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The objective of the study was to test an online analyser Optoseven FSA-CT1000 UV COD 

and Turbidity Liquid Analyser in authentic field conditions. Measured parameters were 

Chemical Oxygen Demand (COD) and turbidity. COD online measurement with UV-Vis 

spectrometry as a method is new and highly dependent on the validity of the calibration. The 

device is calibrated with laboratory analysed manual samples hence the manual sampling 

affects the validity of the data. The analyser uses also internal calibration with sample cell 

cleanliness against background liquid, which worked also as the cleaning agent in this study. 

Choosing the right background/cleaning solution for the analysed waters turned out to be 

challenging in some cases. 

Three different trial locations and one pre-trial location yielded information about total of 

nine sampling points. Monitored waters were from tap water to raw municipal waste water. 

The main results are presented in graph form, displaying the data gathered from sampling 

points. The interval time of sampling is freely adjustable, and in this study, it was possible 

to set as low as 5 minutes. There is a broad variation in the data depending on the sampling 

point, and in some cases the behaviour of the parameters was unexpected. Waters were also 

laboratory tested for a variety of parameters. Laboratory analysis results are briefly discussed 

against observed behaviour and anticipated water composition. 

Study demonstrated that Optoseven FSA-CT1000 can easily be used for short-term, project-

type water monitoring for diverse types of waters. This analyser is a powerful online tool for 

monitoring different parameters simultaneously, revealing the behaviour of the water in 

question. 
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Työn tavoitteena oli testata Optoseven FSA-CT1000 UV COD and Turbidity Liquid 

Analyser -laitteen soveltuvuutta erilaisille vesille käytännössä. Mitatut parametrit olivat 

veden kemiallinen hapenkulutus (Chemical Oxygen Demand, COD) ja sameus. COD:n 

online-mittaus UV-Vis -spektrometrialla on menetelmänä uusi, ja sen tuottaman 

mittaustiedon laatu riippuu vahvasti kalibroinnista. Laitteen kalibrointi perustuu 

manuaaliseen näytteenottoon ja näytteiden laboratoriotuloksiin, joten manuaalinen 

näytteenotto vaikuttaa tulosten oikeellisuuteen. Laitteessa on myös sisäänrakennettu 

kalibrointi, jossa näyteputken puhtautta mitataan taustanesteen kanssa. Tässä tutkimuksessa 

taustaneste toimi myös laitteen puhdistusaineena. Oikean taustanesteen/puhdistusaineen 

valinta osoittautui haastavaksi osassa tutkimuskohteista.  

Kolmesta kohteesta sekä yhdestä niitä edeltävästä testikohteesta kerättiin tietoa yhteensä 

yhdeksästä näytepisteestä. Tarkkaillut vedet vaihtelivat puhtaudeltaan hanavedestä 

puhdistamattomaan jäteveteen. Näytepisteistä kerätty mittausaineisto on esitetty kuvina. 

Näytteenoton aikaväli on vapaasti säädettävissä, ja tässä tutkimuksessa se oli mahdollista 

asettaa alimmillaan 5 minuuttiin. Mittausaineistossa on laajaa vaihtelua riippuen 

näytteenottopisteestä, ja joissain tapauksissa parametrit käyttäytyivät odottamattomasti. 

Vesistä testattiin myös laaja näytepaketti laboratoriossa. Laboratoriotuloksia ja tarkkailun 

tuloksia verrataan lyhyesti mittauspaikasta odotettuun veden koostumukseen. 

Tutkimus osoittaa, että Optoseven FSA-CT1000 on käyttökelpoinen lyhytaikaisessa, 

projektimuotoisessa vesien tarkkailussa ja soveltuu hyvin erilaisille vesille. Analysaattori on 

vakuuttava työkalu online-mittauksiin, ja sillä voi tarkkailla useita eri parametreja 

samanaikaisesti. Valitun parametrin käyttäytymistä voi seurata lähes reaaliajassa. 
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Greek characters 

 ̀ electrical conductivity of water, EC [S/m, mS/m, ɛS/cm] 

 

Abbreviations 

BAT Best Available Techniques reference 

BOD Biochemical Oxygen Demand [mg/L] 

BOD5 5-day Biochemical Oxygen Demand [mg/L] 

BOD7 7-day Biochemical Oxygen Demand [mg/L] 

COD Chemical Oxygen Demand [mg/L] 

CODCr COD dichromate method [mg/L] 

CODMn COD potassium permanganate method [mg/L] 

DAF Dissolved Air Flotation 

DO Dissolved Oxygen [mg/L] 

FAU Formazin Attenuation Unit 

FNU Formazin Nephelometric Unit 

FTU Formazin turbidity unit 

ISO the International Organization for Standardization 

NTU Nephelometric Turbidity Unit 

SFS Finnish Standard Association SFS 

TDS Total Dissolved Solids 

TOC Total Organic Carbon [mg/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 competence (FINAS 2023) 

Coagulant Chemical added to suspension to effect destabilisation by reducing the 

electrical double layer repulsion between particles (Tarleton & Wakeman 

2007, 129) 

Flocculant Chemical added to suspension to accelerate the particle agglomeration into 

flocs and to strengthen the flocs (Tarleton & Wakeman 2007, 129) 

Fresh water Water salinity is below 0.5 ă (Vesihallitus 1976, 106) 

Standard Publication of agreed requirement(s), recommendation(s), or 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 world. The number of people living in water-stressed countries, forced to use 

contaminated water for drinking water and suffer from waterborne diseases, is nowadays 

measured in billions (World Health Organization 2023). Water used daily on Earth is 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 water, of which 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 relative, as it is dependent on circumstances, such as local consumption 

needs or the amount of good quality water available (United Nations Water 2024a). 

Industrial processes use raw water, and by recycling used water, the intake of raw water can 

be reduced, which also leads to lower costs and waste water minimization over time (Klemeġ 

2012). This affects the availability of water. In Best Available Techniques (BAT) reference 

document for common waste water by European Commission, minimising fresh water 

consumption by reuse is mentioned (Brinkman, Santonja, Yükseler, Roudier & Sancho 2016, 

152). Reuse of water decreases water discharge, and with reuse, less water is classified as a 

waste, but resource to fresh water. According to Meneses, Stratton & Flores (2017, 7), one 

of the biggest barriers in water recycling in food industry is the consumersô perception about 

increasing food safety risk. Consequently, in order to reuse and recycle water, treatment and 

thorough monitoring is needed. The need for online water analysing with new parameters 

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

Water usability can be evaluated by several quality factors, one of which is chemical oxygen 

demand (COD). COD can reflect the general amount of pollution in the water in question 

(Kemp 1998, 64), so if only one quality factor can be determined, COD is a good choice. 

When COD is determined under standardised methods in laboratory, it consumes time, uses 

hazardous material, and produces toxic waste (SFS 5504:1988; SFS 3036:1981). Using an 

online COD analyser reduces the analysing time (Chen, 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 calibration of the analyser and routine verification 
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might still be needed by laboratory analyses (Shi, Chow, Fabris, Liu & Jin 2022, 6). When 

COD as a parameter can be monitored continuously online, for example water purification 

efficiency can be examined over a process unit. In addition, with online monitoring, 

previously unknown periodic changes in water quality can be detected. 

Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser measures COD optically 

by UV-absorbance correlation at defined wavelength (Optoseven Oy 2024a). The aim of this 

thesis was to find out, how Optoseven FSA-CT1000 applies for short-term, project-type 

analysing for different types of waters. This increases the knowledge 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 background of water quality monitoring, and the 

parameters commonly used for it. Second part is the experimental work with the Optoseven 

FSA-CT1000 in three different locations with eight different waters, preceded by a short pre-

trial period with tap water. Waters were monitored with Optoseven FSA-CT1000 for 

different time periods and 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 findings of the experimental work and some of the results 

are compared with theory. 

In this thesis, the referenced standards are limited 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 parameters. According to United Nations 

Environmental Programme, UNEP (United Nations 2023) there are five core parameters to 

ambient water quality: dissolved oxygen (DO), electrical conductivity (EC, ů), 

nitrogen/nitrate (N/NO3
-), phosphorus (P), and pH. With these indicators water bodies can 

be classified to be in ñgoodò level, if by national standards the measured values meet targets 

by 80 % or more of the time (United Nations Water 2024b). 

In addition to these mentioned core parameters, both water properties and parameters used 

to describe waters vary. Depending on the purpose of monitoring or the use of the water, 

measured and monitored parameters can be from total dissolved solids (TDS) to metals to 

radiation. For example safe potable water and boiler feedwater have different requirements; 

the former does not represent any significant risk to health over a lifetime of consumption 

(World Health Organization 2011, 1), for the latter for example total hardness (Ca + Mg) at 

its strictest, must be below 0.005 mmol/L, to reduce for example the risk of sludge 

precipitation (SFS-EN 12952-12:2003, 4, 7). In general, water properties affect water 

quality. Water properties can be divided into physical, chemical, and biological parameters. 

Appendix 1 presents common parameters divided into these three categories. 

Appearance of drinking water should be acceptable for the consumer, and if water appears 

to be discoloured, dirty, smelly or with unpleasant taste, it can be evaluated as suspicious by 

the consumer, even if it were not of direct consequence to health (World Health Organization 

2011, 7, 8, 219). Commonly used words in non-scientific sources to describe potable water 

can be for example odourless, tasteless, fresh, good, and pleasant to drink. UNEP (United 

Nations 2023) gives four types for water quality: potable 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 

water can not be used for human consumption (Hassan Omer 2020, 1 ï 2). 

Water used and discharged from homes, commercial and industrial premises, is liquid waste, 

and is described as waste water (Sperling 2007, 4; World Health Organization 2017, 2). 

Nowadays waste water, or other once used water can be source of potable water, but it needs 

to be purified to satisfactory level to be used again. The term of ñpotable reuseò means 
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producing drinking water from waste water but is challenging as the municipal waste water 

usually has a very poor microbial quality, therefore sufficient advanced treatment processes 

are needed (World Health Organization 2017, 2 ï 3). 

2.1  Water quality monitoring 

The monitoring of potable water is aimed to ensure that water is not causing any problem to 

health, and the monitoring of waste water discharge is aimed to ensure that water is not 

causing problems to the environment the water is discharged to. Sampling and analysing can 

be performed on-site, online and laboratory. For example, manual temperature measurement 

at the scene is on-site 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 in Annex I ï III of 

Decree 1352/2015 (Sosiaali- ja terveysministeriön asetus talousveden laadusta ja 

valvonnasta sekä rakennusten vesilaitteistojen riskienhallinnasta) which is issued pursuant 

to Act 763/1994 (Terveydensuojelulaki), and takes into account the requirements of 

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 discussed about potable 

water in general. Annex I ï III of Decree 1352/2015 (Sosiaali- ja terveysministeriön asetus 

talousveden laadusta ja valvonnasta sekä rakennusten vesilaitteistojen riskienhallinnasta) 

contains, for example, maximum values for certain microbiological and chemical 

parameters, requirements for sampling, definitions for continuous monitoring of quality 

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

Environmental permit in Finland can require waste water quality monitoring for discharged 

water (Ympäristönsuojelulaki 527/2014). Parameters required can vary and their limits may 

differ according to the waterway they are discharged; only the most important substances 

are listed in Annex 1 of Decree 713/2014 (Valtioneuvoston asetus ympäristönsuojelusta). 

This is to prevent spoiling and polluting waterways and waterbodies. 
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Usually, sampling is done due to a designed plan, where frequency of sampling, parameters 

analysed, personnel involved, and sampling sites are described in detail (SFS-EN ISO 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 on (SFS-EN ISO 5667-1:2023, 

chapter 7). To ensure the quality of continuous measurement activity, Finnish Environment 

Institute have published a quality manual for continuous water quality measurements 

(Tattari, Tarvainen, Kallio, Lepistö, Näykki, Raateoja & Seppälä 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 (SFS-EN ISO 5667-1:2023). Most common types of 

water samples are listed in the Appendix 2. 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 planning, sampling is of high quality and can be repeated if 

necessary. Part of the sampling program is quality control sampling, and for example 

according to Finnish Environment Institute (Suomen ympäristökeskus 2017) 5 ï 10 % of all 

samples collected in ground water monitoring should be quality control samples or field 

blanks. 

Sample is representative normally only for the time and place it is collected and represents 

the quality of water only mentioned exact point of water flow and time (SFS-EN ISO 5667-

1:2023, 25) and is called spot sample. Therefore, if 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 into a larger composite sample, which provides 

the average compositional data (SFS-EN ISO 5667-1:2023, 25, 26). 

When planning and performing sampling, errors must be taken into account (SFS-EN ISO 

5667-1:2023, 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 place, sample 

identification or labelling fails, contamination of samples, and opposite to representative 

sample, a non-representative sample which is unusable for collection of information. 
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2.2  Water quality parameters 

As discussed, measured parameters regarding water quality are important. In this chapter, 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 have an impact to the quality of water, as temperature affects 

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

Electrical conductivity  (EC, ů) as parameter is the water ability to conduct electrical 

current, and as the electrical current is carried by ions, parameter is indirect measure of ions 

in solutions (Hassan Omer 2020, 6). Electrical conductivity is measured in siemens per meter 

S/m with SI-units and can be also expressed in millisiemens per meter mS/m or 

microsiemens per centimetre ɛS/cm (SFS-EN 27888:1993, 3). 

Turbidity  in water is the result 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, 108). It is the measurement of clarity i.e. transparency 

(YSI 2023) put in scale to be compared with other results of turbidity. Turbidity affects 

heavily disinfection if done with UV-light, as light can not penetrate water if it is absorbed 

by solids in water, therefore turbidity must be removed if water is treated with UV-light 

(Sperling 2007, 216). Turbidity is measured in nephelometric turbidity units (NTU) or 

equivalent formazin nephelometric units (FNU), and formazin attenuation units (FAU) 

(SFS-EN ISO 7027-1:2016) and the scale is from around zero up for FNU (SFS-EN ISO 

7027-1:2016, 10). In Finland, potable water leaving from surface water originated water 

treatment facility, turbidity should not exceed 1 NTU (Valvira 2024, 39). 

Solids in water are dissolved, colloidal, or suspended, of which dissolved solids pass through 

filters, when colloidal are more coarse but still uniformly dispersed to solution, and 

suspended can partly be classified as settleable solids as they can settle down in standing 

water (Droste 1997, 106 ï107). Solids relations are presented in Figure 1. Total solids (TS) 

are all solid matter in a sample, suspended solids (TSS) are matter retained to filter and are 

determined by weighing the filter after drying, dissolved solids (TDS) pass filter and can be 

determined either evaporating the water from filtrate or calculating TS-TSS=TDS if TS is 

determined by evaporating water from sample (Hassan Omer 2020, 4 ï 5). 
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Figure 1. Solids relations in water solutions (Hassan Omer 2020, 4 ï 5). 

 

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 colour can be dye, originated from 

textile industry and highly toxic to both aquatic life and human health (Al -Tohamy, 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 a base, varies between 

0 ï14, is determined in 25 °C (Table 1), can have effect to solubility of heavy metals, most 

aquatic animals have preferred pH by species, and very high or low pH is fatal to most of 

the fish species (Hassan Omer 2020, 6 ï 7). 

 

Table 1. pH of water at 25 °C (Hassan Omer 2020, 6 ï 7). 

pH < 7 Acidic 

pH = 7 Neutral 

pH > 7 Alkaline 

 

Alkalinity  is the acid-neutralising 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 to selected pH 

level, and can be caused for example by carbon dioxide, sulphates, or mineral acids (Hassan 

Omer 2020, 8). 

Total organic carbon (TOC) is a direct measure for organic carbon i.e. carbonaceous 

organic matter in sample and it is determined by converting the organic carbon into carbon 

dioxide with help of catalyst and heat (Droste 1997, 126; Sperling 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 matter as well as 

indirect determination (Sperling 2007, 31, 40) and it can be used as indication of pollution 

level as it is the amount of oxygen consumed by the sample (Kemp 1998, 64). COD is 

measured in mg/L and can be referred to as potassium dichromate CODCr or potassium 

permanganate CODMn according to the method used (SFS 5504:1988, SFS 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 available to the aquatic life. 

Biochemical oxygen demand (BOD) is the quantity of oxygen consumption, through 

biochemical processes by microbes, which is required to stabilize the organic matter, thus it 

is an indirect definition of biodegradable organic matter and indirect determination 

procedure (Sperling 2007, 31, 36). BOD is measured in mg/L, and number of days it is 

measured for is marked in subscript, as BOD5 or BOD7 which are the most used ones (SFS-

EN 1899-2:1998). If the BOD level exceeds the levels of oxygen available in the water, it 

will affect aquatic life as oxygen depletion occurs when microbial activity uses all oxygen 

from water when decomposing the organic matter (Kemp 1998, 43). 

Dissolved oxygen (DO) is a key test for water pollution level, and as oxygen is 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 bodies is (Hassan Omer 2020, 

11). Though, dissolved oxygen in water can have negative effect, as it increases the rate of 

some corrosion reactions (Droste 1997, 51) and according to SFS-EN 12952-12 (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 measurement, the recommended dissolved oxygen 

level is highly dependent on the intended use of the water. 
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Nitrogen (N) exists in four different forms in water: organic (Norg), ammonia (NH3), nitrite 

(NO2
-), and nitrate (NO3

-), of which high levels of ammonia may be a sign of contamination 

with sewage and nitrate can act as a source 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
3-) is one of the inorganic phosphorus forms and directly available for use 

in biological metabolism, which makes it essential ingredient of biological waste water 

treatment process and eutrophicating agent in discharged waste water (Sperling 2007, 46 ï 

47). 

Chloride (Cl-) 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 

amounts cause health problems (Hassan Omer 2020, 9). 

Sulphate ions (SO4
2-) occur naturally in waters and are no significant danger to health but 

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

Heavy metals in 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 water as quality factor is heavily dependent on purpose; in biological 

waste water treatment microbes are used to purify the water, in drinking water they cause 

water-related diseases (Sperling 2007, 32, 47). 

Relationship between the parameters TOC, COD and BOD in water is, that the BOD is 

part of COD, which again is part of TOC (Davies, 2005, 4) (Figure 2). 
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Figure 2. Relations of TOC, COD, and BOD (Davies 2005, 4). 

 

This relationship can determine how biologically treatable waste water is, and ratio 

COD/BOD can be used to review it. Biodegradability of waste waters according to Sperling 

(2007, 40) can be divided to three stages, where low COD/BOD5 ratio indicates good 

response to biological treatment, intermediate COD/BOD5 ratio needs more study to 

determine how biologically treatable the water is, and high COD/BOD5 ratio indicates the 

presence of biologically inert fraction in water, hence probably indicating the need for 

physico-chemical treatment over biological (Table 2). 

 

Table 2. Biodegradability of waste waters, ratio of COD/BOD5 (Sperling 2007, 40). 

Low COD/BOD5 Intermediate COD/BOD5 High COD/BOD5 

< 2.5 or 3 between 2.5 and 4 > 3.5 or 4 

The biodegradable fraction 

is high 

The inert (non-

biodegradable) fraction is 

not high 

The inert (non-

biodegradable) fraction is 

high 

Good indication for 

biological treatment 

Treatability studies to 

verify feasibility of 

biological treatment 

Possible indication for 

physicalïchemical 

treatment 
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The ratio of COD/BOD5 varies depending on the source; in 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 BOD5/COD, which needs to be turned over if wanted to put 

to scale with COD/BOD5 ratio, or other way round. For example, Davies (2005, 4) gives 

BOD5/COD ratio 0.5 ï 0.6 to domestic sewage. 

2.3  Chemical Oxygen Demand (COD) measurement methods 

In order to measure and compare chemical oxygen demand (COD) of a water sample with 

others, standardised methods are needed. In Finland standards used can be national standards 

provided by Finnish Standard Association SFS and international standards provided by the 

International Organization for Standardization (ISO) or SFS. 

COD is measured in specified conditions defined in standards, where the dissolved and 

suspended matter oxidized by potassium dichromate (K2Cr2O7) and sulphuric acid (H2SO4) 

for CODCr or potassium permanganate (KMnO4) and sulphuric acid (H2SO4) for CODMn 

leaves residues of oxidant, of which amount is then determined by titration and then 

calculations are done to indicate the amount of oxygen needed to oxidize the sample (SFS 

5504:1988, 1; SFS 3036:1981, 2). When CODCr analyses is done according to the standard 

SFS 5504 (1988, 3ï4), it produces toxic waste containing mercury (Hg) which needs to be 

handled accordingly, and from other used substances, potassium dichromate (K2Cr2O7) and 

sulphuric acid (H2SO4) are hazardous. CODMn analysis, according standard SFS 3036 

(1981), does not produce toxic waste, but process uses sulphuric acid (H2SO4), and 

potassium permanganate (KMnO4) as a substance itself is oxidizer, harmful if swallowed, 

causes skin burns and eye damage, and is very toxic to aquatic life (International Labour 

Organization ILO 2023). CODMn is usable for slightly contaminated waters and CODCr is 

usable for heavily contaminated waters (Aguilar Torrej·n, Balderas Hern§ndez, 

Roa Morales, Barrera D²az, Rodr²guez Torres & Torres Blancas 2023, 3). 

Aguilar Torrej·n et al. (2023) refer to several articles from years 2009 to 2020, which have 

studied the possibilities of improving standard protocols or developed new techniques for 

measuring COD. In COD determination improvement is needed, because although 
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standardised methods are reliable and reproducible, they use toxic reagents and e.g. volatile 

compounds can be incompletely oxidized (Aguilar Torrej·n et al. 2023, 3). For improving 

the standardised method of determining COD methods can be scaling the standardised 

method, switching the oxidizer to less toxic, usage of advanced oxidation processes like 

photocatalysis and Fenton reaction, usage of fluorescence with photodiode detectors, 

electrochemical sensors, and thermal biosensors, but some of these require approximation 

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

polluted waters (Aguilar Torrej·n et al. 2023, 3 ï 5). 

2.3.1  UV-Vis spectroscopy in chemical oxygen demand determination 

One of the advanced methods for COD determination is ultraviolet-visible (UV-Vis) 

spectroscopy, where light absorbance is used to calculate the COD in water (Wang, Li & 

Huang 2019). This is based on Lambert-Beerôs law, which states that when path length of 

the light beam is constant, the concentration of the analyte is proportional with the 

absorbance of light used (Wang et al. 2019, 1). UV-Vis method can use one single 

wavelength to determine concentration, but in COD measurements the interference of 

turbidity factor have been an issue to resolve (Wang et al. 2019, 1), and recently  the method 

itself has been evolved from single wavelength measurements to dual wavelength 

measurements to full spectrum measurements (Chen et al. 2021, 877). With single 

wavelength sensors can only provide rough surrogate measurement of organic content 

without accurate particle compensation (Shi et al. 2022, 4). To eliminate the impact of 

turbidity and to widen the measurable concentration range in UV-Vis spectroscopy COD 

analyses more than one wavelength absorbance must be measured and taken into account in 

calculations (Wang et al. 2019, 1 ï 2). The accuracy of common commercially available 

UV-Vis instruments according to Shi et al. (2022, 5: Table 1) vary from ±0.01 % to ±5 % 

depending on measured parameter and instrument, of which the CODeq with ProPS-UV 

Photometer by Trios GmbH being the ±0.01 % mg/L. 

Wang et al. (2019) studied full-spectrum data for UV absorption, and found out optimal 

calibration wavelengths to be 235 nm, 265, and 296 nm, of which the 296 nm wavelength to 

have seemingly almost linear absorbance for used standard solution of COD with all the 

concentrations from 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 wavelengths could cover COD concentration 

1 ï 1000 mg/L (Wang et al. 2019, 5; Fig. 4). 

In COD determination the UV wavelength can vary from 200 nm to 750 nm (Shi et al. 2022, 

5: Table 1, 7: Table 2; Wang et al. 2019, 1), from which 254 nm is the most used single 

wavelength 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 al. 2022, 4). 

Other variation in UV-Vis spectroscopy instrument parameters for analyses can be for 

example light path length, varying from 0.5 to 100 mm, 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 water (Shi et al. 

2022, 15). Path length has also significant influence on the UV-Vis instrument sensitivity, 

with the sensitivity increasing as the path length increases (Shi et al. 2022, 14 ï 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 UV-Vis spectroscopy are no need of sample pretreatment, fast 

operation, online determination leading to rapid anomalies detection and event capture 

allowing quicker responses, reagent-free operations, and low operational costs compared to 

standard laboratory analysis (Chen et al. 2021, 1; Shi et al. 2022, 1, 9). 

Challenges of UV-Vis spectroscopy are possible need of site-specific calibrations for waters 

with complex matrix, re-calibration in cases of significant changes in the compositions of 

water, need of turbidity compensation, detection difficulty, and data storage and processing 

(Wang et al. 2019, 1; Shi et al. 2022, 4, 5, 15). 

Shi et al. (2022, 10, 16) notes that still the most of the UV-Vis 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 needed when instruments are 

operated for new sites. The novel nature of the UV-Vis spectroscopy in COD measurement 

appears for example in Finnish Environment Institute manual ñLaatukäsikirja 

jatkuvatoimisille vedenlaadun mittauksille | Opas hyviksi käytännöiksi ï Guidelines for 

Continuous Water quality measurements | Guide for good practicesò (Tattari et al. 2019), 
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which does not mention chemical oxygen demand as a parameter able to be monitored 

online. 

2.3.2  Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser 

Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser is manufactured by 

Finnish commercial company Optoseven Oy. Analyser is designed to measure multiple 

parameters, and it can monitor several points of process displaying up to four parameters 

simultaneously (Optoseven Oy 2024b). 

In this thesis, Optoseven FSA-CT1000 is used to monitor chemical oxygen demand and 

turbidity. UV absorbance is measured with wavelength 254 nm and converted to COD 

results by the analyser, and turbidity is measured by nephelometric scattering with light 

wavelength 850 nm (Optoseven Oy 2024a). Also, other wavelengths are possible to use for 

UV absorbance, and especially for more turbid waters vis-absorbance compensated UV-

absorbance is used (Makkonen 2023). Analyser is fully automated and uses its own 

background liquid/cleaning agent sequence in defined intervals for cleaning which means it 

does not need manual cleaning, has its own zero calibration adjustment with cleaning agent, 

can be controlled manually, automatic or remote, can be attached to process control systems, 

can be customised to meet different needs, and it can monitor waters from well-purified to 

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

Optoseven FSA-CT1000 calibration to the certain water is done with calibration samples, 

which are analysed both with the Optoseven FSA-CT1000 and in laboratory with 

standardised methods (Optoseven Oy 2023). Calibration coefficient is then calculated 

according to the 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 each other, and trendline amongst them is calculated, which then gives the 

coefficient. Calibration coefficient is then changed in analyser settings; otherwise it gives 

values, which need to be calibrated afterwards. For short monitoring periods of only a few 

days, it may work better that results are calibrated afterwards, and for longer than a week or 

two monitoring periods, it 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 CODCr or CODMn. 

Optoseven FSA-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, the whole line 

must be secured with protection tube. Figure 3 presents the sampling installation with 

protective tube covering the sample tube. With a different configuration of an FSA-CT1000 

samples can also be taken from a pressurised line. 

 

 

Figure 3. Optoseven FSA-CT1000 sample tube setting with protective tube (Optoseven Oy 

2022). 

 

Sampling sequence can be modified according to the needs for sampling. For example, if 

contaminating the monitored water were a problem, sequence can be tailored not to clear the 

sample line with compressed air after sampling. As the Optoseven FSA-CT1000 is originally 

designed for contaminated waters, where contamination with analyserôs cleaning agent 

would not be a problem, default settings include sample tube clearing backwards before and 

after every sampling. Compressed air for it can be produced by compressor 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 compressed air will not 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 automatic sampling it starts 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 most cases the citric acid 

and lye solutions work well for ordinary waste waters. According to observations by 

Optoseven Oy personnel, citric acid works well with calcareous matter and flocculants, and 

lye works well for biological dirt (Nieminen 2023). With background liquid/cleaning agent 

the overall cleanliness of the sample cell is measured for 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 solutions. For example, very low 

concentrations may require ion-exchanged water for background liquid and more effective 

cleaning solution to keep the sample cell clean. 

Optoseven FSA-CT1000 has analogue 4 ï 20 mA output for remote and process control use 

(Optoseven Oy 2024a), so it can be adapted to a part of a process control system. 

Nevertheless, this option is not 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 online COD and turbidity data obtained with Optoseven FSA-CT1000 UV COD 

and Turbidity Liquid Analyser. Waters were monitored for periods from two days to three 

weeks to recognise patterns and possible anomalies, and sufficient amount of laboratory 

samples were collected to understand the behaviour of the waters. In every trial, data were 

collected before and after a process or process unit, to allow the comparison between influent 

and effluent. The study aimed to a broad range of water qualities and ended up in analysing 

municipal waste water, highly variable waste water from a fish farm and natural water from 

a humus-rich lake. 

Data collection time was 13.6. ï 30.8.2023 in four separate locations, which are explained 

in more detail in the following chapters 3.1 ï 3.4 while the results of the trial periods are 

presented in chapter 4. In Appendix 3 all samples taken and analysed with Optoseven FSA-

CT1000 are presented in numerical order with overall description. 

Operational settings of the Optoseven FSA-CT1000 include sampling intervals and 

background/cleaning measurement intervals. Pre-set operational setting for these were not 

changed at the beginning to get to know the analyser function better. Different operational 

settings per trial period are reported in the 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. All background/cleaning liquids used in this 

study are presented in Appendix 5. Other settings of the analyser, like the wavelength of the 

UV-light, and the length of the sample tube were not changed during the study. The 

wavelength was 254 nm, which is the default setting of the analyser. The length of the sample 

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

Figure in Appendix 6 presents the Optoseven FSA-CT1000 in transfer condition with power 

wire, tubes and hoses rolled up and attached to analyserôs stand for easier handling. 
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3.1  Pre-trial period 0 with tap water 13. ï 19.6.2023 

In this thesis, pre-trial period is referred as pre-trial period 0 (zero). 

Optoseven FSA-CT1000 was delivered 13.6.2023, fully functional and attached to a stand 

for the easier moving and usage, to Teollisuuden Vesi Oy office in Mäntsälä. Brief 

introduction of analyser and its functions was given, and a few sampling and background-

programs were run to demonstrate the operations of the analyser, and to ensure the 

functionality of the sequences. Commercial battery water was used as background liquid. 

Samples 1 ï 5 with analyser were recorded as test samples. 

Optoseven FSA-CT1000 was installed to collect samples from water tap in Teollisuuden 

Vesi Oy test hall. Tap water in Mäntsälä is provided by Nivos Vesi ja Lämpö Oy. Figure 4 

presents the sampling layout for this test period. 

 

 

Figure 4. Sampling layout in tap water pre-trial period 0 in test hall. Sample is collected from 

bended hose attached to tap. 

 



28 

 

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 from there into the drain. The 

discharge hose of Optoseven FSA-CT1000 was 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 6 was the first actual sample during the test hall pre-trial period, and the first 

calibration sample was taken at the same time manually. Sampling interval time was pre-set 

to 30 minutes, and background interval time was pre-set to six hours. These settings were 

valid for the pre-trial period, so they were left as they were. Commercial battery water proved 

to be suitable background liquid for this pre-trial period. 

Two manual spot samples were collected for calibration. 

3.2  Trial period 1 at waste water treatment plant 19.6. ï 4.7.2023 

Nivos is the commercial energy, internet, water, and heat service provider in Mäntsälä. Nivos 

Vesi ja Lämpö Oy is the water and heat services provider, and the trial period was carried 

out in their Kirkonkylä municipal waste water treatment plant (WWTP) in Mäntsälä. Trial 

period was 19.6. ï 4.7.2023, divided into two parts: 19. ï 26.6.2023 and 26.6. ï 4.7.2023, in 

which the monitored water flows were the WWTP process discharged effluent and the 

influent to biological treatment process, respectively. 

In Nivos Kirkonkylä WWTP, the treatment process includes mechanical, chemical, 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 tanks, secondary clarifiers, and sludge recycling. After secondary 

clarifiers, water is treated with two disc filters in tertiary treatment. Nivos WWTP process 

uses two chemicals; ferric chloride is added before secondary clarifier and polyaluminum 

chloride is added to return sludge from secondary clarifier to aeration. Lime is added to line 

from primary clarifier to aeration for pH adjustment. 

The sampling and analysis took place in two separate points in the treatment system. Figure 

5 presents the Nivos WWTP process, and the sampling points are marked with red crosses. 
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Figure 5. Nivos Kirkonkylä WWTP process graph in trial period 1. 

 

The sampling points were 

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

Nivosô own automated sampling. This trial period point is later referred to as trial 

period 1.1. 

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

into two lines for biological treatment, from the same spot than Nivosô own 

automated sampling. This trial period point is later referred to as trial period 1.2. 

 

For the discharged effluent flow monitoring in trial period 1.1, Optoseven FSA-CT1000 was 

placed near the open discharge canal inside the building where the tertiary treatment is 

located. In Figure 6, Optoseven FSA-CT1000 is shown monitoring Nivos WWTP effluent, 

blue arrow pointing to the plastic protection tube of the sample tube. Analyserôs discharge 

hose was led to the same open channel. For this trial period 1.1, sampling interval time was 

30 minutes, and background interval was six hours. Citric acid was used as the background 

liquid. From WWTP discharge water, three calibration samples, one composite sample for 

the water quality test, and two parallel characterisation samples were collected. 
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Figure 6. Optoseven FSA-CT1000 monitoring Nivos WWTP effluent on trial period 1.1. 

 

For monitoring the pretreated water flow to biological treatment in trial period 1.2, 

Optoseven FSA-CT1000 was placed inside the building locating between aeration units and 

secondary clarifiers. The sample tube was conducted through the wall and installed inside 

the plastic protection tube. The location of the sampling point in front of the building is 

presented in Figure 7, where green arrow points to the location of sample tube (left) and to 

the sample tube (right), and blue arrow points to the plastic protection tube of the sample 

tube. Analyserôs discharge hose was led to return sludge pipe inside the building. Sampling 

interval time was 30 minutes, and background interval was six hours. Trial period was started 

with citric acid as the background liquid, but it had to be changed to lye for more efficient 

cleaning of the analyser. At the same point, the background interval was changed to three 

hours. 
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Figure 7. Sampling point in trial period 1.2. Pretreated wastewater before biological 

treatment, sample tube installed to water canal. 

 

From water flow to biological treatment, three valid and one unusable calibration samples, 

one composite sample for the water quality test, and two parallel characterisation samples 

were collected. 

Optoseven FSA-CT1000 cleaning after trial period 1 at Nivos WWTP 

Optoseven FSA-CT1000 was soiled during the second trial in Nivos, and therefore needed 

thorough cleaning. Cleaning was carried out in the Teollisuuden Vesi Oy office test hall and 

included 24 separate background measurements with RO water, lye, and citric acid to clean 

efficiently both the sample line and the sample cell. 

3.3  Trial period 2 at a fish farm waste water treatment 6.7. ï 10.8.2023 

The fish farm is located in Southern Finland on dry land and serves to produce fish for further 

growing. Trial period was 6.7. ï 10.8.2023, divided into three parts: 6. ï 25.7.2023, 25.7. ï 

4.8.2023, and 4. ï 10.8.2023, in which the monitored water flows in waste 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 biological water treatment system for recirculating process water in fish 

tanks, and part of the process water is continuously replaced with fresh water. More soiled 

waste water is called sludge water, and it consist of the sludge from the biological treatment 

process and manually removed fish faeces and fish feed from sludge cones in fish tanks. 

Outgoing process water and sludge water are treated with flotation and lamella filtration in 

waste water treatment process. Formed sludge is handled in filter belt press. In flotation 

process part, large volumes of relatively clean outgoing process water are treated, and on a 

daily level, varying amounts of sludge water are treated alongside. 

The waste water treatment process consists of four separate process units, namely lamella 

filter, mixer tank followed by flotation, and filter belt press. Figure 8 presents these process 

units and their relationship to each other. Water is pumped from two separate collection 

tanks to the process. The bigger collection tank contains mentioned outgoing process water, 

and smaller tank contains mentioned sludge water. 

Collected outgoing process water is pumped to the mixer tank containing both fast and slow 

mixing, and from there on into flotation. Effluent from flotation is passed on to nitrogen 

removal outside the building. Part of the effluent is used to make dispersion water to 

flotation, and effluent can also be used as washing water for the filter bed press. Collected 

sludge water is pumped to the lamella filter, from where effluent is directed to outgoing 

process water collection tank. Sludge from the lamella filter and the flotation is collected to 

a tank, from where it is pumped to filter belt press. Filter belt press dries the sludge which is 

collected to interchangeable container to be moved to further treatment. Reject water from 

filter bet press is returned back to sludge water collection tank. When the level of sludge 

water rises to pre-set height, excessive 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 impurities to be removed 

into the surface sludge. 
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Figure 8. Fish farm waste water treatment process graph in trial period 2. 

 

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

flotation influent with added chemicals, are market with red crosses to Figure 9, where 

mixing tank and flotation units are presented in more details.  

 

 

Figure 9. Fish farm waste water treatment process graph for mixing and flotation process 

unit in trial period 2. 
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The sampling points were 

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

part. This trial period point is later referred to as trial period 2.1. 

2. From pipeline leading to mixing tank. This trial period point is later referred to as 

trial period 2.2. 

3. From mixing tank. This trial period point is later referred to as trial period 2.3. 

 

For the trial period 2.1 flotation effluent flow monitoring, Optoseven FSA-CT1000 was 

installed near the flotation unit end, and sample tube was guided with a plastic protection 

tube close to the sample spot. Figures in details are presented in Appendix 7, Figures 1 ï 2. 

Flotation effluent trial period 2.1 was started with 30 minutes sampling interval time, six 

hours background interval time, and citric acid as background liquid. Citric acid was 

selected, as the earlier measurements from flotation effluent showed COD-levels suitable for 

citric acid as background liquid. Hence it was assumed that analyser sample cell needed 

cleaning, but it turned out that the effluent was cleaner than citric acid, which hence was not 

a suitable background liquid for this water. A cleaner background liquid, namely RO water 

was put to use on the following day and used for the rest of the trial period 2.1 effluent 

monitoring; sampling interval and background interval were not changed. 

For the trial period 2.2 monitoring for the flotation influent without chemicals, the analyser 

was installed close to the mixing tank. To obtain the sample from water flow without 

chemicals, overflow can installation was used for sampling in this sample point. Figures in 

details are presented in Appendix 7 Figures 3 ï 4. 

The trial period 2.2 for flotation influent without chemicals was started with 30 minutes 

sampling interval time, three hours background interval time, and with RO water as the 

background liquid. These were selected due to a low effluent COD level, which led to the 

assumption that the COD level in influent would at least occasionally also be low. To prevent 

the soiling of sample cell, background interval was set shorter, i.e. to three hours. After three 

days, sampling interval was set shorter, to 20 minutes, and three days after that, interval was 

set to five minutes, to better capture the COD spikes. Background interval was kept in three 

hours, which worked well for the whole period. 
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For the trial period 2.3 monitoring for the flotation influent with chemicals, the analyser was 

not moved from the previous position, but the sample tube was led straight to the mixing 

tank. Figure in details is presented in Appendix 7 Figure 5. 

The trial period 2.3 for flotation influent with chemicals was started with five minutes 

sampling interval time, three hours background interval time, and with citric acid as the 

background liquid. Citric acid was selected, as 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 flowing due to biofilm growth in the 

background liquid, clogging the tube. The tube was cleaned, and the next day new citric acid 

was changed to replace the contaminated. 

For the whole trial period 2 in the fish farm, 18 calibration samples, four samples for the 

water quality test, eight reduction series samples, six characterisation samples in three 

parallel pairs, two samples from citric acid, and one unused reference sample were collected. 

3.4  Trial period 3 at a nanofiltration pilot 15.8. ï 30.8.2023 

In trial period 3, waters from pilot-scale nanofiltration project were monitored. The pilot 

project was started before the start of the trial period and continued after the trial period. 

Trial period was 15. ï 30.8.2023, divided into three parts: 15. ï 22.8.2023, 22. ï 28.8.2023, 

and 28. ï 30.8.2023, in which the monitored water flows were nanofiltration pilot permeate, 

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

Nanofiltration pilot process was installed to a movable container and was attached to 

industrial water provider influent water. Influent water was pretreated, humus-rich lake 

water. Pretreatment included harsh screening and 1 mm coarse sieve before the water entered 

the treatment plant and the nanofiltration pilot. 

Crudely simplified process graph of the nanofiltration pilot process is presented in Figure 

10; graph contains no air flow, chemical dosing or other process parts related to those. Pilot 

produced permeate, which in this case was the product, concentrate which was waste in this 

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

Pilot process had one membrane, other necessary process parts to run it, tank for permeate, 

as it was used for backwash and in chemical cleaning, and tanks for chemicals. The 
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chemicals used were citric acid solution and lye solution, which were mixed in about ten to 

fifteen liter batches and added to their tanks. Trial period sampling points are marked to 

Figure 10 with red crosses. 

 

 

Figure 10. Simplified process graph for trial period 3 nanofiltration pilot monitoring. 

 

The sampling points were 

1. From permeate hose, which was led to discharge canal inside the adjacent building. 

This trial period point is later referred to as trial period 3.1. 

2. From concentrate hose, which was led to discharge canal inside the adjacent building. 

This trial period point is later referred to as trial period 3.2. 

3. From constructed sampling system, water coming from water treatment plant 

influent pipe. This trial period point is later referred to as trial period 3.3. 

 

For the permeate and concentrate monitoring, Optoseven FSA-CT1000 was installed inside 

the adjacent building, where the discharge hoses from nanopilot process container were led. 

For the influent monitoring, the analyser was placed closer to the influent pipe, near another 
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discharge canal inside the building. A can installation was used to collect samples in all three 

trial periods. The figures corresponding to this trial period points are presented in Appendix 

8 Figures 1 ï 3. 

For the trial period 3.1 monitoring nanofiltration permeate, sampling interval was set to five 

minutes, and background interval to three hours, as the potential soiling effect could not be 

anticipated. The permeate was known to be relatively clean, so DI water was chosen for the 

background liquid. These settings worked for this trial period. 

From permeate, two calibration samples were collected. Additionally, two big samples were 

collected and divided to smaller parallel samples, five from each, which were one calibration 

sample, two characterisation samples, one metal elements sample and one for the rest of the 

water quality test. 

For the trial period 3.2 monitoring nanofiltration concentrate, sampling interval was set to 

five minutes and background interval to three hours. As the treated water with nanopilot was 

known to be humus-rich, citric acid was chosen to be the background liquid for concentrate 

monitoring. These settings worked for this trial period. 

From concentrate, two calibration samples were collected. Additionally, one big sample 

were collected and divided to smaller parallel samples, which were one calibration sample, 

two characterisation samples, one metal elements sample and one for the rest of the water 

quality test. 

For the trial period 3.3 monitoring nanofiltration influent, sampling interval was set to ten 

minutes and background interval to three hours. Large variations were not to be expected in 

the influent, so no tight sample interval was needed. Citric acid was kept for background 

liquid. These settings worked well for this trial period. 

From influent, one calibration sample was collected. Additionally, one big sample were 

collected and divided to smaller parallel samples, which were one calibration sample, two 

characterisation samples, one metal elements sample and one for the rest of the water quality 

test. 
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3.5  Water samples collected and analysed in this study 

In this study, the sampling was carried out as follows: 

1. Spot sample, collected manually (calibration sample, water quality test sample, 

characterisation sample) and analysed in accredited laboratories (Laboratory A 

and Laboratory B in Finland, and Laboratory C in Germany). 

2. Composite sample for water quality test, taken with remote-controlled sampler 

over certain time period (Nivos discharge 1.1, Nivos pretreated influent 1.2) and 

then collected manually from the container of the sampler and analysed in 

accredited laboratory (Laboratory A). 

3. Spot sample, taken and analysed with Optoseven FSA-CT1000 UV COD and 

Turbidity Liquid Analyser . 

 

Spot samples, taken and analysed with Optoseven FSA-CT1000, were taken from: 

1. In office pre-trial period 0, hose was curved, and sample was collected from curve 

(Figure 4 in chapter 3.1). 

2. In waste water treatment plant trial periods 1.1 and 1.2, both sample spots were open 

wastewater canals (Figure 6 and Figure 7 in chapter 3.2). 

3. In fish farm trial period 2.1, flotation effluent was collected from open part of the 

process unit (Figure 2 in Appendix 7). 

4. In fish farm trial period 2.2, flotation influent was collected from a sampling can 

application (Figure 4 in Appendix 7). 

5. In fish farm trial period 2.3, flotation influent with chemicals was collected from 

open part of mixing tank (Figure 5 in Appendix 7). 

6. In nanopilot-trial periods 3.1 and 3.2, pilot permeate and concentrate samples were 

collected from a sampling can application (Figures 1 and 2 in Appendix 8) adapted 

in nanopilot container discharge hoses. 
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7. In nanopilot-trial period 3.3, pilot influent sample was taken from sampling pipe 

joint, a few meters after the nanofiltration pilot container influent pipe joint and was 

conducted to near the analyser with hose (approximately 25 meters), hose end 

attached to a sampling can application (Figure 3 in Appendix 8). 

 

Samples were numbered from 1 to 83 for the manual samples, and from 1 to 9076 for the 

analyser-taken samples; analyser labelling the data automatically. Manual samples are 

presented in Appendix 9, and Optoseven FSA-CT1000 samples are presented in Appendix 

3 with overall description. 

All samples are referred to by their number and the overall definition of the sample when 

needed, to keep it clear which sample is in question. Some of the manual samples never 

ended up being analysed in laboratory; this is explained separately for these samples. Some 

of the analyser-taken samplesô results are excluded from the interpretation of the results; 

these cases are explained separately case by case for these samples. 

Manual samples were grabbed to either 5-liter plastic can, 1-liter plastic bottle, 0.5-liter 

plastic bottle, or 0.05-liter plastic container. All sample containers were new, and never been 

used for sampling before. Some of the samples were collected to 5-liter can, 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 actual sample was 

taken. 

For sample grabbing below standing platform (for Nivos WWTP trial periods 1.1 and 1.2 

calibration samples), a sampling rod was used to reach the water level safely. Figure 11 

presents a sample bottle attached to the rod. 
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Figure 11. Plastic sample bottle attached to rod for grabbing the sample below standing 

platform. 

 

The samples were transferred from the trial sites in a cooler bag, containing ice coolers to 

keep the sample cool. Samples were stored in Teollisuuden Vesi office laboratoryôs 

refrigerator if needed, before transfer to laboratories. In nanofiltration trial period 3 the big 

parameter samples were delivered to nearby laboratory the same day they were taken and 

kept cool between grab and delivery. Calibration samples from nanofiltration trial period 3 

with parameters COD and turbidity were not as critical for the time, and calibration samples 

from nanofiltration trial were stored cool until the end of trial and delivered to laboratory 

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

Characterisation samples were kept frozen, as they were being held pending a decision of 

which of the samples to be studied. Two parallel characterisation samples were collected 

from each sampling spot, so the visual inspection after the melting of sample could be done 

to one while the other remained frozen. This procedure was applied as the laboratory 

performing characterisation studies was in Germany, and samples had to be kept as stable as 

possible when waiting the study. 
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4  Results and discussion 

In this chapter, results from the trial periods are presented, noteworthy points that have 

influenced the results are mentioned, and conclusions based on the results are drawn. Waters 

in trial periods were monitored and analysed in the order from cleanest to dirtier ones, 

effluents before influents and concentrate. Aim of this study was to examine the applicability 

of the Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser; if the cases had 

been to calibrate the analyser to monitor for longer times and achieve actual online results, 

it might have been reasonable to monitor both process ends (influent/effluent) several times 

to find the best sampling points for the processes. 

4.1  Laboratory parameters analysed to characterise water quality in trial periods 

In this study, following parameters were analysed in laboratory: pH, electrical conductivity 

(EC, ů), turbidity, total organic carbon (TOC), biochemical oxygen demand (BOD7), 

chemical oxygen demand dichromate (CODCr) and/or chemical oxygen demand 

permanganate (CODMn), nitrate (NO3
-), nitrite (NO2

-), ammonium nitrogen (NH4
+), total 

nitrogen (TN), phosphate (PO4
3-), total phosphorus (TP), sulphate (SO4

2-), chloride (Cl-), 

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, Tl, U, V, Zn). 

Parameters with their units and determination methods used by the laboratory are presented 

in Appendix 10. When all the mentioned parameters were analysed as ñWater quality testò, 

minimum of four liters of water was needed. The whole set of parameters was analysed at 

minimum once per sampling point in trial periods 1 and 3, and from sampling points 2.1 and 

2.2 as in the sampling point 2.3 the only difference was the addition of chemicals. Quality 

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 calibrate Optoseven FSA-CT1000 results, CODMn and/or CODCr and turbidity were 

analysed in laboratory more than once per sampling point. In fish farm trial period 2, to study 
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the reduction over the flotation process, a set of turbidity, TP, TN, TSS, and CODMn and/or 

CODCr was analysed. Characterisation of COD was done in practice as characterisation of 

total organic carbon (TOC). 

In chapter 2.2 Water quality parameters, the individual parameters are presented based of 

their contribution to water quality. Results from laboratory analyses are discussed by the 

trial period in their chapters 4.3 ï 4.6 and the full results with comparison with the 

requirements and recommendations for water intended for human consumption, and the 

characterisation results are presented in Appendix 12. As no microbial test were done from 

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

evaluate in 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 the trial period was over. 

4.2  Data handling and calibration of results during this study 

In order to calibrate the data in this study, following steps of data handling were performed: 

o Calibration samples and Optoseven FSA-CT1000 samples were paired, so that it was 

clear which of the analyser samples corresponded to which calibration samples. 

o Data were retrieved from the Optoseven FSA-CT1000 via the internet. The data were 

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

o The data file was saved to certain folder, which contained .xlsm format Excel file, 

which contained specified macro. 

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

format. 

o This slightly processed data were copied from .xlsm Excel file to .xlsx Excel file to 

be processed further. Paste to the new file was done with Paste special -function 

ñValues and number formatsò. In this point, all data were collected to one file, and 

parallel to that, cut to every trial period sampling pointôs own separate file. Some of 

the samples were excluded at this point from the separate trial period files. This led 
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to one file with all the data and nine files with one sampling point relevant data in 

each of them. 

o Calibration data were collected from laboratory analyses and from Optoseven FSA-

CT1000 results in each of the sampling point .xlsx file. 

o Calibration curve was plotted with data, by drawing the trendline for the calibration 

data correspondences. Slope of trendline was the calculated calibration coefficient. 

There were three different possibilities to draw the trendline with the plotted data: 

o Trendline without any modification. 

o Trendline through origin point (0,0). 

o Trendline with added 0,0 dot in calibration data without further modification. 

o Suitable trendline drawing system was selected after the abovementioned three 

variations were used for the pre-trial period calibration sample results (chapter 4.3). 

o Results retrieved from the Optoseven FSA-CT1000 were calibrated with the obtained 

calibration coefficient. 

o Calibrated results were used to: 

o Draw different kind of graphs to illustrate the results in common. 

o Draw different kind of graphs to illustrate behaviour of the analysed water. 

o Pick up specific values and draw graphs based on them (chapter 4.6.2, Figure 

28). 

o Exclude some of the values, if they were not usable. 

 

In Appendix 13 examples of data are presented in three stages of handling process; data in 

.csv file, data converted to .xlsx format in sampling point data file, and calibrated COD and 

turbidity data. 

The results were retrieved from the Optoseven FSA-CT1000 mostly daily during the trial 

periods. By doing so, it was ensured that they accumulated, and their level remained as 
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expected, and the analyser stayed online. Also the cleanliness of the sample cell was checked 

once in a while to be sure that the background liquid was working well. 

In this study, the calibration was done to two parameters Optoseven FSA-CT1000 was 

measuring: COD and turbidity. COD was calibrated to CODMn or CODCr depending on 

which could be analysed in laboratory. 

4.3  Results of the pre-trial period 0 with tap water 

During the pre-trial 0 tap water monitoring, data were collected from Tuesday 13.6.2023 to 

Thursday 15.6.2023 and from Friday 16.6.2023 to Monday 19.6.2023, as 15. ï 16.6.2023 

water tap was needed to other purposes. 

As anticipated, tap water in Teollisuuden Vesi Oy test hall showed low COD concentration 

and low turbidity. Calibration tests were done to CODMn as it had lower detection limit, in 

this case 0.5 mg/L. First calibration sample had COD below CODMn detection limit, so the 

calibration had to be done by choosing the value for it. Common practice in cases of 

concentration of parameter below detection limit, is to use 0.5 factor for detection limit to 

have a value, which then can be used to calculations. In this case, 0.5  0.5 mg/L equalled 

0.25 mg/L. Laboratory analysed results used in calibration for COD and turbidity are 

presented in Appendix 12 Table 1. 

Figure 12 presents CODMn calibration data of pre-trial period 0 plotted and trendline drawn 

based to it in Excel. Though the R2 for the trendline function was one (R2=1.00), it would 

not be usable for data calibration, as about 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 CODMn calibration data of pre-trial period 0 plotted and trendline drawn 

based to it in Excel, trendline through origin. For trendline R2=0.91 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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Figure 12. Screenshot of pre-trial period 0 tap water CODMn calibration data plotted, 

trendline without modification. 

 

 

Figure 13. Screenshot of pre-trial period 0 tap water CODMn calibration data plotted, 

trendline through origin. 
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To further check the appropriate method to retrieve calibration coefficient for CODMn, the 

third method with added 0,0 dot and no modification for trendline was tested. Result was 

R2=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 CODMn was successful with the second 

method and the used calibration coefficient was 0.06 for pre-trial 0 data. Also, if the case 

had been to calibrate the Optoseven FSA-CT1000, only one coefficient with no additive 

factors would have been possible to use in the analyser settings. 

Same procedure was next gone through for turbidity, and as result, the second method with 

trendline through origin worked well for turbidity as well. First method gave descending 

trendline, which was not usable. Screenshots of the procedure are presented in Appendix 14. 

Obtained calibration coefficient was 0.04, which then was used to calibrate the turbidity 

data. 

Figure 14 presents the variation in tap water CODMn concentration and turbidity during pre-

trial period 0. CODMn is mostly between 0.2 and 0.7 mg/L and turbidity mostly between 0.1 

and 0.3 FNU. CODMn variation does not seem to have a clear pattern, thought in this level 

as it stays under 1 mg/L the whole time, variation is insignificant. 
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Figure 14. Pre-trial period 0, seven days chart time, CODMn and turbidity results. 

 

From the results can be seen that the tap water provided by Nivos had low CODMn 

concentration and low turbidity over the trial period. In this kind of monitoring Optoseven 

FSA-CT1000 would definitely show if tap water quality measured by COD or turbidity 

changes. 

4.4  Results of the trial period 1 at waste water treatment plant 

In Nivos Kirkonkylä WWTP, to increase the denitrification level in biological treatment, 

primary clarifier is bypassed for a certain period of time every day when waste water 

temperature reaches defined level in the summer. When primary clarifier is bypassed, more 

organic carbon enters biological treatment, enhancing denitrification. When bypass ends, it 

takes about two hours for the primary clarifier to fill up, and during that time there is no 

water flow forward to biological treatment. During this trial period primary clarifier was 

mostly bypassed from 21:00 to 16:00 meaning it was in use about five hours per day. In this 

WWTP, the only flow measurement is the discharge flow. 
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4.4.1  Trial period 1.1 WWTP discharge effluent 

Trial period 1.1 waste water treatment plant effluent started on Monday 19.6.2023 and ended 

on next Monday 26.6.2023. Calibration for the data collected during trial period 1.1 WWTP 

discharge effluent was done with the second method presented in chapter 4.2 and resulted in 

coefficients 0.26 and 0.17 for CODCr and turbidity, respectively. Screenshots of the 

procedures are presented in Appendix 15 Figures 1 ï 2. Laboratory analysed results used in 

calibration are presented in Appendix 12 Table 2: S 3, S 7, S 8. 

Optoseven FSA-CT1000 collected samples in 30 minutes interval, and as Figure 15 presents, 

the CODCr and turbidity levels in effluent remained at constant levels. The Midsummer 

weekend (Friday 23.6. ï Sunday 25.6.) is visible in the results, where the overall CODCr 

level decreases a little. People tend to move to cottages for summer weekends and especially 

for Midsummer weekend, which led to a decrease in WWTP influent flow during the 

weekend, and further to a slight decrease in effluent CODCr level (Figure 15). The peak on 

26.6.2023 morning is from a cleaning operation of one of the secondary clarifiers, when a 

pipe was opened and amount of debris went forward to tertiary treatment and discharge. This 

phenomenon was also clearly visible in Nivosô own effluent monitoring system and lasted 

for about three hours. 

 

 

Figure 15. Trial period 1.1, eight days chart time, CODCr and turbidity results. 



49 

 

 

Figure 16 shows CODCr and turbidity results added with the information of water flow from 

Nivos WWTP (lilac curve) and the information of primary clarifier usage (yellow curve). 

During zero effluent water flow, Optoseven FSA-CT1000 collected samples from standing 

water remaining in the discharge water pool. 

 

Figure 16. Trial period 1.1, eight days chart time, CODCr and turbidity results, with water 

flow and primary clarifier bypass information. 

 

The small dips in graph during the longer times 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 treatment. One explanation for the lower CODCr 

can be the standing water, where particles containing degradable matter leading to increased 

COD may have settled down. Overall, no clear correlation for primary clarifier usage and 

CODCr levels in effluent could be seen in this trial period. Neither water flow nor primary 

clarifier bypass had a visible effect on turbidity level. The information about the zero water 

flow times and bypass times was collected from Nivos Kirkonkylä WWTP process control 

system by the operating engineer. 

Nivos WWTP uses automatic sample collector to obtain 24 hours composite sample for 

analysis. Samples for Nivos WWTP own composite sample from discharged effluent were 

collected 20.6.2023 07:30 ï 21.6.2023 07:30. During this time, sample collector took 56 
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samples. Effluent sample collector is flow-controlled, and it takes the sample every 20 m3. 

From this composite sample, four liter of sample was collected to be the water quality sample 

for trial period 1.1 WWTP effluent. Two parallel characterisation samples were collected 

parallel to one of the calibration samples. 

Laboratory analysed water quality results in detail are presented in Appendix 12 Tables 3 ï 

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

As anticipated, water quality test results reflected this monitored water being treated waste 

water. CODCr was 26 mg/L, CODMn 9.3 mg/L, turbidity 3 FNU, BOD7 3.6 mg/L, TSS 6 

mg/L and TDS 558 mg/L; of which CODMn over recommendations if the water was for 

human consumption (Appendix 12 Table 3, S 6). COD levels are relatively low, but as 

CODCr was possible to determine water is not clean. TDS reflects the impurities being 

present even though low turbidity indicates water being relatively clear. Nitrogen 

compounds had high concentrations, which was not surprise as the WWTP uses nitrification 

and denitrification in the waste water degradation process; NO2
- was 1.4 mg/L (over required 

maximum 0.50 mg/L), NH4
+ was 1.3 mg/L (over recommended maximum 0.50 mg/L) and 

NO3
- was 38 mg/L (near required maximum 50 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 recommendations, if the water was 

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

Flow of treated waste water appears to be viable place with Optoseven FSA-CT1000, but in 

this case it did not give added value for information that could have been achieved with the 

already existing 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 on Tuesday 4.7.2023. Calibration for the data collected 

during trial period 1.2 pretreated waste water was done with the second method presented in 

chapter 4.2 and resulted in coefficients 1.01 and 1.10 for CODCr and turbidity, respectively. 

Screenshots of the procedures are presented in Appendix 15 Figures 3 ï 4. Laboratory 

analysed results used in calibration are presented in Appendix 12 Table 2: S 9, S 13, S 15. 
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Optoseven FSA-CT1000 collected samples in 30 minutes interval for this trial study. Results 

seem to show a daily pattern in WWTP pretreated water CODCr and turbidity levels (Figure 

17). 

 

 

Figure 17. Trial period 1.2, nine days chart time, CODCr and turbidity results. 

 

Figure 18 shows CODCr and 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 time, Optoseven FSA-CT1000 collected samples from standing 

water remaining in the water canal leading to the two biological treatment lines. Daily 

patterns in CODCr or turbidity levels appear independent of primary clarifier bypass, as the 

same pattern is also seen in those days primary clarifier is fully bypassed. This three days 

period of bypass was due to problems with primary clarifier sludge pump. The information 

about the zero water flow times and bypass times was collected from Nivos Kirkonkylä 

WWTP process control system by the operating engineer. 
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Figure 18. Trial period 1.2, nine days chart time, CODCr and turbidity results, with water 

flow and primary clarifier bypass information. 

 

One result in this trial period 1.2 is questionable, and it is represented as zero (0). There is 

no explanation what have been happened, but sample analysed 27.6.2023 at 11:55 gave odd 

values in three out of five values Optoseven FSA-CT1000 wrote to the data. Possibility with 

this sample was some kind of a lump in sample water, which gave COD-value high enough 

the analyser to not to give it a value at all. The high peak analysed in 30.6.2023 at 13:39 

having calibrated value of 1152 mg/L CODCr, stands out remarkably, but is not questionable. 

Some other values around it are also high, and it occurs at a time when similar peak values, 

although lower, were observed on the other days. 

Samples for Nivos WWTP own composite sample from pretreated waste water were 

collected 3.7.2023 07:00 ï 4.7.2023 07:00. During this time, sample collector took about 25 

samples. Sample collector is flow-controlled, and it takes the sample every 80 m3. From this 

composite sample, four liter of sample was collected to be the water quality sample from 

trial period 1.2 WWTP pretreated waste water. Two parallel characterisation samples were 

collected parallel to one of the calibration samples. 

Laboratory analysed water quality results in detail are presented in Appendix 12 Tables 3 ï 

4. Characterisation (TOC) was done from a sample from this sampling point, results in detail 

are presented in Appendix 12 Table 5. 
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Water quality test results reflected this monitored water being partly pretreated, almost raw 

waste water. CODCr was 470 mg/L, turbidity 160 FNU, BOD7 190 mg/L, TSS 240 mg/L and 

TDS 547 mg/L (Appendix 12 Table 3, S 14). Turbidity reflected the unpleasant, cloudy 

appearance of the water. As the recommendation for turbidity, if the water was for human 

consumption, is ñacceptable by userò, this alone would be enough to tell the water not being 

consumable. The ratio CODCr/BOD7 for this water from 470 mg/L and 190 mg/L was 2.5, 

which indicates the high biodegradability (Chapter 2.2 Table 2. Sperling 2007, 40), thought 

it is not determined from BOD5 as in the reference. NH4
+ 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 maximum. Most of the metal elements were found, but only a few in high 

concentrations; aluminium, iron, manganese, sulphur, and silicon, of which aluminium, iron, 

and manganese over recommendations, if the water was for human consumption (Appendix 

12 Table 4, S 14). Characterisation results 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 water Optoseven FSA-CT1000 is designed to monitor, so 

this was an interesting trial period. A clear daily variation in results was noticeable. In this 

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 the trial period 2 at a fish farm waste water treatment 

Trial period 2 at a fish farm was challenging due to electricity cutouts and malfunctions with 

the background liquid. 

4.5.1  Trial period 2.1 flotation effluent 

Trial period 2.1 flotation effluent monitoring started on Thursday 6.7.2023, but since the 

first day results of this trial remained below zero, they are excluded from calibrated results. 

Also a malfunction in Optoseven FSA-CT1000 background liquid can was encountered. The 

background liquid can did not get replacement air, and liquid did not flow, so the analyser 
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gave no values for about one day. The data presented in the following figures starts from 

10.7.2023 morning, after the background liquid can malfunction was repaired. Optoseven 

FSA-CT1000 collected samples in 30 minutes interval for this trial period. Trial period 2.1 

ended on Tuesday 25.7.2023 morning. 

Calibration for the data collected during trial period 2.1 flotation effluent was done with the 

second method mentioned in chapter 4.2 and only to CODMn, as all CODCr levels in 

calibration samples from this trial period remained below detection limit. As a whole, there 

were 14 samples that could have been used for calibration. Five calibration samples were 

collected during the actual trial period 2.1 and four were collected right after it as two 

calibration samples and two water quality samples, and five samples more were collected as 

parts of reduction series later. It turned out, that nine first calibration samples gave better R2 

for calibration curves for both CODMn and turbidity than all 14 samples, so only nine first 

results were used to draw the trendline and approach the calibration coefficient. This resulted 

in coefficients 0.17 and 0.56 for CODMn and turbidity, respectively. Screenshots of the 

procedures are presented in Appendix 15 Figures 5 ï 6. Laboratory analysed results used in 

calibration are presented in Appendix 12 Table 7 and Table 9: S 27, S 33. 

Figure 19 shows clear daily pattern with high peaks on CODMn and turbidity levels. The 

explanation to this daily pattern ended up being the morning shift start on 07:00, and as shift 

started with fish tank cleaning, water with high concentrations of fish feces and feed started 

to flow to end up to flotation and to the effluent CODMn. In the middle of Figure 19 these 

daily peaks disappear, thanks to the amendment of a coagulant. First days of this chart the 

suction pipe in coagulant tank was not below the liquid surface, and when this was fixed 

14.7.2023, it had an immediate effect to the morning peaks. 

Flotation malfunction due to electrical cutout occurred 24.7.2023 early morning, yet CODMn 

and turbidity still stayed relatively low even the flotation dispersion water was not working 

at all (Figure 19). This might have resulted from the water flow not containing large amounts 

of sludge water as the staff were busy to operate the facility after electrical cutout and 

cleaning of the fish tanks was slower. The flotation operation was restored during the day. 
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Figure 19. Trial period 2.1, 16 days chart time, CODMn and turbidity results. 

 

Samples collected for laboratory analyses from this sampling point: 

o Three calibration samples with two parallel characterisation samples parallel to one 

of the calibration samples. These calibration samples were tested but not used in 

calibration, as the time period these samples were taken the analyser gave data below 

zero with 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 12 Tables 9 ï 

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

Both of the water quality test results had low CODMn (1.5 and 2.3 mg/L), low turbidity (1.9 

and 3.1 FNU), low BOD7 (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, S 33). Nitrogen compounds had high 

and moderate concentrations: NO2
- was 0.45 and 0.51 mg/L (required maximum 0.50 mg/L 

if the water was for human consumption), NH4
+ was 0.32 and 0.3 mg/L (recommended 

maximum 0.50 mg/L) and NO3
- was 20 and 20 mg/L (required maximum 50 mg/L) 

(Appendix 12 Table 9, S 27, S 33) and their presence in this case was a sign of the nature of 

the flotation influent being outgoing process water and sludge water with fish feces. Most of 

the metal elements were found, and only a few in high concentrations; aluminium, sulphur 

and silicon, of which aluminium over recommendations if the water was for human 

consumption (Appendix 12 Table 10, S 27, S 33), as there are no recommendations or 
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requirements for maximum amounts of sulphur of silicon. Aluminium levels in this case 

were a residue from use of polyaluminum chloride coagulant. 

In this kind of monitoring Optoseven FSA-CT000 was in 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. The interval 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 behaviour, would need a more frequent 

sampling interval. 

4.5.2  Trial period 2.2 flotation influent without chemicals 

Trial period 2.2 flotation influent without chemicals started on Tuesday 25.7.2023 with 

reduction series samples, which are excluded from results graphs. Also a malfunction in 

Optoseven FSA-CT1000 background liquid can was encountered, 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 graphs. Optoseven FSA-CT1000 

collected samples in 30 minutes, 20 minutes, and five minutes intervals (exact details in 

Appendix 4). Trial period 2.2 ended on Friday 4.8.2023 morning. 

For this trial period both CODMn and CODCr calibration samples were successful so the 

results were possible to calibrate referred to both, even though all the calibration samplesô 

results were not usable for calibration. Calibration for the data collected during trial period 

2.2 flotation influent without chemicals was done with the second method mentioned in 

chapter 4.2 and resulted in coefficients 0.15, 1.29, and 0.85 to CODMn, CODCr and turbidity, 

respectively. Screenshots of the procedures are presented in Appendix 15 Figures 7 ï 9. 

Laboratory analysed results used in calibration are presented in Appendix 12 Table 9: S 26, 

S 32 and Table 11: S 28, S 30, S 34. 

From Figure 20 presenting CODMn and CODCr results can be seen that keeping in mind 

which one of the two possible chemical oxygen demand is in question is essential when 

reviewing and comparing results. Difference between these two values in this specific case 
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is remarkable, as CODCr values are roughly 8.5 times the CODMn values. Figure 21 presents 

CODMn and turbidity results, and Figure 22 presents CODCr and turbidity results. 

 

 

Figure 20. Trial period 2.2, 11 days chart time, CODMn and CODCr results. 

 

 

Figure 21. Trial period 2.2, 11 days chart time, CODMn and turbidity results. 
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Figure 22. Trial period 2.2, 11 days chart time, CODCr and turbidity results. 

 

As was anticipated based of the daily pattern in flotation effluent before the chemicals were 

restored, daily pattern in COD and turbidity is seen also in flotation influent (Figures 20 ï 

22). The daily morning peaks in COD and turbidity were due to the fish tanks cleaning in 

the beginning of the morning shift. This 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 characterisation samples parallel to one of the calibration samples. 

o Two water quality samples, of which results were also used in calibration. 

o One sample for reduction series, of which results were not used in calibration, as the 

results were a bit of questionable. 

Laboratory analysed water quality results in detail are presented in Appendix 12 Tables 9 ï 

10. Characterisation (TOC) was done from a sample from this sampling point, results in 

detail are presented in Appendix 12 Table 12. 

Both of the water quality test results had low CODMn (2.4 and 3.6 mg/L, not over the 

recommended 5.0 mg/L if the water was for human consumption), low turbidity (3.3 and 6.5 

FNU), low BOD7 (5.2 and 6 mg/L), low TSS (7.3 and 11 mg/L) and moderate TDS (151 and 

165 mg/L) (Appendix 12 Table 9, S 26, S 32), even though attempt was to obtain a higher 
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concentration of the contaminants to the samples. Nitrogen compounds had high and 

moderate concentrations: NO2
- was 0.47 and 0.64 mg/L (required maximum 0.50 mg/L if 

the water was for human consumption), NH4
+ was 0.38 and 0.25 mg/L (recommended 

maximum 0.50 mg/L) and NO3
- was 19 and 21 mg/L (required maximum 50 mg/L) 

(Appendix 12 Table 9, S 26, S 32) and their presence in this case was a sign of the nature of 

the water being outgoing process water and sludge water with fish feces. Most of the metal 

elements were found, and only two in high concentrations: sulphur and silicon, (Appendix 

12 Table 10, S 26, S 32). Characterisation results reflect the waste water profile, with high 

nitrate and high ammonium concentration and relatively high protein content (Appendix 12 

Table 12). Reduction series samples were taken to observe the flotation efficiency, but it was 

not successful 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 FSA-CT1000, and monitoring 

period verified the morning shift effect to the water parameters although the higher peaks 

occur also in other times. This would probably be the nature of the system, where the 

periodical use of the filter bed press might be the cause. Sampling interval was 30 minutes, 

then 20 minutes and then it was reduced to five minutes for the last days, to see if the water 

behaviour would have some shorter patterns. 

4.5.3  Trial period 2.3 flotation influent with chemicals 

Trial period 2.3 flotation influent with chemicals started on Friday 4.8.2023. Malfunction 

with the background liquid was encountered, when biofilm growth in the background liquid 

clogged the tube, preventing liquid flow. Optoseven FSA-CT1000 gave no values for about 

ten hours in 6. ï 7.8.2023; this time is shown as empty time in the graph. Tube was cleaned 

on 7.8.2023 and contaminated liquid was replaced the next day 8.8.2023 when the analyser 

was cleaned thoroughly; chemical cleaning took about three hours, also this time is shown 

as empty time in the graph. Analyser collected samples in five minutes interval for this trial 

period. Trial period 2.3 ended on Thursday 10.8.2023. 

Calibration for the data collected during trial period 2.3 flotation influent with chemicals 

was done with the second method presented in chapter 4.2 and only to CODMn and turbidity, 

as all CODCr levels in calibration samples remained below detection limit. This resulted in 
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coefficients 0.07 and 0.77 to CODMn and turbidity, respectively. Screenshots of the 

procedures are presented in Appendix 15 Figures 10 ï 11. Laboratory analysed results used 

in calibration are presented in Appendix 12 Table 13. 

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 CODCr, but all samples remained below detection limit for CODCr. In trial period 

2.2. flotation influent without chemicals, the original data values for two calibration samples 

were 31.13 and 22.60, resulting to laboratory results of 72 and 15 mg/L CODCr, respectively 

(Appendix 15 Figure 8), while in this this trial period the highest original data values of 

calibration samples were 44.95 and 40.71 and resulted to CODCr below detection limit 

(Appendix 15 Figure 10). 

Daily pattern is visible in the mornings in the CODMn and turbidity results, when fish tank 

cleaning was done, and as it was done manually, CODMn and turbidity pattern vary from day 

to day (Figure 23). Also smaller peaks appear throughout the days. The drop on turbidity 

level on the 6.8.203 evening was due to the background liquid malfunction before the 

analyser stopped giving values for parameters altogether. 

 

 

Figure 23. Trial period 2.3, seven days chart time, CODMn 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 water parameter results in detail are presented in Appendix 12 Table 

13. No characterisation or water quality test were done from the samples from this sampling 

point. 

Reduction series samples were taken to observe the flotation efficiency, and it was somehow 

successful action, but similar to trial period 2.2 the parameter high peaks in water flow had 

poor predictability and the results as a whole were not successful. 

With this kind of chemical water flow Optoseven FSA-CT1000 may not perform in the best 

possible way. When comparing the result graphs from this trial (Figure 23) and from the trial 

period 2.2 without the chemicals (Chapter 4.5.2 Figure 21), the overall levels of turbidity in 

this trial period stays lower and the high peaks only once reach 45 FNU, when in trial period 

2.2 turbidity regularly exceeds 50 FNU. As it is the same facility, with similar daily routines, 

the turbidity levels would have been supposed to reach similar levels than in the previous 

trial. Though the sampling point being in the spot where the chemical supposedly was 

already well mixed with water, the difference in results may be explained with already 

occurred flocculation. In addition, the selected background liquid/cleaning agent was citric 

acid hence the chemical, and the water flow was too clean to citric acid for a few occasions 

in the last days, where COD remained below zero. In this kind of monitoring, different 

analyser configuration with separated background liquid and cleaning agent could be the 

solution. 

4.6  Results of the trial period 3 at a nanofiltration pilot 

Figure 24 presents the waters of the trial period, from left to right: influent, permeate, and 

concentrate. These 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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Figure 24. 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 started on Tuesday 15.8.2023 with nanofiltration permeate 

monitoring. Can application was used to collect samples. As the pilot used the permeate in 

backwash and in chemical wash cycles, part of the permeate sampling from the can was done 

from standing water, which had been left to the can when overflow from permeate collection 

tank stopped. For the backwash of the membrane, this was an hourly phenomenon for 2 ï 3 

samples during the backwash and right after it, when permeate tank was filling again and 

during the chemical wash and right after it, this was the case for 5 ï 6 samples. These sample 

results were not deleted from the data. Optoseven FSA-CT1000 collected samples in five 

minutes interval for this trial period. Trial period 3.1 ended on Tuesday 22.8.2023. 

Calibration for the data collected during trial period 3.1 nanofiltration permeate was done 

with the second method presented in chapter 4.2 and resulted in coefficients 0.51 and 0.22 

to CODMn and turbidity, respectively. Screenshots of the procedures are presented in 

Appendix 15 Figures 12 ï13. Laboratory analysed results used in calibration are presented 

in Appendix 12 Table 14. 
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Permeate showed extremely low COD levels. Even the DI water as the background liquid 

was not clean enough for certain time points, where the calibrated CODMn values remain 

below zero (Figures 25 and 26). These values below zero are not correct, and they were left 

to the graphs only to visualise the behaviour of the CODMn. 

The daily higher peak in CODMn levels (Figure 25) turned out to be COD burst after the 

chemical wash sequence. This periodic peak was unexpected. 

 

 

Figure 25. Trial period 3.1, eight days chart time, CODMn and turbidity results, whole trial 

period. 

 

Figure 26 presents time period over one chemical wash interval. A few samples just before 

the peak were collected and analysed from standing water, and the highest value is the first 

sample collected after the permeate tank was filled and the permeate overflow started. 

Permeate had low CODMn levels in general, but the difference between lowest and highest 

values was considerable and the higher level values appeared for different lengths of times. 
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Figure 26. Trial period 3.1, 1.5 days chart time, CODMn and turbidity, one chemical wash 

interval. 

 

In Appendix 16 is presented all five graphs over one chemical wash intervals. The cycles are 

not identical, though the process control parameters were not changed daily (Figure 25). 

From this sampling point four calibration samples, two water quality samples, and two sets 

of characterisation samples were collected. 

Laboratory analysed water quality results in detail are presented in Appendix 12 Tables 16 

ï 17. From two water quality samples, metal elements were analysed from both, and other 

water quality parameters were analysed only from the first collected water quality sample. 

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

As nanofiltration pilot permeate the water was anticipated very clean and the results reflected 

this. Water quality test results had low CODMn (11 mg/L), low turbidity (0.17 FTU), low 

BOD7 (11 mg/L), extremely low TSS (< 1 mg/L) and moderate TDS (62 mg/L) (Appendix 

12 Table 16, S 57). Nitrogen compounds had extremely low and low concentrations: NO2
- 

was < 0.01 mg/L (required maximum 0.50 mg/L if the water was for human consumption), 

NH4
+ was 0.011 mg/L (recommended maximum 0.50 mg/L) and NO3

- was 0.12 mg/L 

(required maximum 50 mg/L) (Appendix 12 Table 16, S 57). Almost half of the metal 

elements were under detection limits, and only sulphur and silicon in higher concentrations 

and aluminium in moderate and low concentrations (Appendix 12 Table 17, S 58, S 65). 

In this monitoring point, Optoseven FSA-CT1000 gave unexpected information about the 

water parameter behaviour. 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 of use Optoseven FSA-

CT1000 could stand out as a verification tool for a steady level of a certain water parameter. 

4.6.2  Trial period 3.2 nanofiltration pilot concentrate 

Trial period 3.2 nanofiltration concentrate started on Tuesday 22.8.2023. The purpose was 

to collect the data until 28.8.2023, but nanopilot process malfunction occurred and almost 

two days of data were not usable in the end of this trial period. The data presented in the 

following figures is from time before the nanopilot process malfunction started. Can 

application was used to collect the samples, and as in the previous trial period 3.1, some of 

the samples were collected from a standing concentrate, which was left to the can during the 

backwash and chemical wash, as the concentrate did not flow during the washes, and this 

was the case for 1 ï 2 or 3 ï 4 samples, respectively. These sample results were not deleted 

from the data. Optoseven FSA-CT1000 collected samples in five minutes interval for this 

trial period. This trial period 3.2 ended on Monday 28.8.2023 after nanopilot process was 

started again and calibration samples for this trial were 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 resulted in coefficients 0.17 and 0.41 

to CODCr and turbidity, respectively. Screenshots of the procedures are presented in 

Appendix 15 Figures 14 ï 15. Laboratory analysed results used in calibration are presented 

in Appendix 12 Table 15: S 69, S 70, S 73. 

Figure 27 presents the CODCr and turbidity results for concentrate trial period. This kind of 

variation in COD levels was not expected, and unlike in the permeate, concentrate had 

clearly visible changes in CODCr levels after both every backwash and every chemical wash. 

The difference in permeate and concentrate monitoring was, that concentrate ran freely to 

discharge all time it was produced, when permeate was collected to tank to be used in 

backwash and in chemical wash. If permeate had also run freely to discharge, some similar 

pattern in COD levels might have been possible to witness. 
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Figure 27. Trial period 3.2, five days chart time, CODCr and turbidity results. 

 

Backwash and chemical wash cycles affected the CODCr. Higher values were detected before 

hourly backwashes and before daily chemical washes while the lowest values appeared after 

the washes. Values rapidly decreased right after backwash, and from there slowly moved 

upwards until after next backwash to decrease again. After every backwash, the highest value 

before next backwash was higher until the certain level was reached. During the chemical 

wash, CODCr 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 the concentrate 

did not leave the process during the chemical wash, and the analyser collected samples from 

the standing water. The first sample after the chemical wash were almost the lowest ones. 

These values were not the same every time, as the sampling did not hit the exact same time 

after every chemical wash; so to say, the lowest possible values after chemical wash or 

backwash were on the time sample was taken or near it, as the sampling interval was five 

minutes in this trial period. Turbidity stays at low levels, which seems to be constant, but 

when viewed closer it has some unsettled variation, and it might have somehow of a opposite 

behaviour than CODCr at some points (Figure 27). 

To demonstrate CODCr behaviour better, the lowest values just after the chemical washes, 

and highest values just before the backwashes were collected, and a graph was drawn based 

on them (Figure 28). This graph highlights the behaviour of the CODCr of 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. 

 



67 

 

 

Figure 28. Trial period 3.2, five days chart time, CODCr levels behaviour. 

 

As the concentrate was about five times concentrated humus-rich water, it started precipitate 

spontaneously when calibration samples were kept a couple of days to wait for the delivery 

to the laboratory (Figure 29). Vigorous shaking of the sample bottle resulted in dissolution 

of the precipitates. 

 

 

Figure 29. Trial period 3.2 nanopilot concentrate calibration sample n:o 69, which started to 

precipitate spontaneously. 

 

From this sampling point three calibration samples, one water quality sample, and two 

characterisation samples were collected. 
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Laboratory analysed water quality results in detail are presented in Appendix 12 Tables 16 

ï 17. Characterisation (TOC) was done from a sample from this sampling point, results in 

detail are presented in Appendix 12 Table 18. 

Water quality test results reflect the water being concentrated lake water. Test results had 

high CODMn (46 mg/L), high CODCr (120 mg/L) low turbidity (4.7 FTU), very low BOD7 

(< 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: NO2
- was 0.020 mg/L (required maximum 

0.50 mg/L if the water was for human consumption), NH4
+ was 0.10 mg/L (recommended 

maximum 0.50 mg/L) and NO3
- was 0.16 mg/L (required maximum 50 mg/L) (Appendix 12 

Table 16, S 74). Some of the metal elements were under detection limits and aluminium, 

iron, manganese, sulphur 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 for human consumption (Appendix 12 Table 17, S 72). 

Characterisation results qualitatively reflect the lake water profile, being pure, oligotrophic, 

soft brown lake water, high in humic substances (Appendix 12 Table 18). 

This kind of monitoring was again a place where Optoseven FSA-CT1000 functioned well 

and gave interesting data. 

4.6.3  Trial period 3.3 nanofiltration pilot influent 

Trial period 3.3 nanopilot influent started on Monday 28.8.2023 and lasted less than two full 

days, only to see if the influent water was as uniform as it was assumed to be. Optoseven 

FSA-CT1000 collected samples in ten minutes interval for this trial period. Trial period 3.3 

and the experimental work of this study ended on Wednesday 30.8.2023 in the morning after 

the last water quality sample collection. 

For this trial period both CODMn and CODCr calibration samples were successful so the 

results were possible to calibrate referred to both. Calibration for the data collected during 

trial period 3.3 nanofiltration influent was done with the second method presented in chapter 

4.2 and resulted in coefficients 0.06, 0.16 and 0.25 to CODMn, CODCr and turbidity, 

respectively. Screenshots of the procedures are presented in Appendix 15 Figures 16 ï 18. 
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Laboratory analysed results used in calibration are presented in Appendix 12 Table 15: S 77, 

S 80. 

A repeating drop in the COD results appeared, and as it was appearing every three hours, 

and always to the next analyse after the background liquid sequence, it was clear that it was 

an error caused by background liquid, as background liquid was cleaner than the analysed 

water (Figure 30). Sample line clearing pushed background liquid back to the can, and the 

can was too large compared to the water flow in this case, as the water flow was not high 

enough to sweep away the background liquid from the can before the sampling started. This 

was handled by removing the sample line air cleaning before sampling from the sampling 

sequence. From Figure 31 this error is deleted. This particular error had no similar, strong 

and visible effect to turbidity results. When this kind of errors occur, changes in sampling 

must be taken into consideration. In this case, the sampling could have been taken from a 

bended sample hose like in pre-trial period 0 with tap water (Figure 4 in Chapter 3.1). If this 

trial period 3.3 had been longer, bended hose sampling would have been tested. 

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, CODCr values were roughly 2.5 times the CODMn values. 

 

 

Figure 30. Trial period 3.3, two days chart time, CODMn, CODCr and turbidity results with 

error visible. 
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Figure 31. Trial period 3.3, two days char time, CODMn, CODCr and turbidity results. 

 

In this trial period 3.3, ten minutes sampling interval was suitable. In Figure 31 three events 

are visible in otherwise a very flat graphs. First one is in CODMn and CODCr graphs, which 

have a peak, second is in turbidity, which has first a peak and thirdly after that, slight 

decrease in results. These lasted about one and a half hours, two hours, and three hours, 

respectively. The third event in turbidity lasted for one background liquid interval time. 

From this sampling point two calibration samples, one water quality sample, and two 

characterisation samples were collected. 

Laboratory analysed water quality results in detail are presented in Appendix 12 Tables 16 

ï 17. Characterisation (TOC) was done from a sample from this sampling point, results in 

detail are presented in Appendix 12 Table 19. 

Water quality test results reflect the water being very lightly pretreated lake water. Water 

quality test results had moderate CODMn (46 mg/L), moderate CODCr (38 mg/L) low 

turbidity (2.7 FTU), very low BOD7 (< 3 mg/L), low TSS (1.2 mg/L) and moderate TDS 

(100 mg/L) (Appendix 12 Table 16, S 81). Nitrogen compounds had low concentrations: 

NO2
- was 0.014 mg/L (required maximum 0.50 mg/L if the water was for human 

consumption), NH4
+ was 0.063 mg/L (recommended maximum 0.50 mg/L) and NO3

- was 

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, manganese, sulphur, 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). Characterisation 

results in qualitatively reflect the lake water profile, being pure, oligotrophic, soft brown 

lake water, high in humic substances (Appendix 12 Table 19). 
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In this kind of water flow Optoseven FSA-CT1000 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, depending on the presumptive behaviour of the water. 
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5  Conclusions 

The Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser was tested with both 

near ends of water purity line, with tap water and municipal waste water. Though the raw 

waste water was not near the possible measuring range upper edge of the analyser, it proved 

to be useful at both these tested ends and performed well also in between. Measure interval 

was possible to set as low as five minutes, and it would probably have been possible to set 

even more frequent if needed. There were extremely low number of problems caused by the 

device itself. Most of the problems were due to user errors, as in trial period 1.2 WWTP 

pretreated waste water, where the problem was wrong background liquid/cleaning agent, and 

in trial period 2 at a fish farm, where problems were wrong background liquid or background 

liquid flow. In trial period 1.2 WWTP pretreated waste water, following the sample cell 

cleanliness signal revealed the need to change the cleaning agent, as the first selected did not 

work well. 

Optoseven FSA-CT1000 proved to be a powerful tool in finding peaks and valleys of values 

of defined parameters in water flow; in this study them being chemical oxygen demand 

(COD) and turbidity. Unexpected or previously unknown behaviour were noticed even from 

non-calibrated results, and when calibrated to the right levels, they could be analysed further. 

If attached to process control Optoseven FSA-CT1000 measurements would be easily 

displayed in real time, and even if not attached to display device, values can be retrieved, 

and graphs can be drawn almost in real time. If the analyser is attached to produce 

information to a process control system, in most of the process control systems combinations 

of the parameters can be done with all graphs produced by the system to view the possible 

correlations or causalisation between parameters. 

Collection of calibration samples was not possible to plan precisely beforehand, as the 

behaviour of the water flow and hence the parameters were not 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 FSA-CT1000 in extremely short study periods may not be high 

if  calibrated results are needed rapidly. This strongly depends on the speed of analysis of the 

calibration samples in the laboratory, but as many laboratories have a possibility for one-day 
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delivery for results, analyser would definitely be possible to calibrate in two or three days. 

Nevertheless, a very short calibration sample collection period can lead to an elevated risk 

of inaccurate calibration results, if no variation in calibration samples can be achieved. In 

general for 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 factors are present 

and must 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 collected and 

analysed, the less one sample affects the result. 

Uncertainty factors in calibration sample collecting and calibrating are numerous. In addition 

to usual error interferences in sampling (chapter 2.1 Water quality monitoring), calibration 

sample taken in wrong time is 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 points in sampling for calibration could be a topic of further discussion, as all of 

them have not been covered in this study focusing on just short-term usability. Also the error 

effect in calibration, results, and other factors would be an interesting discussion, for 

example if  the possible error is directly proportional or is it repeated or is 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 of trial period 2.1 fish farm flotation effluent (Chapters 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 not clean enough 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 to the right 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 heavily upon time. Problems with non-predictable water quality can 

also be solved with differentiated background liquid and cleaning agent, so the calibration is 

done with ion-exchanged water and cleaning agent can be chosen to be effective enough for 

the water. 
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Sampling interval decisions when using Optoseven FSA-CT1000 is one of the main initial 

settings 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 4). In trial period 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 Figures 20 ï 22). If the added value 

with adjusting the initial settings was seeked, it would be a full topic of its own for a study. 

The background liquid/cleaning agent interval time in this study was set to hours and was 

adjusted during the trial period only in trial period 1.2 WWTP pretreated waste water 

(Chapters 3.2 and 4.4.2). 

Monitoring over a process unit with Optoseven FSA-CT1000 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, adjustments for the device 

sampling system would be needed; installations for this are provided by the manufacturer 

(Optoseven Oy 2024a). 

Water quality test results gave a wide perspective of parameters to different waters 

monitored with Optoseven FSA-CT1000. Most of the laboratory results were as anticipated 

and reflected the waters in question. In Appendix 12 all the water quality test results are 

presented with the information of maximum limit requirements and recommendations if the 

water was for human consumption. If the 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 a nanofiltration pilot (results in Chapter 4.6) some of the water quality 

test results were not behaving as expected (Appendix 12 Table 16 ï 17), as the concentrate 

results should have been around five-fold compared to the influent results. This might have 

been a result of membrane fouling with the metals and solids, but it was not verified. And as 

the water quality test samples in trial period 3 were not collected in order of influent and a 

little bit later concentrate/permeate, the results may not be straightly comparable though the 

influent flow was very steady in COD and turbidity. 

Representative sample collection for water quality test from trial period 2 was a bit of 

problematic and despite the efforts the highest COD/turbidity peaks were not able to catch 
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for the comparison as a maximum concentrate influent of the flotation process unit. The 

reduction series sampling was to try to find out the effectiveness of the process part, but it 

turned out that the used sampling did not give accurate 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 FSA-CT1000 and simultaneous composite 

sample collected over same time period and analysed in laboratory. 

In this study no microbial tests were done, so no comparison with microbial activity between 

COD or turbidity could not been drawn at any level. The water quality test results in turn 

gave a wide range of water parameters related to nutrients usable for microbes, so from that 

perspective the water quality could be evaluated.  

Usability of COD or turbidity or both as only parameters studied from water meant to reuse 

may not be high, but as every waste water or used water are different, they might be the 

parameters to study for to decide if, or what more analyses are needed. For further 

discussions and studies, the usability of the Optoseven FSA-CT1000 for example in batch 

processes could be a fruitful  topic, as COD analysis could be used as indicative analysis for 

other analyses needed from a batch. As mentioned before, the product safety in recirculating 

water may be a concern (Meneses et al. 2017, 7), and especially in heavily contaminated 

waters COD or turbidity would not be enough to ensure the water purity or cleanliness from 

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 water, clear daily variation in CODCr levels was 

noticeable (Chapter 4.4.2 Figure 17). In this study was 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 as Optoseven FSA-CT1000 was measuring only one sampling point 

at a time, there are no 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. CODCr can have low values near the 

detection limit, and CODMn can have high values when measured from more contaminated 

water. CODCr is used mostly for heavily contaminated water, for example before and after 

WWTPôs, but with less contaminated waters CODMn can be used, and they are not 

comparable to each other, unless they are both measured from the exact same water. This 
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can be verified from results in trial period 2.2 fish farm flotation influent without chemicals 

(Chapter 4.5.2) and trial period 3.3 nanofiltration pilot influent (Chapter 4.6.3), in which the 

CODCr levels were 8.5-fold and 2.5-fold compared to CODMn values, respectively. In 

addition to this statement, in trial period 3.1 nanofiltration permeate (Chapter 4.6.1), the 

results would have been able to calibrate also to CODCr, if calibration samples from trial 

periods 3.2 and 3.3 were used, and in trial period 3.2 nanofiltration concentrate (Chapter 

4.6.2) the results would have been able to calibrate to CODMn if calibration samples from 

trial periods 3.1 and 3.3 were used, as all the three waters were same water in different states 

(Appendix 12 Tables 14 ï 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 higher, turbidity also goes higher. Except that in trial 

period 1.2 WWTP pretreated waste water (Chapters 3.2 and 4.4.2) and trial period 3.2 

nanofiltration pilot concentrate (Chapters 3.4 and 4.6.2) the results graphs show that in some 

points the COD and turbidity do not behave as such. In WWTP pretreated waste water it 

seems that the CODCr and turbidity seem to behave oppositely in more 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 than CODCr (Chapter 

4.6.2 Figure 27). In future studies the data obtained in this study could be analysed for 

correspondences or causalities, as in this study it was not the main objective of the study. 

In distractions for standard laboratory measurements for CODCr and CODMn, iron(II), 

chloride, nitrite, sulphur dioxide and hydrogen sulphide are mentioned (SFS 5504:1988, 1 ï 

2; SFS 3036:1981, 2). These inorganics should increase the result if they are oxidised during 

the process, so the results of CODCr below detection limit in calibration samples from trial 

period 2.3 fish farm flotation influent with chemicals (Chapter 4.5.3) have no explanation in 

Finnish standard methods, as the added chemical was polyaluminum chloride coagulant. To 

find out if 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 FSA-CT1000 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 calibration of the 
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analyser is done. Further to the monitoring itself only periodical maintenance and 

background liquid addition is needed if no errors occur. 

When using Optoseven FSA-CT1000 as 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 hoses to 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 tubes on places, various 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 case something 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 pre-trial and three trial locations divided to eight sampling points, thus having 

in total nine sampling points. Minimum of two calibration samples from every sampling 

point were collected. A wide range of water quality tests were done, and results from them 

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

Table 1. Water characteristics. 

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

Physical Chemical Microb iological 

Temperature #1 #3 pH #1 #3 Eukaryotic microbes: 

Protozoa #1 #3 

Helminths #3 

Fungi #3 

Algae #1 #3 

Electrical conductivity 

(EC, ů) #1 

Alkalinity #1 #3 

Turbidity #1 #3 Acidity #1 

Total solids #1 Total organic carbon (TOC) #3 

Colour #1 #3 Chemical oxygen demand (COD) 

#1 #3 

Bacteria #1 #3 

Odour #1 #3 Biochemical oxygen demand 

(BOD) #1 #3 

Archaea #3 

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

 Nitrogen #1 #3  

 Phosphorus #3  

 Hardness #1  

 Heavy metals #2  

 Oils and grease #3  

 Pesticides, herbicides #2  

 Radioactive substances #1  

 Chlorides #1 #3  

 Fluoride #1  

 Sulphate #1  

References 

#1 Hassan Omer (2020, 2) 

#2 Hämäläinen, Moilanen, Hokajärvi, Pitkänen, Meriläinen & Miettinen (2018, 12 ï 14) 

#3 Sperling (2007, 30 ï 32) 

 



 

 

Appendix 2. Water sample types. 

Table 1. Water sample types. 

Sample type Description Reference 

Spot sample Representative of the water quality 

at the specific time and place at 

which it is taken. 

(SFS-EN ISO 5667-1:2023, 

25) 

Composite sample Several samples, taken continuously 

manually or automatically and put 

together. Represents the average of 

samples taken. 

(SFS-EN ISO 5667-1:2023, 

26) 

Periodic samples Samples taken at periodic intervals 

of different variables. 

(SFS-EN ISO 5667-1:2023, 

25) 

Continuous 

samples 

Samples taken are bound to flow 

rates, with different variables. 

(SFS-EN ISO 5667-1:2023, 

26) 

Series samples Number of samples taken for 

example from one lake from 

different locations or various depths 

from one location. 

(SFS-EN ISO 5667-1:2023, 

26) 

Duplicate 

(or parallel) 

sample 

Quality control sample. To indicate 

uncertainty of sampling. From 

duplicates sampling and sample 

handling effect to overall random 

error can be checked. 

(Hildebrandt, Lacorte, & 

Barceló 2006, 1080) 

Sub sample Part of a sample.  

Field blank Quality control sample. Sample 

taken from pure water as it was the 

actual sample, with same equipment, 

then treated and analysed as it was 

the actual sample. Can be used as 

routine check for contamination. 

(Hildebrandt et al. 2006, 

1080) 
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Appendix 3. Samples collected and analysed with Optoseven FSA-CT1000 UV COD and 

Turbidity Liquid Analyser. 

When two different times for one sample are given, the time without brackets is the time 

Optoseven FSA-CT1000 has analysed the sample, and in brackets is the original time the 

sample is manually collected. For example sample 1882 has time 12:20 [09:15]; Optoseven 

FSA-CT1000 analysed sample in time 12:20 and the actual time the sample was collected 

was 09:15. Also samples belonging to the reduction series in fish farm trial period were 

collected to find out the efficiency of the flotation process; parameters analysed in laboratory 

were either water quality test set or smaller set with phosphorus, nitrogen, solids, COD and 

turbidity set. With the settings used in this study, amount of sample the analyser collected 

and used during the analysis was about 60 ml per analysis. 

Table 1. Samples collected and analysed with Optoseven FSA-CT1000. 

Samples Date Time Object Trial  

1-5 13.6.2023  Test samples Tap water 0 

6-110 13.-15.6.2023  Samples Tap water 0 

6 13.6.2023 11:50 Calibration sample 1 Tap water 0 

111-242 16.-19.6.2023  Samples Tap water 0 

242 19.6.2023 10:00 Calibration sample 2 

Clearing sample line 

Tap water 0 

243-246 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 

Characterisation samples 4-5 

Nivos 1.1 

339 21.6.2023 12:48 Calibration sample 7 Nivos 1.1 

579 26.6.2023 12:48 Calibration sample 8 Nivos 1.1 

580-956 26.6.-4.7.2023  Samples Nivos 1.2 

580-582 26.6.2023  Test samples Nivos 1.2 

583 26.6.2023 15:55 Calibration sample 9 

Characterisation samples 10-11 

Nivos 1.2 

Table continues on page 2.  
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Table continues from page 1. 

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 

957-959 6.7.2023  Test samples, cleaning [Cleaning] 

960-1009 6.-7.7.2023  Samples Fish farm 2.1 

965 6.7.2023 15:03 Calibration sample 16 

Characterisation samples 17-18 

Fish farm 2.1 

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 

1010-1885 7.-25.7.2023  Samples 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 

[09:15] 

Water quality sample 27 

Calibration sample 27 

[Reduction series 1] 

Fish farm 2.1 

1883 25.7.2023 12:22 

[10:00] 

Calibration sample 29 

[Reduction series 2] 

Fish farm 2.1 

1884 25.7.2023 12:24 

[11:15] 

Calibration sample 31 

[Reduction series 3] 

Fish farm 2.1 

1885 25.7.2023 12:25 

[12:00] 

Water quality sample 33 

Calibration sample 33 

[Reduction series 4] 

Fish farm 2.1 

1886-3402 25.7.-.8.2023  Samples Fish farm 2.2 

1886 25.7.2023 12:33 

[08:50] 

Water quality sample 26 

Calibration sample 26 

[Reduction series 1] 

Fish farm 2.2 

Table continues on page 3.  
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Table continues from page 2. 

Samples Date Time Object Trial  

1887 25.7.2023 12:35 

[09:30] 

Calibration sample 28 

[Reduction series 2] 

Fish farm 2.2 

1888 25.7.2023 12:37 

[10:45] 

Calibration sample 30 

[Reduction series 3] 

Fish farm 2.2 

1889 25.7.2023 12:39 

[11:30] 

Water quality sample 32 

Calibration sample 32 

[Reduction series 4] 

Fish farm 2.2 

2282 31.7.2023 14:36 Calibration sample 34 Fish farm 2.2 

3380 4.8.2023 10:20 Calibration sample 35 

[Reduction series 5] 

Fish farm 2.2 

3403 4.8.2023 10:27 Calibration sample 36 

[Reduction series 5] 

Fish farm 2.1 

3404 4.8.2023 10:40 Calibration sample 37 

[Reduction series 5] 

Fish farm 2.1 

3405 4.8.2023 10:57 Calibration sample 38 

[Reduction series 5] 

Fish farm 2.1 

3406-5104 4.-10.8.2023  Samples 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 

Characterisation samples 42-43 

Fish farm 2.3 

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 

[Reduction series 6] 

Fish farm 2.3 

5105 10.8.2023 14:26 

[13:41] 

Calibration sample 50 

[Reduction series 6] 

Fish farm 2.1 

5106 10.8.2023 14:28 

[13:56] 

Calibration sample 51 

[Reduction series 6] 

Fish farm 2.1 

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

Samples Date Time Object Trial  

5107 10.8.2023 14:32 Characterisation samples 52-53 

Calibration sample 54 

Fish farm 2.2 

5108 10.8.2023 15:17 Clearing sample line [Clearing] 

5109-5114 11.8.2023  Demonstrations, test hall  

5115-5127 15.8.2023  Test samples Nanofiltration 

3.1 

5128-7107 15.-22.8.2023  Samples 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 

Water quality sample without 

metal elements 57 

Metal elements 58 

Characterisation samples 59-60 

Calibration sample 61 

Nanofiltration 

3.1 

6876 21.8.2023 16:06 Calibration sample 62 Nanofiltration 

3.1 

7107 22.8.2023 11:21 5-liter sample 63, divided to 

Calibration sample 64 

Metal elements 65 

Water quality sample without 

metal elements 66 

Characterisation samples 67-68 

Nanofiltration 

3.1 

7108-7123 22.8.2023  Test samples Nanofiltration 

3.2 

7124-8797 22.-28.8.2023  Samples Nanofiltration 

3.2 

Table continues on page 5.  
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Table continues from page 4. 

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 

Metal elements 72 

Calibration sample 73 

Water quality sample without 

metal elements 74 

Characterisation samples 75-76 

Nanofiltration 

3.2 

8798-9071 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 78 divided to 

Metal elements 79 

Calibration sample 80 

Water quality sample without 

metal elements 81 

Characterisation samples 82-83 

Nanofiltration 

3.3 

9072-9076 30.8.2023  Cleaning, clearing sample line [Cleaning] 

End of Table. 

 

 

 



 

 

Appendix 4. Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser operational 

settings per trial period. 

Table 1. Optoseven FSA-CT1000 operational settings per trial period. 

Trial  period Background 

liquid /cleaning 

agent 

Interval  time Time period inside the trial 

period, when interval was in 

use 
Sample 

Back-

ground 

Tap water 

pre-trial 0 

DI battery 

water 
30 min 6 h 

13.6.23 12:28 ï 15.6.23 14:24 

16.6.23 15:59 ï 19.6.23 09:26 

Nivos WWTP 1.1 Citric acid 30 min 6 h 19.6.23 14:48 ï 26.6.23 12:48 

Nivos WWTP 1.2 
Citric acid 30 min 6 h 26.6.23 15:55 ï 30.6.23 12:26 

Lye 30 min 3 h 30.6.23 13:09 ï 4.7.23 10:09 

Fish farm 

flotation 2.1 

Citric acid 30 min 6 h 6.7.23 15:03 ï 7.7.23 12:33 

RO water 30 min 6 h 
7.7.23 13:39 ï 10.7.23 11:09 

10.7.23 13:45 ï 25.7.23 07:45 

Fish farm 

flotation 2.2 

RO water 30 min 3 h 25.7.23 13:21 ï 28.7.23 12:21 

RO water 20 min 3 h 28.7.23 13:54 ï 31.7.23 11:54 

RO water 5 min 3 h 31.7.23 12:11 ï 4.8.23 12:10 

Fish farm 

flotation 2.3 
Citric acid 5 min 3 h 

4.8.23 13:31 ï 7.8.23 08:56 

7.8.23 09:46 ï 8.8.23 09:36 

8.8.23 11:51 ï 10.8.23 14:01 

Nanofiltration 3.1 DI water 5 min 3 h 15.8.23 14:19 ï 22.8.23 11:21 

Nanofiltration 3.2 Citric acid 5 min 3 h 22.8.23 13:51 ï 28.8.23 08:12 

Nanofiltration 3.3 Citric acid 10 min 3 h 28.8.23 13:03 ï 30.8.23 09:53 

 

See Appendix 5 for definitions of background liquids. 

 



 

 

Appendix 5. Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser 

background liquids used per trial period. 

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

order. With the settings used in this study, background liquid dosage was about 40 ml. 

 

Table 1. Optoseven FSA-CT1000 background liquids/cleaning agents used per trial period. 

Background liquid / 

cleaning agent 

 

Features 

 

Used in trial period:  

NaOH/lye solution, 

with commercial drain 

cleaner 

9 % by weight of lye made to tap 

water. 
Nivos WWTP 1.2 

Citric acid solution, 

with food quality 

citric acid 

7 % by weight of citric acid made 

to tap water. 

Nivos WWTP 1.1 

Nivos WWTP 1.2 fail #1  

Fish farm 2.1 fail #2 

Fish farm 2.3 fail #3 

6,5 % by weight of citric acid made 

to RO-water* . 
Fish farm 2.3 

6,6 % by weight of citric acid made 

to RO-water* . 

Nanofiltration 3.2 

Nanofiltration 3.3 

RO water Conductivity < 10 ɛS/cm* 
Fish farm 2.1 

Fish farm 2.2 

DI water 
Commercial battery water Tap water pre-trial 0 

Conductivity 0.055 ɛS/cm* Nanofiltration 3.1 

#1 Citric acid did not efficiently clean Optoseven FSA-CT1000. 

#2 Analysed water was cleaner than citric acid solution. 

#3 Microbial growth implied the need to replace the background liquid. 

* LaboStar PRO TWF DI 

 



 

 

Appendix 6. Figure of Optoseven FSA-CT1000 UV COD and Turbidity Liquid Analyser 

in transfer condition. 

Figure presents Optoseven FSA-CT1000 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. 

 

Figure 1. Optoseven FSA-CT1000 in transfer condition. 
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Appendix 7. Figures of sampling installations in fish farm trial periods 2.1 flotation 

effluent, 2.2 flotation influent without chemicals, and 2.3 flotation influent with chemicals. 

Figure 1 below presents the installation of Optoseven FSA-CT1000 UV COD and Turbidity 

Liquid Analyser in trial period 2.1 flotation effluent. Blue 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 Figure 2 where blue 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 analyser in Figure 1. 

 

Figure 1. Optoseven FSA-CT1000 installation in trial period 2.1 fish farm flotation effluent. 

 

 

Figure 2. Sample tube installation in trial period 2.1 fish farm flotation effluent. 
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Figure 3 below presents the installation of the analyser in trial period 2.2 flotation influent 

without chemicals. In Figure 3 green arrow points to the sample tube, orange arrow points 

to the discharge hose led to flotation tank, and yellow arrow points to the hose attached to 

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

 

Figure 3. Optoseven FSA-CT1000 installation in trial period 2.2 fish farm flotation influent 

without chemicals. 
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The hose marked with yellow arrow in Figure 3 was led to the mixing tank cover and to the 

can installation, which is presented in Figure 4 below, 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 in the can. This removes the pressure from the water flow, as the Optoseven 

FSA-CT1000 used in this study could not handle pressure in sample water. 

 

 

Figure 4. Can application installation in trial period 2.2 fish farm flotation influent without 

chemicals. 
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For trial period 2.3 flotation influent with chemicals, Optoseven FSA-CT1000 was not 

moved, and the sample tube was led to the mixing tank. Figure 5 below presents the sampling 

installation, blue arrow points to the aluminium protection tube and green arrow points to 

the sample tube. 

 

 

Figure 5. Sample tube installation from mixing tank in trial period 2.3 fish farm flotation 

influent with chemicals. 
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Appendix 8. Figures of sampling installations in nanofiltration trial periods 3.1 

nanofiltration pilot permeate, 3.2 nanofiltration pilot concentrate, and 3.3 nanofiltration 

pilot influent. 

Figure 1 presents the installation of Optoseven FSA-CT1000 UV COD and Turbidity Liquid 

Analyser on trial periods 3.1 nanopilot permeate and 3.2 nanopilot concentrate. It was 

installed near the permeate and concentrate discharge hoses. 

 

Figure 1. Optoseven FSA-CT1000 installation in trial periods 3.1 nanofiltration pilot 

permeate and 3.2. nanofiltration pilot concentrate. 
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Figure 2 below presents trial periods 3.1 and 3.2 can installations. From left to right close 

picture permeate monitoring, concentrate monitoring large picture and concentrate 

monitoring closer picture. Figure 3 presents the installation in trial period 3.3 nanofiltration 

pilot influent. 

 

Figure 2. Can installations in trial periods 3.1 nanofiltration pilot permeate and 3.2. 

nanofiltration pilot concentrate. 

 

 

Figure 3. Optoseven FSA-CT1000 installation in trial period 3.3 nanofiltration pilot influent. 
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Appendix 9. Manually collected samples during the study. 

From samples 1 to 22 the calibration analysis with Optoseven FSA-CT1000 UV COD and 

Turbidity Liquid Analyser was done from the water flow, and a spot sample was grabbed at 

the time Optoseven FSA-CT1000 was collecting the sample. 

From sample 23 onwards the calibration analysis with Optoseven FSA-CT1000 was done 

from the sample water grabbed to sample bottle. 

Laboratories used in analyses for manually collected samples: 

A = Laboratory in Southern Finland 

B = Laboratory in Finland, several locations 

C = Laboratory in Germany 

 

Object of sampling: 

Calibration  Calibrate Optoseven FSA-CT1000 for COD and turbidity 

Characterisation COD characterisation 

Reduction series When only mention, tests done: total suspended solids (TSS), 

phosphorus, nitrogen, CODCr and/or CODMn, turbidity 

Water quality Laboratory analyses, see Appendix 10. 

 

Table 1. Manually collected samples during pre-trial 0 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 CODMn, 

turbidity 

2 19.6.2023 10:00 1 A Spot Calibration CODMn, 

turbidity 
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Table 2. Manually collected samples during trial period 1.1 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 CODCr, 

turbidity 

4 19.6.2023 14:48 0.05 ï Spot Characterisation Not tested 

5 19.6.2023 14:48 0.05 ï Spot Characterisation 

duplicate 

Not tested 

6 21.6.2023 ï 4 A Composite Water quality Appendix 10. 

7 21.6.2023 12:48 1 A Spot Calibration CODCr, 

turbidity 

8 26.6.2023 12:48 1 A Spot Calibration CODCr, 

turbidity 

 

Table 3. Manually collected samples during trial period 1.2 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 CODCr, 

turbidity 

10 26.6.2023 15:55 0.05 C Spot Characterisation Characterisation 

11 26.6.2023 15:55 0.05 ï Spot Characterisation 

duplicate 

Not tested 

12 29.6.2023 10:40 1 ï Spot Calibration Not tested 

13 30.6.2023 12:26 1 A Spot Calibration CODCr, 

turbidity 

14 4.7.2023 ï 4 A Composite Water quality Appendix 10. 

15 4.7.2023 10:09 1 A Spot Calibration CODCr, 

turbidity 
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Table 4. Manually collected samples during trial period 2.1 fish farm waste water treatment 

flotation effluent. 

 Trial period 2.1 fish farm waste water treatment flotation effluent 

N:o Day Time Liter Lab Type Object Tests 

16 6.7.2023 15:03 1 A Spot Calibration CODCr, CODMn, 

turbidity 

17 6.7.2023 15:03 0.05 ï Spot Characterisation Not tested 

18 6.7.2023 15:03 0.05 ï Spot Characterisation 

duplicate 

Not tested 

19 7.7.2023 12:33 1 A Spot Calibration CODCr, CODMn, 

turbidity 

20 7.7.2023 12:45 1 A Spot Calibration CODCr, CODMn, 

turbidity 

21 7.7.2023 13:39 1 A Spot Calibration CODCr, CODMn, 

turbidity 

22 10.7.2023 13:45 1 A Spot Calibration CODCr, CODMn, 

turbidity 

23 14.7.2023 09:15 1 A Spot Calibration CODCr, CODMn, 

turbidity 

24 14.7.2023 09:45 1 A Spot Calibration CODCr, CODMn, 

turbidity 

25 14.7.2023 12:15 1 A Spot Calibration CODCr, CODMn, 

turbidity 

27 25.7.2023 09:15 5 A Spot Water quality, 

calibration, 

reduction series 

Appendix 10. 

29 25.7.2023 10:00 1 A Spot Calibration, 

reduction series 

CODCr, CODMn, 

turbidity 

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

N:o Day Time Liter Lab Type Object Tests 

31 25.7.2023 11:15 1 A Spot Calibration, 

reduction series 

CODCr, CODMn, 

turbidity 

33 25.7.2023 12:00 5 A Spot Water quality, 

calibration, 

reduction series 

Appendix 10. 

36 4.8.2023 10:27 1 A Spot Reduction series See App. page 1 

37 4.8.2023 10:40 1 A Spot Reduction series See App. page 1 

38 4.8.2023 10:57 1 A Spot Reduction series See App. page 1 

50 10.8.2023 13:41 1 A Spot Reduction series See App. page 1 

51 10.8.2023 13:56 1 A Spot Reduction series See App. page 1 

End of Table. 
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Table 5. Manually collected samples during trial period 2.2 fish farm waste water treatment 

flotation influent without chemicals. 

 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, 

calibration, 

reduction series 

Appendix 10. 

28 25.7.2023 09:30 1 A Spot Calibration, 

reduction series 

CODCr, CODMn, 

turbidity 

30 25.7.2023 10:45 1 A Spot Calibration, 

reduction series 

CODCr, CODMn, 

turbidity 

32 25.7.2023 11:30 5 A Spot Water quality, 

calibration, 

reduction series 

Appendix 10. 

34 31.7.2023 14:36 1 A Spot Calibration CODCr, 

turbidity 

35 4.8.2023 10:20 1 A Spot Reduction series See App. page 1 

39 4.8.2023 14:05 1 ï Spot ï Not tested 

52 10.8.2023 14:32 0.05 C Spot Characterisation Characterisation 

53 10.8.2023 14:32 0.05 ï Spot Characterisation 

duplicate 

Not tested 

54 10.8.2023 14:32 1 A Spot Calibration CODCr, CODMn, 

turbidity 

 

  



6(9) 

 

Table 6. Manually collected samples during trial period 2.3 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, CODMn, 

turbidity 

41 7.8.2023 09:56 1 A Spot Calibration CODCr, CODMn, 

turbidity 

42 7.8.2023 09:56 0.05 ï Spot Characterisation Not tested 

43 7.8.2023 09:56 0.05 ï Spot Characterisation 

duplicate 

Not tested 

45 8.8.2023 09:36 1 A Spot Calibration CODCr, CODMn, 

turbidity 

46 8.8.2023 11:56 1 A Spot Calibration CODCr, CODMn, 

turbidity 

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

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

 

Table 7. Other manually collected samples during trial period 2. 

 Trial period 2  other samples 

N:o Day Time Liter Lab Object Tests 

44 7.8.2023 16:30 0.01 ï Citric acid background liquid 

grab sample from canister 

Microscoped 

47 8.8.2023 15:00 0.3 ï Citric acid background liquid 

grab sample from canister 

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

 Trial period 3.1 nanofiltration pilot permeate 

N:o Day Time Liter Lab Type Object Tests 

55 17.8.2023 10:20 1 A Spot Calibration CODCr, CODMn, 

turbidity 

56 17.8.2023 10:30 5 ï Spot Split into samples 57, 58, 59, 60, 61 

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 ï Spot Characterisation Not tested 

60 17.8.2023 10:30 0.05 ï Spot Characterisation 

duplicate 

Not tested 

61 17.8.2023 10:30 0.5 A Spot Calibration CODCr, CODMn, 

turbidity 

62 21.8.2023 16:06 1 A Spot Calibration CODCr, CODMn, 

turbidity 

63 22.8.2023 11:21 5 ï Spot Split into samples 64, 65, 66, 67, 68 

64 22.8.2023 11:21 1 A Spot Calibration CODCr, CODMn, 

turbidity 

65 22.8.2023 11:21 0.5 A Spot Water quality Metal elements 

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

67 22.8.2023 11:21 0.05 ï Spot Characterisation Not tested 

68 22.8.2023 11:21 0.05 ï Spot Characterisation 

duplicate 

Not tested 
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Table 9. Manually collected samples during trial period 3.2 nanofiltration 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 CODCr, 

turbidity 

70 28.8.2023 11:50 1 A Spot Calibration CODCr, 

turbidity 

71 28.8.2023 12:00 5 ï Spot Split into samples 72, 73, 74, 75, 76 

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

73 28.8.2023 12:00 1 A Spot Calibration CODCr, 

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 Characterisation Characterisation 

76 28.8.2023 12:00 0.05 ï Spot Characterisation 

duplicate 

Not tested 
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Table 10. Manually collected samples during trial period 3.3 nanofiltration pilot influent. 

 Trial period 3.3 nanofiltration pilot influent  

N:o Day Time Liter Lab Type Object Tests 

77 30.8.2023 09:43 1 A Spot Calibration CODCr, 

turbidity 

78 30.8.2023 09:53 5 ï Spot Split into samples 79, 80, 81, 82, 83 

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

80 30.8.2023 09:53 1 A Spot Calibration CODCr, 

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 Characterisation Characterisation 

83 30.8.2023 09:53 0.05 ï Spot Characterisation 

duplicate 

Not tested 
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Appendix 10. Laboratory parameters analysed to characterise water quality in the trial 

periods. 

Table 1. Laboratory parameters analysed to characterise water quality in the trial periods, 

methods, Laboratory A. 

Parameter Abb. Unit  Method MU %  

pH ï ï SFS 3021:1979 3 

Conductivity EC mS/m SFS-EN 27888:1994 5 

Turbidity  FNU SFS-EN ISO 7027-1:2016 15 

Total organic carbon TOC mg/L SFS-EN 1484:1997 25 

Biochemical oxygen 

demand 

BOD7 mg/L SFS-EN ISO 5815-1:2019:en 15 

Chemical oxygen 

demand dichromate 

CODCr mg/L ISO 15705:2002 15 

Chemical oxygen 

demand permanganate 

CODMn mg/L SFS 3036:1981 15 

Nitrate NO3
- mg/L SFS-ISO 15923-1:2018, DA 15 

Nitrite NO2
- mg/L SFS-ISO 15923-1:2018, DA 15 

Ammonium nitrogen NH4
+ mg/L SFS-ISO 15923-1:2018, DA 15 

Total nitrogen TN mg/L SFS-EN ISO 11905-1:1998 15 

Phosphate PO4
3- mg/L SFS-ISO 15923-1:2018, DA 15 

Total phosphorus TP mg/L SFS-EN ISO 6878:2004, DA 15 

Sulphate SO4
2- mg/L SFS-ISO 15923-1:2018, DA 10 

Chloride Cl- mg/L SFS-ISO 15923-1:2018, DA 10 

Total suspended solids TSS mg/L SFS-EN 872:2005 10 

Total dissolved solids TDS mg/L Included in TSS method, 

computational 

10 

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, Laboratory B. 

Parameter Abb. Unit  Method 

pH ï ï SFS 3021:1979 

Conductivity EC mS/m SFS-EN 27888:1994 

Turbidity  FTU SFS-EN ISO 7027-1:2016:en 

Total organic carbon TOC mg/L SFS-EN 1484:1997 

Biochemical oxygen 

demand 

BOD7 mg/L SFS-EN ISO 5815-1:2019 

Chemical oxygen 

demand dichromate 

CODCr mg/L ISO 15705:2002 

Chemical oxygen 

demand permanganate 

CODMn mg/L SFS 3036:1981 

Nitrate NO3
- mg/L SFS-EN ISO 13395:1997 

Nitrite NO2
- mg/L SFS-EN ISO 13395:1997 

Ammonium nitrogen NH4
+ mg/L SFS-EN ISO 11732:2005 

Total nitrogen TN mg/L ISO 29441:2010 

Phosphate PO4
3- ɛg/L SFS-EN ISO 15681-2:2005 

Total phosphorus TP ɛg/L SFS-EN ISO 15681-2:2005 

Sulphate SO4
2- mg/L SFS-EN ISO 10304-1:2009 

Chloride Cl- mg/L SFS-EN ISO 10304-1:2009 

Total suspended solids TSS mg/L SFS-EN 872:2005 

Total dissolved solids TDS mg/L SFS 3008:1990 

Abb. = Abbreviation 

Measurement uncertainties not stated in percentage. 

Methods accredited except TDS. 
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Table 3. Metal elements analysed to characterise water quality in the trial periods, methods, 

Laboratory A. 

 Element Unit  Method MU %  

Ag Silver ɛg/L SFS-EN ISO 17294-2:2016 20 

Al  Aluminium ɛg/L SFS-EN ISO 17294-2:2016 25 

As Arsenic ɛg/L SFS-EN ISO 17294-2:2016 20 

B Boron ɛg/L SFS-EN ISO 11885:2009 20 

Ba Barium ɛg/L SFS-EN ISO 11885:2009 20 

Be Beryllium ɛg/L SFS-EN ISO 11885:2009 20 

Ca Calcium mg/L SFS-EN ISO 11885:2009 20 

Cd Cadmium ɛg/L SFS-EN ISO 17294-2:2016 15 

Co Cobalt ɛg/L SFS-EN ISO 17294-2:2016 15 

Cr Chromium ɛg/L SFS-EN ISO 17294-2:2016 15 

Cu Copper ɛg/L SFS-EN ISO 17294-2:2016 20 

Fe Iron ɛg/L SFS-EN ISO 11885:2009 20 

Hg Mercury ɛg/L SFS-EN ISO 17294-2:2016 20 

K Potassium mg/L SFS-EN ISO 11885:2009 20 

Mg Magnesium mg/L SFS-EN ISO 11885:2009 20 

Mn Manganese ɛg/L SFS-EN ISO 11885:2009 20 

Mo Molybdenum ɛg/L SFS-EN ISO 17294-2:2016 15 

Na Sodium mg/L SFS-EN ISO 11885:2009 20 

Ni Nickel ɛg/L SFS-EN ISO 11885:2009 20 

P Phosphorus mg/L SFS-EN ISO 11885:2009 20 

Pb Lead ɛg/L SFS-EN ISO 11885:2009 20 

S Sulphur ɛg/L SFS-EN ISO 11885:2009 20 

Sb Antimony ɛg/L SFS-EN ISO 17294-2:2016 20 

Se Selenium ɛg/L SFS-EN ISO 17294-2:2016 25 

Si Silicon ɛg/L SFS-EN ISO 11885:2009 20 

Sn Tin ɛg/L SFS-EN ISO 17294-2:2016 20 

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

 Element Unit  Method MU %  

Sr Strontium ɛg/L SFS-EN ISO 11885:2009 20 

Ti Titanium ɛg/L SFS-EN ISO 11885:2009 20 

Tl Thallium ɛg/L SFS-EN ISO 17294-2:2016 20 

U Uranium ɛg/L SFS-EN ISO 17294-2:2016 15 

V Vanadium ɛg/L SFS-EN ISO 17294-2:2016 20 

Zn Zinc ɛg/L SFS-EN ISO 11885:2009 20 

MU = Measurement uncertainty 

All methods accredited. 

End of Table. 
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Appendix 11. Water quality parameter limits for water intended for human consumption.  

Requirements and recommendations of maximum limits for the water quality parameters 

analysed in laboratory in this study. Maximum limits for parameters are collected from 

Annex I-III of Decree 1352/2015 (Sosiaali- ja terveysministeriön asetus talousveden 

laadusta ja valvonnasta sekä rakennusten vesilaitteistojen riskienhallinnasta). 

 

Table 1. Maximum limits for water quality parameters, requirements. 

Parameter Abbreviation  Unit  Limit  Note 

Nitrate NO3
- mg/L 50 #1 

Nitrite NO2
- mg/L 0.50 #1 

Arsenic As ɛg/L 10  

Boron B mg/L 1.0  

Cadmium Cd ɛg/L 5.0  

Chromium Cr ɛg/L 50  

Copper Cu mg/L 2.0  

Mercury Hg ɛg/L 1.0  

Nickel Ni ɛg/L 20 #2 

Lead Pb ɛg/L 10 #2 

Antimony Sb ɛg/L 5.0  

Selenium Se ɛg/L 10  

Uranium U ɛg/L 30  

#1 Nitrite maximum level leaving the water treatment facility 0.10 mg/L. 

Nitrate/50+nitrite/3 <1. 

#2 Sample is taken from user tap in a way it forms a weekly average in concentration 
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Table 2. Maximum limits for water quality parameters, recommendations. 

Parameter Abbreviation  Unit  Limit  Note 

pH ï ï 6.5 ï 9.5 #1 

Conductivity EC ɛS/cm 

(mS/m 

2500 

250 

#1 

¤1) 

Turbidity   No unusual 

changes and 

acceptable 

by user 

#2 

Total organic carbon TOC (no unit 

mentioned) 

No unusual 

changes 

 

Chemical oxygen demand 

permanganate 

CODMn mg/L 5.0  

Ammonium nitrogen NH4
+ mg/L 0.50  

Sulphate SO4
2- mg/L 250 #1 #3 

Chloride Cl- mg/L 250 #1 #4 

Aluminium Al  ɛg/L 200  

Iron Fe ɛg/L 200  

Manganese Mn ɛg/L 50  

Sodium Na mg/L 200  

#1 The water must not be corrosive. 

#2 Water leaving from surface water originated water treatment facility, turbidity should 

be below 1 NTU. 

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

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

¤1 Converted to the unit laboratory used. 
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Appendix 12. Laboratory analysis results from the pre-trial period 0 and trial periods 1 ï 3. 

For details of the manual samples collected, see Appendix 9. For standard methods used to 

determine parameters in laboratories, see Appendix 10. For the details of maximum limits 

of water parameters for water intended for human consumption see Appendix 11. 

In the following tables TP = Trial Period, S = sample number (manual sample), R = 

requirement, r = recommendation. 

 

Table 1. Pre-trial period 0 with tap water, laboratory analysis results, calibration. 

Parameter TP 0 

S 1 

TP 0 

S 2 

Unit  

Turbidity 0.16 0.18 FNU 

CODMn < 0.5 0.6 mg/L 

Pre-trial period 0 with tap water 

 

Table 2. Trial period 1 Waste water treatment plant, laboratory analysis results, calibration. 

Parameter TP 1.1 

S 3 

TP 1.1 

S 7 

TP 1.1 

S 8 

TP 1.2 

S 9 

TP 1.2 

S 13 

TP 1.2 

S 15 

Unit  

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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Table 3. Trial period 1 Waste water treatment plant, laboratory analysis results, water quality 

test. 

Parameter TP 1.1 

S 6 

TP 1.2 

S 14 

Unit  Maximum 

limit  

pH 7.4 8.3  6.5 ï 9.5 (r) 

EC 93 91 mS/m 250 mS/m (r) 

Turbidity 3 160 FNU No unusual 

changes and 

acceptable by 

user (r) 

TOC 11 100 mg/L No unusual 

changes (r) 

BOD7 3.6 190 mg/L  

CODCr 26 470 mg/L  

CODMn 9.3 - mg/L 5.0 mg/L (r) 

NO3
- 38 < 0.5 mg/L 50 mg/L (R) 

NO2
- 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  

PO4
3- 0.18 3.5 mg/L  

TP 0.26 7.1 mg/L  

SO4
2- 91 58 mg/L 250 mg/L (r) 

Cl- 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 1 Waste water treatment plant, laboratory analysis results, metal 

elements. 

 Element TP 1.1 

S 6 

TP 1.2 

S 14 

Unit  Maximum 

limit  

Ag Silver < 1 < 1 ɛg/L  

Al  Aluminium 97 1 300 ɛg/L 200 ɛg/L (r) 

As Arsenic 0.2 0.5 ɛg/L 10 ɛg/L (R) 

B Boron < 30 < 30 ɛg/L 1.0 mg/L (R) 

Ba Barium 3 17 ɛg/L  

Be Beryllium < 1 < 1 ɛg/L  

Ca Calcium 74 78 mg/L  

Cd Cadmium < 0.02 0.05 ɛg/L 5.0 ɛg/L (R) 

Co Cobalt 1.4 0.43 ɛg/L  

Cr Chromium 0.92 1.7 ɛg/L 50 ɛg/L (R) 

Cu Copper 1.7 41 ɛg/L 2.0 mg/L (R) 

Fe Iron 1 300 2 500 ɛg/L 200 ɛg/L (r) 

Hg Mercury < 0.1 < 0.1 ɛg/L 1.0 ɛg/L (R) 

K Potassium 20 19 mg/L  

Mg Magnesium 8 8.1 mg/L  

Mn Manganese 210 86 ɛg/L 50 ɛg/L (r) 

Mo Molybdenum 1.7 1.1 ɛg/L  

Na Sodium 68 64 mg/L 200 mg/L (r) 

Ni Nickel 6 2.4 ɛg/L 20 ɛg/L (R) 

P Phosphorus 0.31 7.4 mg/L  

Pb Lead < 60 0.8 ɛg/L 10 ɛg/L (R) 

S Sulphur 26 000 22 000 ɛg/L  

Sb Antimony < 1 < 1 ɛg/L 5.0 ɛg/L (R) 

Se Selenium < 0.5 < 0.5 ɛg/L 10 ɛg/L (R) 

Si Silicon 7 800 9 900 ɛg/L  

Sn Tin < 1 2 ɛg/L  

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

 Element TP 1.1 

S 6 

TP 1.2 

S 14 

Unit  Maximum 

limit  

Sr Strontium 100 73 ɛg/L  

Ti Titanium < 10 26 ɛg/L  

Tl Thallium < 1 < 1 ɛg/L  

U Uranium 0.39 0.89 ɛg/L 30 ɛg/L (R) 

V Vanadium < 0.5 0.89 ɛg/L  

Zn Zinc 12 120 ɛg/L  

Trial period 1.1 WWTP discharge effluent 

Trial period 1.2 WWTP pretreated waste water 

End of Table. 

 

In Tables 5, 12, 18, and 19: 

o DOC: Dissolved organic bound carbon, determined in the LC-OCD column bypass 

after in-line 0.45 ɛm filtration 

o CDOC: Chromatographic OC 

o HOC: Hydrophobic OC (difference between DOC and CDOC) 

o NOM: Natural organic matter 

o Biopolymers: High in molecular weight, hydrophilic. 

o Humics: Quantification based on retention time, peak shape, standards. 

o Building blocks: Natural breakdown products of humics. 

o LMW acids: Low-molecular weight organic acids. 

o LMW neutrals: Low-molecular weight, weakly or uncharged compounds, 

hydrophilic or slightly hydrophobic. 

o SOM: Specific organic matter (X=retention time in min.) 

  



5(16) 

 

Table 5. Trial period 1.2 Waste water treatment plant pretreated waste water, laboratory 

analysis results, TOC-characterisation. 

Sample 10 Trial period 1.2 WWTP pretreated waste water 

DOC 35498 ppb-C 100 % DOC 

 HOC 6566 ppb-C 18.5 % DOC 

 CDOC 28926 ppb-C 81.5 % DOC 

 NOM   

 Biopolymers 2958 ppb-C 8.3 % DOC 

 Humic subst. 6915 ppb-C 19.5 % DOC 

 Building blocks 6318 ppb-C 17.8 % DOC 

 LMW acids 1966 ppb-C 5.5 % DOC 

 LMW neutrals 

including SOM 

10770 ppb-C 30.3 % DOC 

 SOM   

 X60 292 ppb-C  

 X62 < 10 ppb-C  

 X71 < 10 ppb-C  

 X73 770 ppb-C  

 X76 < 10 ppb-C  

NO3
- 1218 ppb-N  

NH4
+ > 15878 ppb-N  

Discussion; 

Laboratory 

A reduced waste water (ammonium, not nitrate) high in 

biodegradable material (X-compounds, biopolymers, 

building blocks, acids). 

 

 

  



6(16) 

 

Table 6. Trial period 2.1 at a fish farm waste water treatment, laboratory analysis results, 

collected for calibration, not used. 

Parameter TP 2.1 

S 16 

TP 2.1 

S 19 

TP 2.1 

S 20 

Unit  

Turbidity 1.6 1.6 1.7 FNU 

CODCr < 15 < 15 < 15 mg/L 

CODMn 1.9 1.5 1.7 mg/L 

Trial period 2.1 flotation effluent 

 

Table 7. Trial period 2.1 at a fish farm waste water treatment, laboratory analysis results, 

calibration. 

Parameter TP 2.1 

S 21 

TP 2.1 

S 22 

TP 2.1 

S 23 

TP 2.1 

S 24 

TP 2.1 

S 25 

TP 2.1 

S 29 

TP 2.1 

S 31 

Unit  

Turbidity 1.4 1.5 7.6 2.5 1.3 2.4 2 FNU 

CODCr < 15 < 15 < 15 < 15 < 15 < 15 < 15 mg/L 

CODMn 1.8 2.4 5.7 3.2 1.8 1.8 2 mg/L 

Trial period 2.1 flotation effluent 

 

Table 8. Trial period 2.1 at a fish farm waste water treatment, laboratory analysis results, 

reduction series; not used in calibration. 

Parameter TP 2.1 

S 36 

TP 2.1 

S 37 

TP 2.1 

S 38 

TP 2.1 

S 50 

TP 2.1 

S 51 

Unit  

Turbidity 6.6 4.5 2.7 2.9 1.9 FNU 

CODCr < 15 < 15 < 15 < 15 < 15 mg/L 

CODMn 4.8 3.4 2.6 1.8 1.9 mg/L 

TN 8 7 6.9 6.5 5.8 mg/L 

TP 0.59 0.31 0.25 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 waste water treatment, laboratory 

analysis results, water quality test, used for calibration. 

Parameter TP 2.2 

S 26 

TP 2.1 

S 27 

TP 2.2 

S 32 

TP 2.1 

S 33 

Unit  Maximum 

limit  

pH 7 6.6 7.1 6.7  6.5 ï 9.5 (r) 

EC 25 29 27 26 mS/m 250 mS/m (r) 

Turbidity 3.3 1.9 6.5 3.1 FNU No unusual 

changes and 

acceptable by 

user (r) 

TOC 7.4 2.8 2.9 2.8 mg/L No unusual 

changes (r) 

BOD7 5.2 1.6 6 2.8 mg/L  

CODCr < 15 < 15 15 < 15 mg/L  

CODMn 2.4 1.5 3.6 2.3 mg/L 5.0 mg/L (r) 

NO3
- 19 20 21 20 mg/L 50 mg/L (R) 

NO2
- 0.47 0.45 0.64 0.51 mg/L 0.50 mg/L (R) 

NH4
+ 0.38 0.32 0.25 0.3 mg/L 0.50 mg/L (r) 

TN 5.6 5.1 5.8 5.3 mg/L  

PO4
3- 0.34 0.078 0.32 0.092 mg/L  

TP 0.46 0.17 0.44 0.19 mg/L  

SO4
2- 11 10 11 10 mg/L 250 mg/L (r) 

Cl- 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 TP 2.2 

S 26 

TP 2.1 

S 27 

TP 2.2 

S 32 

TP 2.1 

S 33 

Unit  Maximum 

limit  

Ag Silver < 1 < 1 < 1 < 1 ɛg/L  

Al  Aluminium 24 1 900 58 2 000 ɛg/L 200 ɛg/L (r) 

As Arsenic 0.4 0.2 0.4 0.2 ɛg/L 10 ɛg/L (R) 

B Boron < 30 < 30 < 30 < 30 ɛg/L 1.0 mg/L (R) 

Ba Barium 7 7 9 7 ɛg/L  

Be Beryllium < 1 < 1 < 1 < 1 ɛg/L  

Ca Calcium 15 14 16 15 mg/L  

Cd Cadmium < 0.02 < 0.02 < 0.02 < 0.02 ɛg/L 5.0 ɛg/L (R) 

Co Cobalt 0.05 0.03 0.09 0.04 ɛg/L  

Cr Chromium 0.32 0.32 0.34 0.26 ɛg/L 50 ɛg/L (R) 

Cu Copper 2.8 0.7 1.8 0.8 ɛg/L 2.0 mg/L (R) 

Fe Iron 20 < 15 48 < 15 ɛg/L 200 ɛg/L (r) 

Hg Mercury < 0.1 < 0.1 < 0.1 < 0.1 ɛg/L 1.0 ɛg/L (R) 

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 ɛg/L 50 ɛg/L (r) 

Mo Molybdenum 0.8 0.8 0.8 0.7 ɛg/L  

Na Sodium 28 34 32 27 mg/L 200 mg/L (r) 

Ni Nickel 0.1 0.8 0.2 0.7 ɛg/L 20 ɛg/L (R) 

P Phosphorus 0.51 0.21 0.62 0.26 mg/L  

Pb Lead < 0.1 0.1 < 0.1 < 0.1 ɛg/L 10 ɛg/L (R) 

S Sulphur 3 900 3 800 4 600 4 200 ɛg/L  

Sb Antimony < 1 < 1 < 1 < 1 ɛg/L 5.0 ɛg/L (R) 

Se Selenium < 0.5 < 0.5 < 0.5 < 0.5 ɛg/L 10 ɛg/L (R) 

Si Silicon 8 400 8 100 8 800 8 400 ɛg/L  

Sn Tin < 1 < 1 < 1 < 1 ɛg/L  

Table continues on page 9. 

  



9(16) 

 

Table continues from page 8. 

 Element TP 2.2 

S 26 

TP 2.1 

S 27 

TP 2.2 

S 32 

TP 2.1 

S 33 

Unit  Maximum 

limit  

Sr Strontium 53 53 57 56 ɛg/L  

Ti Titanium < 10 < 10 < 10 < 10 ɛg/L  

Tl Thallium < 1 < 1 < 1 < 1 ɛg/L  

U Uranium 2.5 0.93 6.5 1.2 ɛg/L 30 ɛg/L (R) 

V Vanadium < 0.5 < 0.5 < 0.5 < 0.5 ɛg/L  

Zn Zinc 11 7 14 6 ɛg/L  

Trial period 2.1 flotation effluent 

Trial period 2.2 flotation influent without chemicals 

End of Table. 

 

Table 11. Trial period 2.2 at a fish farm waste water treatment, laboratory analysis results, 

calibration, and reduction series. 

Parameter TP 2.2 

S 28 

TP 2.2 

S 30 

TP 2.2 

S 34 

TP 2.2 

S 35 

TP 2.2 

S 54 

Unit  

Turbidity 11 4.2 55 91 3.4 FNU 

CODCr 72 < 15 160 37 < 15 mg/L 

CODMn 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 12. Trial period 2.2 at a fish farm waste water treatment, flotation influent without 

chemicals, laboratory analysis results, TOC-characterisation. 

Sample 52 Trial period 2.2 at a fish farm waste water treatment 

DOC 1588 ppb-C 100 % DOC 

 HOC 11 ppb-C 0.7 % DOC *  

 CDOC 1577 ppb-C 99.3 % DOC 

 NOM   

 Biopolymers 299 ppb-C 18.8 % DOC 

 Humic subst. 490 ppb-C 30.9 % DOC 

 Building blocks 298 ppb-C 18.8 % DOC 

 LMW acids < 1 ppb-C  

 LMW neutrals 

including SOM 

489 ppb-C 30.8 % DOC 

 SOM   

 X60 < 1 ppb-C  

 X62 24 ppb-C  

 X71 20 ppb-C  

 X73 < 1 ppb-C  

 X76 55 ppb-C  

NO3
- > 2108 ppb-N  

NH4
+ 374 ppb-N  

Discussion; 

Laboratory 

Surprisingly low in DôOC, but relatively high in 

biopolymers (high protein content), high in nitrate, 

ammonium also relatively high (fish poison!) and some 

biodegradable X-compounds, 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 

S 40 

TP 2.3 

S 41 

TP 2.3 

S 45 

TP 2.3 

S 46 

TP 2.3 

S 48 

TP 2.3 

S 49 

Unit  

Turbidity 7.6 28 5 4.3 15 23 FNU 

CODCr < 15 < 15 < 15 < 15 < 15 < 15 mg/L 

CODMn 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 

S 55 

TP 3.1 

S 61 

TP 3.1 

S 62 

TP 3.1 

S 64 

Unit  

Turbidity 0.58 0.59 0.41 0.11 FNU 

CODMn 4.9 3 5.2 0.8 mg/L 

Trial period 3.1 nanofiltration pilot permeate 

 

Table 15. Trial period 3.2 nanofiltration pilot concentrate and trial period 3.3 nanofiltration 

pilot influent, laboratory analysis results, calibration. 

Parameter TP 3.2 

S 69 

TP 3.2 

S 70 

TP 3.2 

S 73 

TP 3.3 

S 77 

TP 3.3 

S 80 

Unit  

Turbidity 6.4 5.2 4.2 2.6 2.7 FNU 

CODCr 89 100 110 38 37 mg/L 

CODMn - - - 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 pilot, laboratory analysis results, water quality 

test. 

Parameter TP 3.1 

S 57 

TP 3.2 

S 74 

TP 3.3 

S 81 

Unit  Maximum 

limit  

pH 5.03 7.08 6.86  6.5 ï 9.5 (r) 

EC 7.9 23 12 mS/m 250 mS/m (r) 

Turbidity 0.17 4.7 2.7 FTU No unusual 

changes and 

acceptable by 

user (r) 

TOC 8.9 46 15 mg/L No unusual 

changes (r) 

BOD7 11 <3 <3 mg/L  

CODCr <30 120 38 mg/L  

CODMn 11 46 17 mg/L 5.0 mg/L (r) 

NO3
- 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 1.5 0.69 mg/L  

PO4
3- <2 17 

0.017* 

8.4 

0.084* 

ɛg/L 

mg/L 

 

TP <3 79 

0.079* 

39 

0.039* 

ɛg/L 

mg/L 

 

SO4
2- 3.8 57 17 mg/L 250 mg/L (r) 

Cl- 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 3.1 nanofiltration 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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Table 17. Trial period 3 at a nanofiltration pilot, laboratory analysis results, metal elements. 

 Element TP 3.1 

S 58 

TP 3.1 

S 65 

TP 3.2 

S 72 

TP 3.3 

S 79 

Unit  Maximum 

limit  

Ag Silver < 1 < 1 < 1 < 1 ɛg/L  

Al  Aluminium 59 15 300 190 ɛg/L 200 ɛg/L (r) 

As Arsenic 0.4 0.3 1.5 0.8 ɛg/L 10 ɛg/L (R) 

B Boron < 30 < 30 < 30 < 30 ɛg/L 1.0 mg/L (R) 

Ba Barium 5 3.1 27 10 ɛg/L  

Be Beryllium < 1 < 1 < 1 < 1 ɛg/L  

Ca Calcium 2.7 3 18 7.5 mg/L  

Cd Cadmium < 0.02 < 0.02 < 0.02 < 0.02 ɛg/L 5.0 ɛg/L (R) 

Co Cobalt 0.07 < 0.03 0.67 0.33 ɛg/L  

Cr Chromium 0.25 0.13 1.4 0.6 ɛg/L 50 ɛg/L (R) 

Cu Copper < 0.2 0.2 4.9 2 ɛg/L 2.0 mg/L (R) 

Fe Iron 88 < 15 3 500 2 100 ɛg/L 200 ɛg/L (r) 

Hg Mercury < 0.1 < 0.1 < 0.1 < 0.1 ɛg/L 1.0 ɛg/L (R) 

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 ɛg/L 50 ɛg/L (r) 

Mo Molybdenum 0.5 0.3 0.5 0.4 ɛg/L  

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 ɛg/L 20 ɛg/L (R) 

P Phosphorus < 0.05 < 0.05 0.07 < 0.05 mg/L  

Pb Lead < 0.1 < 0.1 0.8 0.5 ɛg/L 10 ɛg/L (R) 

S Sulphur 1 400 1 600 19 000 6 400 ɛg/L  

Sb Antimony < 1 < 1 < 1 < 1 ɛg/L 5.0 ɛg/L (R) 

Se Selenium < 0.5 < 0.5 < 0.5 < 0.5 ɛg/L 10 ɛg/L (R) 

Si Silicon 1 300 910 1 200 1 100 ɛg/L  

Sn Tin < 1 < 1 < 1 < 1 ɛg/L  

Table continues on page 14. 
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Table continues from page 13. 

 Element TP 3.1 

S 58 

TP 3.1 

S 65 

TP 3.2 

S 72 

TP 3.3 

S 79 

Unit  Maximum 

limit  

Sr Strontium 18 20 120 48 ɛg/L  

Ti Titanium < 10 < 10 < 10 < 10 ɛg/L  

Tl Thallium < 1 < 1 < 1 < 1 ɛg/L  

U Uranium 0.03 < 0.01 0.32 0.15 ɛg/L 30 ɛg/L (R) 

V Vanadium < 0.5 < 0.5 1.2 0.7 ɛg/L  

Zn Zinc < 5 < 5 8 7 ɛg/L  

Trial period 3.1 nanofiltration pilot permeate 

Trial period 3.2 nanofiltration pilot concentrate 

Trial period 3.3 nanofiltration pilot influent 

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

characterisation. 

Sample 75 Trial period 3.2 nanofiltration pilot concentrate 

DOC 41992 ppb-C 100 % DOC 

 HOC 229 ppb-C 0.5 % DOC * 

 CDOC 41762 ppb-C 99.5 % DOC 

 NOM   

 Biopolymers 1036 ppb-C 2.5 % DOC 

 Humic subst. 30309 ppb-C 72.2 % DOC 

 Building blocks 6041 ppb-C 14.4 % DOC 

 LMW acids 198 ppb-C 0.5 % DOC 

 LMW neutrals 

including SOM 

4179 ppb-C 10.0 % DOC 

 SOM   

 X60 < 20 ppb-C  

 X62 < 20 ppb-C  

 X71 < 20 ppb-C  

 X73 < 20 ppb-C  

 X76 < 20 ppb-C  

NO3
- < 20 ppb-N  

NH4
+ 138 ppb-N  

Discussion; 

Laboratory 

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

identical. Waters reflect a ñpureò, oligotrophic, soft 

brown water lake. 

Note: Biopolymers here are NOT biopolymers but 

ñhumins = non-soluble (nanoparticles) humic matter. It 

is interesting to note that these humins seem to break 

through UF (?), at least in part. 

* significance unclear 
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Table 19. Trial period 3.3 nanofiltration pilot influent, laboratory analysis results, TOC-

characterisation. 

Sample 82 Trial period 3.3 nanofiltration pilot influent  

DOC 13989 ppb-C 100 % DOC 

 HOC 180 ppb-C 1.3 % DOC * 

 CDOC 13809 ppb-C 98.7 % DOC 

 NOM   

 Biopolymers 465 ppb-C 3.3 % DOC 

 Humic subst. 9782 ppb-C 69.9 % DOC 

 Building blocks 1918 ppb-C 13.7 % DOC 

 LMW acids 117 ppb-C 0.8 % DOC 

 LMW neutrals 

including SOM 

1527 ppb-C 10.9 % DOC 

 SOM   

 X60 < 5 ppb-C  

 X62 < 5 ppb-C  

 X71 < 5 ppb-C  

 X73 < 5 ppb-C  

 X76 < 5 ppb-C  

NO3
- 58 ppb-N  

NH4
+ 53 ppb-N  

Discussion; 

Laboratory 

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

identical. Waters reflect a ñpureò, oligotrophic, soft 

brown water lake. 

Note: Biopolymers here are NOT biopolymers but 

ñhumins = non-soluble (nanoparticles) humic matter. It 

is interesting to note that these humins seem to break 

through UF (?), at least in part. 

* significance unclear 

 

 



1(3) 

 
 

 

Appendix 13. Examples of .csv file data, .xlsm file macro imported data to .xlsx file, and 

calibrated data in .xlsx file. 

 

 

Figure 1. Example of .csv file data of Optoseven FSA-CT1000 UV COD and Turbidity 

Liquid Analyser samples 1-40. Screenshot. 
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Figure 2. Example of .xlsm file macro imported data in .xlsx file. Optoseven FSA-CT1000 

UV COD and Turbidity Liquid Analyser samples 1-40. Screenshot. 
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Figure 3. Example of .xlsx calibrated data of Optoseven FSA-CT1000 UV COD and 

Turbidity Liquid Analyser samples 6-40. Screenshot. 
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Appendix 14. Calibration data plotted for pre-trial period 0 turbidity parameter. 

 

 

Figure 1. Screenshot of pre-trial period 0 tap water turbidity calibration data plotted, 

trendline without modification. 
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Figure 2. Screenshot of pre-trial period 0 tap water turbidity calibration data plotted, 

trendline through origin. 
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Appendix 15. Calibration data plotted for trial periods 1 ï 3. 

 

 

Figure 1. Screenshot of trial period 1.1 WWTP discharge effluent CODCr calibration data 

plotted, trendline through origin. 
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Figure 2. Screenshot of trial period 1.1 WWTP discharge effluent turbidity calibration data 

plotted, trendline through origin. 

 

 

Figure 3. Screenshot of trial period 1.2 WWTP pretreated waste water CODCr calibration 

data plotted, trendline through origin. 
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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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Figure 5. Screenshot of trial period 2.1 fish farm flotation effluent CODMn calibration data 

plotted, trendline through origin. 
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Figure 6. Screenshot of trial period 2.1 fish farm flotation effluent turbidity calibration data 

plotted, trendline through origin. 

 

  



6(13) 

 

 

Figure 7. Screenshot of trial period 2.2 fish farm flotation influent without chemicals CODMn 

calibration data plotted, trendline through origin. 

 

 

Figure 8. Screenshot of trial period 2.2 fish farm flotation influent without chemicals CODCr 

calibration data plotted, trendline through origin. 
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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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Figure 10. Screenshot of trial period 2.3 fish farm flotation influent with chemicals CODMn 

calibration data plotted, trendline through origin. 
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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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Figure 12. Screenshot of trial period 3.1 nanofiltration pilot permeate CODMn calibration 

data plotted, trendline through origin. 

 

 

Figure 13. Screenshot of trial period 3.1 nanofiltration pilot permeate turbidity calibration 

data plotted, trendline through origin. 
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Figure 14. Screenshot of trial period 3.2 nanofiltration pilot concentrate CODCr calibration 

data plotted, trendline through origin. 

 

 

Figure 15. Screenshot of trial period 3.2 nanofiltration pilot concentrate turbidity calibration 

data plotted, trendline through origin. 
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Figure 16. Screenshot of trial period 3.3 nanofiltration pilot influent CODMn calibration data 

plotted, trendline through origin. 

 

 

Figure 17. Screenshot of trial period 3.3 nanofiltration pilot influent CODCr calibration data 

plotted, trendline through origin. 
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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 permeate, chemical wash interval graphs. 

 

 

Figure 1. Trial period 3.1, 1.5 days chart time, CODMn and turbidity, one chemical wash 

interval, first. 

 

 

Figure 2. Trial period 3.1, 1.5 days chart time, CODMn and turbidity, one chemical wash 

interval, second. 
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Figure 3. Trial period 3.1, 1.5 days chart time, CODMn and turbidity, one chemical wash 

interval, third. 

 

 

Figure 4. Trial period 3.1, 1.5 days chart time, CODMn and turbidity, one chemical wash 

interval, fourth. 

 

 

Figure 5. Trial period 3.1, 1.5 days chart time, CODMn and turbidity, one chemical wash 

interval, fifth. 


