.200151E+01, 0.000000E+00
8,06/13/2023,11:59:08, 5.590935E+00, 4.209642E+00, 1.461688E-01, 3.200151E+01, 0.000000E+00
9,06/13/2023,12:28:02, 7.889667E+00, 4.491786E+00, 1.894894E-01, 3.196133E+01, 0.000000E+00
10,06/13/2023,12:58:02, 7.247167E+00, 5.743763E+00, 2.113188E-01, 3.166393E+01, 0.000000E+00
11,06/13/2023,13:32:10, 5.232475E+00, 3.174485E+00, 2.122650E-01, 3.074765E+01, 0.000000E+00
12,06/13/2023,13:45:42, 7.888936E+00, 3.669370E+00, 3.056920E-01, 3.083858E+01, 0.000000E+00
13,06/13/2023,13:54:486, 6.334157E+00, 4.081604E+00, 3.453980E-01, 3.085666E+01, 0.000000E+00
14,06/13/2023,14:24:46, 5.695971E+00, 6.540450E+00, 4.606265E-01, 3.075569E+01, 0.000000E+00
15,06/13/2023,14:54:46, 5.312535E+00, 4.820437E+00, 4.025835E-01, 3.060700E+01, 0.000000E+00
16,06/13/2023,15:24:46, 6.134542E+00, 6.122694E+00, 2.730272E-01, 3.053867E+01, 0.000000E+00
17,06/13/2023,15:54:46, 5.066221E+00, 5.590947E+00, 5.221099E-01, 3.051456E+01, 0.000000E+00
18,06/13/2023,16:24:46, 3.936007E+00, 6.612213E+00, 6.172823E-01, 3.045026E+01, 0.000000E+00
19,06/13/2023,16:54:46, 6.551689E+00, 6.339499E+00, 3.154442E-01, 3.042213E+01, 0.000000E+00
20,06/13/2023,17:24:486, 8.276582E+00, 5.511863E+00, 1.772796E-01, 3.043017E+01, 0.000000E+00
21,06/13/2023,17:54:486, 8.265798E+00, 5.357561E+00, 4.656934E-01, 3.034176E+01, 0.000000E+00
22,06/13/2023,18:24:486, 7.751125E+00, 6.263863E+00, 4.369477E-01, 3.034577E+01, 0.000000E+00
23,06/13/2023,18:54:46, 4,771381E+00, 5.883067E+00, 6.077514E-01, 3.031764E+01, 0.000000E+00
24,06/13/2023,19:24:46, 5.887565E+00, 5.440559E+00, 5.617532E-01, 3.028549E+01, 0.000000E+00
25,06/13/2023,19:54:46, 7.314530E+00, 5.643036E+00, 4.895397E-01, 3.026540E+01, 0.000000E+00
26,06/13/2023,20:24:46, 5.267381E+00, 5.591367E+00, 7.779369E-01, 3.024531E+01, 0.000000E+00
27,06/13/2023,20:54:486, 2.673799E+00, 5.830064E+00, 1.290308E+00, 3.024932E+01, 0.000000E+00
28,06/13/2023,21:24:486, 7.109591E+00, 4.192860E+00, 5.176909E-01, 3.023325E+01, 0.000000E+00
29,06/13/2023,21:54:486, 6.815090E+00, 5.554054E+00, 7.605379E-01, 3.020110E+01, 0.000000E+00
30,06/13/2023,22:24:48, 5.110453E+00, 4.986083E+00, 9.790996E-01, 3.017699E+01, 0.000000E+00
31,06/13/2023,22:54:48, 5.232157E+00, 4.993011E+00, 9.933846E-01, 3.016092E+01, 0.000000E+00
32,06/13/2023,23:24:46, 3.680985E+00, 5.785697E+00, 1.365755E+00, 3.007250E+01, 0.000000E+00
33,06/13/2023,23:54:46, 6.275624E+00, 4.462026E+00, 7.942020E-01, 3.002025E+01, 0.000000E+00
34,06/14/2023,00:24:46, 5.120521E+00, 5.035021E+00, 8.948951E-01, 2.995997E+01, 0.000000E+00
35,06/14/2023,00:54:47, 5.546615E+00, 5.767401E+00, 9.797759E-01, 2.996399E+01, 0.000000E+00
36,06/14/2023,01:24:47, 4.806387E+00, 4.823760E+00, 1.185722E+00, 2.994792E+01, 0.000000E+00
37,06/14/2023,01:54:47, 4.790667E+00, 4.789980E+00, 8.681437E-01, 2.993586E+01, 0.000000E+00
38,06/14/2023,02:24:47, 6.844232E+00, 4.573744E+00, 3.466140E-01, 2.988362E+01, 0.000000E+00
39,06/14/2023,02:54:47, 6.246413E+00, 5.161652E+00, 5.967023E-01, 2.985549E+01, 0.000000E+00
40,06/14/2023,03:24:47, 4.533132E+00, 6.390267E+00, 6.410187E-01, 2.981128E+01, 0.000000E+00

e e e e e

el e el e i sl i el e e sl el i sl el e el e i s e i s e

Figure 1. Example ofcsv file data of Optoseven FSAT1000UV COD and Turbidity
Liquid Analysersamples #40. Sreenshot.
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Record Date UTC Time Line CcoD Turb Visabs Temp -

13.6.2023 10:38 113.6.2023 10:38:19 1 18.78 8.58 1.31 28.78 0.00
13.6.2023 11:27 2 13.6.2023 11:27:46 1 18.78 8.58 1.31 28.78 0.00
13.6.2023 11:30 3 13.6.2023 11:30:08 1 8.23 73.48 0.93 33.06 0.00
13.6.2023 11:40 4 13.6.2023 11:40:44 1 8.23 73.48 0.93 33.06 0.00
13.6.2023 11:42 513.6.2023 11:42:15 1 6.63 6.17 0.43 30.97 0.00
13.6.2023 11:50 6 13.6.2023 11:50:48 1 6.26 4.38 0.25 31.48 0.00
13.6.2023 11:58 7 13.6.2023 11:58:02 1 5.59 4.21 0.15 32.00 0.00
13.6.2023 11:59 8 13.6.2023 11:59:08 1 5.59 4.21 0.15 32.00 0.00
13.6.2023 12:28 9 13.6.2023 12:28:02 1 7.89 4.49 0.19 31.96 0.00
13.6.2023 12:58 10 13.6.2023 12:58:02 1 7.25 5.74 0.21 31.66 0.00
13.6.2023 13:32 11 13.6.2023 13:32:10 1 5.23 3.17 0.21 30.75 0.00
13.6.2023 13:45 12 13.6.2023 13:45:42 1 7.89 3.67 0.31 30.84 0.00
13.6.2023 13:54 13 13.6.2023 13:54:46 1 6.33 4.08 0.35 30.86 0.00
13.6.2023 14:24 14 13.6.2023 14:24:46 1 5.70 6.54 0.46 30.76 0.00
13.6.2023 14:54 15 13.6.2023 14:54:46 1 5.31 4.82 0.40 30.61 0.00
13.6.2023 15:24 16 13.6.2023 15:24:46 1 6.13 6.12 0.27 30.54 0.00
13.6.2023 15:54 17 13.6.2023 15:54:46 1 5.07 5.59 0.52 30.51 0.00
13.6.2023 16:24 18 13.6.2023 16:24:46 1 3.94 6.61 0.62 30.45 0.00
13.6.2023 16:54 19 13.6.2023 16:54:46 1 6.55 6.34 0.32 30.42 0.00
13.6.2023 17:24 20 13.6.2023 17:24:46 1 8.28 5.51 0.18 30.43 0.00
13.6.2023 17:54 21 13.6.2023 17:54:46 1 8.27 5.36 0.47 30.34 0.00
13.6.2023 18:24 22 13.6.2023 18:24:46 1 7.75 6.26 0.44 30.35 0.00
13.6.2023 18:54 23 13.6.2023 18:54:46 1 4.77 5.88 0.61 30.32 0.00
13.6.2023 19:24 24 13.6.2023 19:24:46 1 5.89 5.44 0.56 30.29 0.00
13.6.2023 19:54 25 13.6.2023 19:54:46 1 7.31 5.64 0.49 30.27 0.00
13.6.2023 20:24 26 13.6.2023 20:24:46 1 5.27 5.59 0.78 30.25 0.00
13.6.2023 20:54 27 13.6.2023 20:54:46 1 2.67 5.83 1.29 30.25 0.00
13.6.2023 21:24 28 13.6.2023 21:24:46 1 7.11 4.19 0.52 30.23 0.00
13.6.2023 21:54 29 13.6.2023 21:54:46 1 6.82 5.55 0.76 30.20 0.00
13.6.2023 22:24 30 13.6.2023 22:24:46 1 5.11 4.99 0.98 30.18 0.00
13.6.2023 22:54 31 13.6.2023 22:54:46 1 5.23 4.99 0.99 30.16 0.00
13.6.2023 23:24 32 13.6.2023 23:24:46 1 3.68 5.79 1.37 30.07 0.00
13.6.2023 23:54 33 13.6.2023 23:54:46 1 6.28 4.46 0.79 30.02 0.00

14.6.2023 0:24 34 14.6.2023  0:24:46 1 5.12 5.04 0.89 29.96 0.00

14.6.2023 0:54 35 14.6.2023  0:54:47 1 5.55 5.77 0.98 29.96 0.00

14.6.2023 1:24 36 14.6.2023  1:24:47 1 4.81 4.82 1.19 29.95 0.00

14.6.2023 1:54 37 14.6.2023  1:54:47 1 4.79 4.79 0.87 29.94 0.00

14.6.2023 2:24 38 14.6.2023  2:24:47 1 6.84 4,57 0.35 29.88 0.00

14.6.2023 2:54 39 14.6.2023  2:54:47 1 6.25 5.16 0.60 29.86 0.00

14.6.2023 3:24 40 14.6.2023  3:24:47 1 4.53 6.39 0.64 29.81 0.00

Figure 2. Example of .xIsm file macro imported data in .xIsx @ptoseven FSACT1000
UV COD and Turbidity Liquid Analysesamples #40. Screenshot.
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Record COD(Cr) COD(Mn) Turbidity
0.376 0.175
0.335 0.168

13.6.2023 11:50
13.6.2023 11:58

w0 0 ~NO;

13.6.2023 11:59 0.335 0.168
13.6.2023 12:28 0.473 0.180
13.6.2023 12:58 10 0.435 0.230
13.6.2023 13:32 11 0.314 0.127
13.6.2023 13:45 12 0.473 0.147
13.6.2023 13:54 13 0.380 0.163
13.6.2023 14:24 14 0.342 0.262
13.6.2023 14:54 15 0.319 0.193
13.6.2023 15:24 16 0.368 0.245
13.6.2023 15:54 17 0.304 0.224
13.6.2023 16:24 18 0.236 0.264
13.6.2023 16:54 19 0.393 0.254
13.6.202317:24 20 0.497 0.220
13.6.202317:54 21 0.496 0.214
13.6.2023 18:24 22 0.465 0.251
13.6.2023 18:54 23 0.286 0.235
13.6.2023 19:24 24 0.353 0.218
13.6.2023 19:54 25 0.439 0.226
13.6.2023 20:24 26 0.316 0.224
13.6.2023 20:54 27 0.160 0.233
13.6.2023 21:24 28 0.427 0.168
13.6.2023 21:54 29 0.409 0.222
13.6.2023 22:24 30 0.307 0.199
13.6.2023 22:54 31 0.314 0.200
13.6.2023 23:24 32 0.221 0.231
13.6.2023 23:54 33 0.377 0.178

14.6.2023 0:24 34 0.307 0.201

14.6.2023 0:54 a5 0.333 0.231

14.6.2023 1:24 36 0.288 0.193

14.6.2023 1:54 37 0.287 0.192

14.6.2023 2:24 38 0.411 0.183

14.6.2023 2:54 39 0.375 0.206

14.6.2023 3:24 40 0.272 0.256

Figure 3. Example of .xIsx calibrated data ©@ptoseven FSACT1000 UV COD and
Turbidity Liquid Analysersamples &0. Screenshot.



Appendix 4. Calibration datglottedfor pretrial period O turbidity parameter.

1(2)

Metropolilab
Opto mg/L FNU
Time Date Sample cal. |Sample Opto| COD  turbidity | CODyg turbidity
11:50 |13.6.2023 1 6 6.26 4.38 0.25 0.16
10:00 |19.6.2023 2 242 7.39 3.28 0.6 0.18
O O 0]
Pre-trial period 0, turbidity calibration FNU y=-0.02x +0.24
Trendline without modification RE= 100
1
0.9
0.8
0.7
£ 0.6
QO s o
Eo.dr
0.3
0.2 [T o ... ® b,
0.1 -
0
0.00 1.00 200 3.00 400 500 600 7.00 800 9.00 10.00
Optoseven
O O O

Figure 1. Screenshot of pteal period O tap water turbiditgalibration data plotted,

trendline without modification.



2(2)

Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD,y, turbidity
11:50 |13.6.2023 1 6 6.26 438 0.25 0.16
10:00 {19.6.2023 2 242 7.39 3.28 0.6 0.18
o O 0
Pre-trial period 0, turbidity calibration FNU y=0.04x
Trendline through origin RE=0.9¢
1
0.9
0.8
0.7
50.6
@) {%0_5 0
804
0.3
0.2 e
0.1
0.00 100 200 3.00 400 500 600 7.00 800 9.00 10.00
Optoseven

Figure 2. Screenshot of pteal period 0 tap water

trendline through origin.

turbidity calibration data plotted,



Appendix 15 Calibration data plotted for trial periodd B.

Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD, turbidity
14:48 |19.6.2023 3 247 111.18 7.26 28 22
12:48 (21.6.2023 7 339 110.67 16.63 24 23
12:48 |26.6.2023 8 579 99.64 17.63 31 3
o O 0]
Trial period 1.1, COD, calibration mg/L Y= 026x
Trendline through origin R*=0.98
50
45
40
35
g 30 * =
L T S . (o}
= 20
-
S S E——rT
10
5 et
0 L
0 20 40 60 80 100 120 140
Optoseven
e, O O

1(13)

Figure 1. Screenshot of trial period 1.1 WWTP discharge effluentdcCdlibration data

plotted, trendline through origin.
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Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD¢, turbidity
14:48 |19.6.2023 3 247 111.18 7.26 28 22
12:48 |21.6.2023 7 339 110.67 16.63 24 23
12:48 126.6.2023 8 579 99.64 17.63 31 3
o O 0]
Trial period 1.1, turbidity calibration FNU _
. . L. y=0.17x
Trendline through origin R==0.04
5
4.5
4
35
B3 e
O E,5 o]
2 . ¢
s
1
0.5
0 b
0 5 10 15 20 25 30
Optoseven
e, O O

Figure 2. Screenshot of trial period 1.1 WWdiBcharge effluent turbidity calibration data

plotted, trendline through origin.

Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD., turbidity
15:55 126.6.2023 9 583 573.71 184 .46 650 180
12:26 130.6.2023 13 768 503.58 | 153.76 610 230
10:09 | 4.7.2023 15 955 59463 | 17434 | 450 160
o O o]
Trial period 1.2, COD, calibration mg/L y=101x
Trendline through origin RE=0.96
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Figure 3. Screenshot of trial period 1.2 WWTP pretreated waste wategC@alDration

data plotted, trendline through origin.
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Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | CODc, turbidity
15:55 (26.6.2023 9 583 573.71 184.46 650 180
12:26 (30.6.2023 13 768 503.58 | 153.76 610 230
10:09 | 4.7.2023 15 955 50463 | 17434 | 450 160
o O C
Trial period 1.2, turbidity calibration FNU y=1.10x
Trendline through origin RE=093
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Figure 4. Screenshot of trial period 1.2 WWTP pretreated waste water turbidity calibration

data plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | CODe; CODyy,  turbidity
13:39 | 7.7.2023 21 1016 10.22 4.46 <15 1.8 1.4
13:45110.7.2023 22 1173 7.59 4.20 <15 24 1.5
9:15 (14.7.2023 23 1356 27.96 10.90 <15 5.7 7.6
9:45 114.7.2023 24 1357 20.23 4.65 <15 3.2 2.5
12:15 |14.7.2023 25 1362 11.51 3.96 <15 1.8 13
9:15 |25.7.2023 27 1882 13.36 4.71 <15 L5 1.9
10:00 |25.7.2023 29 1883 13.95 3.73 <15 1.8 24
11:15 |25.7.2023 31 1884 13.75 4.98 <15 2 2
12:00 |25.7.2023 33 1885 17.50 5.06 <15 2.3 31
Lo —J O
Trial period 2.1, COD,,, calibration mg/L v=0.1%
Trendline through origin R?=0.95
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Figure 5. Screenshot of trial period 2.1 fish farm flotation effluent GQdalibration data

plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD;, COD,y, turbidity
13:39 | 7.7.2023 21 1016 10.22 4.46 <15 1.8 1.4
13:45 110.7.2023 22 1173 7.59 4.20 <15 24 1.5
9:15 (14.7.2023 23 1356 27.96 10.90 <15 5.7 7.6
9:45 (14.7.2023 24 1357 20.23 4.65 <15 32 25
12:15 |14.7.2023 25 1362 11.51 3.96 <15 1.8 13
9:15 (25.7.2023 27 1882 13.36 4.71 <15 1.5 1.9
10:00 |25.7.2023 29 1883 13.95 3.73 <15 1.8 24
11:15 |25.7.2023 31 1884 13.75 4.98 <15 2 2
12:00 |25.7.2023 33 1885 17.50 5.06 <15 23 3.1
4 O ~
Trial period 2.1, turbidity calibration FNU ¥=0.56x
Trendline through origin RE=0.93
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Figure 6. Screenshot of trial period 2.1 fish farm flotation effluent turbidity calibration data

plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  fwbidity | CODg, COD,y, turbidity
8:50 |25.7.2023 26 1886 18.41 7.01 <15 24 33
9:30 |25.7.2023 28 1887 31.13 13.38 72 5 11
10:45 |25.7.2023 30 1888 22.04 7.59 <15 31 42
11:30 |25.7.2023 32 1889 22.60 6.60 15 3.6 6.5
(o, O O
Trial period 2.2, COD,,, calibration mg/L
. S 7= 0.15:
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Figure 7. Screenshot of trial period 2.2 fish fdlotation influent without chemicals CQIa

calibration data plotted, trendline through origin.

Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD¢,  CODyy, turbidity
9:30 |25.7.2023 28 1887 3113 13.38 72 5 11
11:30 |25.7.2023 32 1889 22.60 6.60 15 3.6 6.5
14:36 131.7.2023 34 2282 128.57 64.29 160 - 55
4 O \)
Trial period 2.2, COD, calibration mg/L y=120x
Trendline through origin rmo0e
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Figure8. Screenshot of trial period 2.2 fish farm flotation influent without chemicals¢OD

calibration data plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  furbidity | CODe, CODM, turbidity
8:50 |25.7.2023 26 1886 18.41 7.01 <15 24 33
9:30 |25.7.2023 28 1887 31.13 13.38 72 5 11
10:45 |25.7.2023 30 1888 22.04 7.59 <15 3.1 42
11:30 |25.7.2023 32 1889 22.60 6.60 15 3.6 6.5
14:36 131.7.2023 34 2282 128.57 64.29 160 - 55
o O O
Trial p§ri0d 2.2, turblid.ity calibration FNU Y- 085
Trendline through origin RZ=1.00
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Figure 9. Screenshot of trial period 2.2 fish farm flotation influent without chemicals

turbidity calibration data plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  furbidity | CODe, CODy, turbidity
14:05 | 4.8.2023 40 3412 16.96 13.68 <15 1.8 7.6
9:56 | 7.8.2023 41 4217 44.95 30.47 <15 2.4 28
9:36 | 8.8.2023 45 4501 9.98 8.65 <15 2 5
11:56 | 8.8.2023 46 4503 4.43 8.52 <15 4.1 43
13:11 |10.8.2023 48 5094 18.38 18.32 <15 - 15
13:26 |10.8.2023 49 5097 40.71 32.59 <15 - 23
O O o]
Trial p§r10d 2.3, CO[‘)Mn calibration mg/L =007
Trendline through origin R2=043
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Figure 10. Screenshot of trial period 2.3 fish farm flotation influent with chemicals/cOD

calibration data plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time Date | Sample cal. |[Sample Opto| COD  turbidity | CODe, CODyy, turbidity
14:05 | 4.8.2023 40 3412 16.96 13.68 <15 1.8 7.6
9:56 | 7.8.2023 41 4217 44.95 3047 <15 24 28
9:36 | 8.8.2023 45 4501 9.98 8.65 <15 2 5
11:56 | 8.8.2023 46 4503 4.43 8.52 <15 4.1 43
13:11 |10.8.2023 48 5094 18.38 18.32 <15 15
13:26 |10.8.2023 49 5097 40.71 32.59 <15 23
o O O
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Figure 11. Screenshot of trial period 2.3 fish farm flotation influent with chemicals turbidity

calibration data plotted, trendline through origin.
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Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  twrbidity | CODy, turbidity
10:20 |17.8.2023 55 5656 8.33 1.73 19 | 058
10:30 | 17.8.2023 61 5658 7.98 2.79 3 0.59
16:06 |21.8.2023 62 6876 6.83 1.09 5.2 0.41
11:21 |22.8.2023 64 7107 4.96 1.66 08 | 011
o O O
Trial period 3.1, COD,, calibration mg/L Cosi
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Figure 12. Screenshot of trial peri@dl nanofiltration pilot permeat€ODwn, calibration

data plotted, trendline through origin.

Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | CODyy, turbidity
10:20 |17.8.2023 55 5656 8.33 1.73 4.9 0.58
10:30 |17.8.2023 61 5658 7.98 2.79 3 0.59
16:06 |21.8.2023 62 6876 6.83 1.09 5.2 0.41
11:21 |22.8.2023 64 7107 4.96 1.66 0.8 0.11
o O 0]
Trial pgriod 3.1 rurb_id.ity calibration FNU y=022x
Trendline through origin R2=0.84
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Figure 13. Screenshot of trial periBdL nanofiltration pilot permeaterbidity calibration

data plottedtrendline through origin.



Metropolilab
Opto mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  turbidity | COD¢, turbidity
11:15 |28.8.2023 69 8788 520.84 12.71 89 6.4
11:50 | 28.8.2023 70 8795 611.64 12.74 100 52
12:00 | 28.8.2023 73 8797 621.19 12.75 110 4.2
O O O
Trial period 3.2, COD, calibration mg/L
. . y=0.17x
Trendline through origin R2=1.00
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Figure 14. Screenshot of trial period 3.2 nanofiltration pilot concentratecgalibration

data plotted, trendline through origin.

Metropolilab
Opto mg/L FNU
Time Date | Sample cal. |Sample Opto| COD  turbidity | CODg, turbidity
11:15 |28.8.2023 69 8788 520.84 12.71 89 6.4
11:50 |28.8.2023 70 8795 611.64 12.74 100 5.2
12:00 | 28.8.2023 73 8797 621.19 12.75 110 4.2
O O Q
Trial period 3.2 turbidity calibration FNU
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Figure 15. Screenshot of trial period 3.2 nanofiltration pilot concentrate turbidity calibration

data plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  furbidity | CODe,  CODyy,  turbidity
9:43 |30.8.2023 77 9070 23636 | 10.73 38 15 2.6
9:53 30.8.2023 80 9071 236.92 10.51 37 15 2.7
O O O
Trial period 3.3, COD,, calibration mg/L = 0.06x
Trendline through origin Re=#N/A
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Figure B. Screenshot of trial period 3.3 nanofiltration pilot influent Gf@Balibration data

plotted, trendline through origin.

Metropolilab
Opto mg/L mg/L FNU
Time | Date Sample cal. |Sample Opto| COD  turbidity | COD¢, CODyy, turbidity
9:43 (30.8.2023 71 9070 236.36 10.73 38 15 2.6
9:53 30.8.2023 80 9071 236.92 10.51 37 15 2.7
o O O
Trial p.eriod 3.3, CODQ— calibration mg/L = 0.16%
Trendline through origin R*=1.00
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Figure 17. Screenshot of trial period 3.3 nanofiltration pilot influent @8&libration data

plotted, trendline through origin.
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Metropolilab
Opto mg/L mg/L FNU
Time | Date | Sample cal. |Sample Opto| COD  twrbidity | CODe, COD,y turbidity
9:43 130.8.2023 77 9070 236.36 10.73 38 15 2.6
9:53 130.8.2023 80 9071 236.92 10.51 37 15 2.7
O O O
Trial period 3.3, turbidity calibration FNU _
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Figure 18. Screenshot of trial period 3.3 nanofiltration pilot influent turbidity calibration data

plotted, trendline through origin.
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Appendix 16.Trial period 3.1 nanofiltration pilot permeatéeenical washnterval graphs.

Trial period 3.1, COD,, + turbidity results, one chemical wash interval time, first
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Figure 1. Trial period 3.1, 1.5 days chart time, G@E&nd turbidity, one chemical wash

interval, first.

Trial period 3.1, CODy,, + turbidity results, one chemical wash interval time, second
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Figure 2. Trial period 3.1, 1.5 days chart tif@)Dwvn and turbidity, one chemical wash

interval, second.
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Trial period 3.1, CODy, + turbidity results, one chemical wash interval time, third
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Figure 3. Trial period 3.1, 1.5 days chart time, G@E&nd turbidity, one chemical wash
interval, third.

Trial period 3.1, CODy,, + turbidity results, one chemical wash interval time, fourth
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Figure 4. Trial period 3.1, 1.5 days chart time, G@E&nd turbidity, one chemical wash
interval, faurth.

Trial period 3.1, COD,, + turbidity results, one chemical wash interval time, fifth
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Figure 5. Trial period 3.1, 1.5 days chart time, G@E&nd turbidity, one chemical wash

interval, fifth.



