MAKINEN RIIKA (EDITOR)

DRINKING WATER QUALITY AND
NETWORK MATERIALS IN FINLAND

SUMMARY REPORT

PUBLICATIONS OF FINNISH INSTITUTE OF DRINKING WATER 5



DRINKING WATER QUALITY AND
NETWORK MATERIALS IN FINLAND

SUMMARY REPORT

Makinen, Riikd (Editor)

'Finnish Institute of Drinking Water/Prizztech Ltd.

2008

Publications of Finnish Institute of Drinking Water

1. edition
Publisher: Finnish Institute of Drinking Water/Priech Ltd. www.vesi-instituutti.fi/ FIDW
Photos: Minna Keindnen-Toivola, Riika Makinen, &ido Pelto-Huikko, FIDW, Prizztech Ltd.

ISBN 978-952-99840-9-1 (print)
ISBN 978-952-67166-0-2 (PDF)
ISSN 1796-7376






Abstract

This report is a summary of the following three lpediions of the Finnish Institute of Drinking Wate

I.  Publications of Finnish Institute of Drinking Watéy Materials in Contact with Drinking Water in
Finland 2007 [Kekki et al. 2007, in Finnish],

Il. Publications of Finnish Institute of Drinking Watr Water Quality in Finland in Years 1984 —
2006 [Keinanen-Toivola et al. 2007, in Finnish],

Il. Publications of Finnish Institute of Drinking Watér Quality of Finnish Drinking Water from Raw
Water to Consumers’ Tap in Years 1999 — 2007 [Ahagteal. 2008, in Finnish].

A revision of EU’s drinking water directive (DWDd construction product directive (CPD) is in pesg

and recently a new acceptance scheme for matandlproducts in contact with drinking water wastech
(European Acceptance Scheme, EAS). At the EU leitels essential to make sure that the special
characteristics of Finnish drinking water and wat@nagement are taken into consideration when new
regulations are being drafted to ensure that tregpdations will also be suitable for Finnish cdrais.

Since 2005 several studies have been conductemlanB and these form the basis for the revisiothef
above mentioned directives and a discussion ofsthigability of the long planned EAS into Finnish
conditions.

The study “Water Quality in Finland in Years 19840606 [Keindnen-Toivola et al. 2007, in Finnish]
aimed to collect public data about the quality ahking water in Finland. This study determinedttha
drinking water in Finland mainly fulfils the demandnd recommendations of the Finnish decree oRkidgn
water and data on concentrations of different patars are rather readily available.

The follow-up study “Quality of Finnish Drinking Wex from Raw Water to Consumers Tap in Years 1999
— 2007“ [Ahonen et al. 2008, in Finnish] intendedptrovide a broad perspective of the quality ohkirig
water in Finland by collecting detailed data froiffedent size waterworks in all parts of the coynffhe
study included wells, water cooperatives, as weblrmall, medium-sized, and large waterworks.

The material study of FIDW “Materials in ContacttvDrinking Water in Finland 2007” [Kekki et al. @0,

in Finnish] was aimed to review the materials, twp, and sealings used in the distribution andréad
estate networks from the water intake or purifmatplants up to the consumer’s tap in Finland. €hes
materials and the drinking water can undergo corpiéeraction phenomena whereupon the quality of
drinking water may deteriorate and unwanted changesr in the materials.

This summary report shows that Finnish drinkingewas of high quality and therefore safe and hygi¢n
use when compared to the quality requirements ecohmmendations. Quality monitoring of drinking wate
in Finland is primarily monitored by the Finnishcdee on drinking water that concentrates on hdsdted
parameters. However, the quality of drinking wageaffected also by many technical parametersdteahot
required to be measured but these can have aisantifmpact on the long term durability of thewetks.

In Finland and some other countries e.g. Latviadamhn, it has been demonstrated that microbiatbris
phosphorus limited instead of carbon limited andrdfore analysing phosphorus compounds would be
important if one wishes to evaluate the growth pugé of microbes. According to the above mentioned
studies the median for TOC concentration was 1.9 mgvater provided by the waterworks. The median
concentration of phosphate phosphorus ranged fréniol6ug/l. In addition, rather high concentrations of
aluminium, nickel, manganese, and iron are preiseRinnish drinking water and this should be takeo
consideration when EAS is being drafted.

About 8 % of the waterworks in the study provideatev whose pH was below the lower guide value dtate
in the decree (6.5). In order to prevent aggrégsof drinking water additional limit values foukphate and
chloride have been provided. All samples were oetance with the additional limit value with resp®
sulphate but 10 % of waterworks provided water éxaeeded the additional limit for chloride. Widspect

to alkalinity, hardness, and concentration of cartimxide there is no guide or limit values in ffi@nish
decree on drinking water. The median values foalalkky, hardness, and GGn the study were 0.2 — 1.8
mmol/l, 0.2 — 0.7 mmol/l, and 2 — 30 mg/|, respesiiy.

The objective of this summary report is to preset situation in Finland and to highlight the Fii
perspective on the revisions of DWD and CPD andftaence the drafting of EAS.
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1 Introduction

A revision of EU’s drinking water directive (DWDd construction product directive (CPD) is in pesg
and recently a new acceptance scheme for matandlproducts in contact with drinking water wasteh
(European Acceptance Scheme, EAS). In EAS, themteshods for products are mainly based on existing
methods already being used in one or more mematasstit has not yet been fully clarified whethezse
test methods are suitable for all of the EU menstetes.

At the EU level, it is essential to make sure tiat special characteristics of Finnish drinking evesand
water management are taken into consideration wk@nregulations are being drafted to ensure thesteth
regulations will also be suitable for Finnish cdimfis. In Finland, the legislation and administati
concerning drinking water has been divided betwg®ae ministries. The Ministry of Agriculture and
Forestry is in charge of water management genertilly Ministry of Social Affairs and Health has the
responsibility for the legislation concerning qtaknd monitoring of drinking water, and the Mimysof the
Environment oversees the building regulations. Deal health authorities monitor the quality ofrdking
water.

Within the limits stated in DWD, the quality of dking water may vary significantly and the direetidoes
not contain requirements or guide values for althef water quality parameters that are mentionetthén
EAS or otherwise essential for the network matserithe amount of information collated on technevadl
microbiological quality of drinking water varies kmtantially between the member states, thus Elhbas
attempted to systematically collect data. The mensbtates report to the Commission mainly compliance
and deviations from the DWD and this only applee#ie large waterworks.

Since 2005 several studies have been conductenmlanB and these form the basis for the revisiothef
above mentioned directives and a discussion ofsthigability of the long planned EAS into Finnish
conditions.

One study “Water Quality in Finland in Years 198420606 [Keindnen-Toivola et al. 2007, in Finnish]
aimed to collect public data about the quality ahking water in Finland. This study determinedttha
drinking water in Finland mainly fulfils the demandnd recommendations of the Finnish decree oRkidgn
water and data on concentrations of different patars are rather readily available. Nevertheledditianal
data on technical and microbiological charactersstf drinking water which are relevant with regpec
interactions between the network materials andkirghnwater was needed.

The follow-up study “Quality of Finnish Drinking Wex from Raw Water to Consumers Tap in Years 1999
— 2007“ [Ahonen et al. 2008, in Finnish] intendedptrovide a broad perspective of the quality ohking
water in Finland by collecting detailed data froiffedtent size waterworks in all parts of the coynffhe
study included wells, water cooperatives, as weblrall, medium-sized, and large waterworks.

The distribution network and pipelines in real estacontain many materials that are in contact with
drinking water often for several days, sometimesnelonger. These materials and the drinking waaer c

undergo complex interaction phenomena whereuponqtfaity of drinking water may deteriorate and
unwanted changes occur in the materials.

The material study of FIDW “Materials in ContacttvDrinking Water in Finland 2007” [Kekki et al. @0,

in Finnish] was aimed to review the materials, twp, and sealings used in the distribution andréad
estate networks from the water intake or purifmafplants up to the consumer’s tap in Finland. Jtody is
based on surveys, interviews, information on irgerpages of manufacturers, and it reviewed both the
Finnish and international literature. The studysprés data on the characteristics of different riaseand
their possible effects on the quality of drinkingter.

This present report is a summary of the three alstwdies. The objective of this summary reportois t
present the situation in Finland and to highligie Finnish perspective on the revisions of DWD &mRD
and to influence the drafting of EAS.

This report has been funded by the Finnish Miniefr§ocial Affairs and Health.



2 Drinking water

2.1 Definition

According to the Finnish law of health protectidhépter 5) drinking water means “1) all water thsat
meant for drinking, food preparation, or other detiwe purposes regardless of whether the water is
transmitted through the distribution network, tartiksttles, or containers; and 2) all water thatsed in the
food industry for production, processing, storageg entry on the market” [Parliament of Finland 4]99
Natural mineral water or water for medical purposesot drinking water. Water used as drinking wate
cannot be insanitary. In addition, drinking watasho be also otherwise suitable for use and iaacause
harmful erosion or lead to the formation of harndaposits in water pipes or control units.

2.2 Legislation

2.2.1 Drinking Water Directive, DWD

The EU drinking water directive 98/83/EY [Councfl BU 1998] defines the minimum requirements of the
sanitary quality of drinking water within the EUh@& purpose of the directive is to protect consunoérs
drinking water within the European Union and to makire that water is aesthetically clean and withou
unpleasant taste, odour or colour. The directigts I48 microbiological and chemical parameters whic
should be monitored regularly. The limit valuesgddsin the directive are based on the guidelined/ofld
Health Organisation [WHO 2004]. The member stafeth® EU must adhere to at least the same demands
and recommendations as in the directive but itse possible to set additional national regulatickisthe
present moment, the drinking water directive is\geevised.

2.2.2 Legislation in Finland

In Finland, the requirements and recommendationgHe quality of drinking water are defined in the
Finnish decree on drinking water issued by The iBmMinistry of Social Affairs and Health [Parliamteof
Finland 2000] (Decree Relating to the Quality andniMbring of Water Intended for Human Consumption).
The decree is based on the drinking water directivé concerns all water that is 1) provided attléasr?
per day or for 50 people, 2) used for food produrctntended for human consumption, or 3) distridutebe
used as drinking water as a part of public and ceroral operation. In Finland, drinking water meaon&l
water and the quality monitoring sample is alwajseh from flushed water.

The decree defines the minimum requirements atettdils the quality related demands and guide gdiue
microbiological, chemical, technical, and radioaetparameters which are listed in the Table 1. Giamge
with the quality requirements should be monitonedhe distribution network at the point where water
taken from the consumers tap. The waterworks pigidrinking water is responsible for the adheretace
the quality requirements up to the point where & estate is connected to the distribution netwdiie
owner of a real estate is responsible for ensuthagthe quality of water does not decline in thal estate
network in such a way that water no longer meatsgiinality requirements. The Finnish decree on drgnk
water has tighter limit values set for chloride Y@nd sulphate (S©) than the drinking water directive in
order to prevent corrosiveness of drinking watea(€ 1, notion§ and®). In addition, the Finnish decree on
drinking water has a limit value for chlorophentilsugh these compounds are not included in theidgn
water directive.



Table 1. The requirements and guide values defined in thei$h decree on drinking water [Parliament of

Finland 2000] and some other parameters mention#ds report.

Parameter Maximum Unit Requirement, guide
concentration value or no limit value

Acrylamidé 0.10 pagll requirement
Alkalinity - mmol/l no limit value
Aluminium (Al) 200 pall guide value
Ammonium (NH,") 0.50 mg/l guide value
Antimony (Sb) 5.0 pall requirement
Arsenic (As) 10 pall requirement
Benzene 1.0 pall requirement
Benzo(a)pyrene 0.010 pall requirement
Biofilms - e.g. cfulcr no limit value
Boron (B) 1.0 mg/l requirement
Bromate (Br@)"° 10 pall requirement
Clostridium perfringens’ 0 cfu/100ml guide value
1,2- dichloroethane 3.0 pall requirement
Mercury (Hg) 1.0 pall requirement
Enterococcus 0 cfu/200ml requirement
Epichlorohydriné 0.10 pgll requirement
Escherichia coli 0 cfu/200ml requirement
Fluoride (F) 15 mg/l requirement
Phosphate (P9) - mg/l no limit value
Phthalates - pall no limit value
Odour and tasfe no unit guide value
Oxidizability (CODy,)° 5.0 mg/l guide value
Oxygen (Q) - % no limit value
Carbon dioxide (C¢) - mg/l no limit value
Cadmium (Cd) 5.0 pall requirement
Calcium (Ca) - mg/l no limit value
Camphylobacteria - e.g. cfu/ 100 ml no limit value
Chlorophenols total 10 pall requirement
Chloride (CI)% " 250 mg/l guide value
Total alpha (tot) - Ba/l no limit value
Total phosphorus (tot P) - mg/l no limit value
Total nitrogen (tot N) - mg/l no limit value
Coliformic bacteria 0 cfu/100ml guide value
Hardness - mmol/| no limit value
Chromium (Cr) 50 pall requirement
Copper (CU) 2000 ugll requirement
Legionellas - e.g. cfu/100 ml no limit value
Dissolved organic carbon (DOC) - mg/l no limit valu
Lead (Pb) 10 pall requirement
Magnesium (Mg) - mg/l no limit value
Manganese (Mn) 50 pall guide value
Assimable organic carbon (AOC) - pgll no limit valu
Molybdenum (Mo) - pall no limit value



Sodium (Na) 200 mg/l guide value
Nickel (Ni) 20 pg/l requirement
Nitrate (NQ) 50 mg/l requirement
Nitrite (NO,)! 0.5 mg/| requirement
Norovirus - e.g. pc/100 ml no limit value
Total organic carbon (TOE) - mg/l guide value
Plate count (22°C) - cfu/100 ml guide value
pH® 6.5-9.5 no unit guide value
Polycyclic aromatic hydrocarbofis 0.10 ugll requirement
Radon (Rn) - Bql/l no limit value
Iron (Fe) 0.2 mg/l guide value
Turbidity™ " - NTU guide value
Selenium (Se) 10 pall requirement
Silicate (SiQ) - mg/l no limit value
zZinc (Zn) - pall no limit value
Sulphate (S¢F)%° 250 mg/I guide value
Cyanides 50 pall requirement
Electrical conductivity 250 mS/m guide value
Tetrachloroethene and trichloroethene, total 10 | na/ requirement
Tin (Sn) - pall no limit value
Titanium (Ti) - pall no limit value
Biocided* ¢ 0.10 ugll requirement
Biocides totdl 0.50 pgll requirement
Trihalomethanes total 100 pgll requirement
Tritium (°H)® 100 Bq/l guide value
Total indicative dose 0.10 mSv/a guide value
Vinyl chloridé® 0.50 ugll requirement
Bismuth (Bi) - pa/l no limit value
Colouf - mg/l guide value

- No limit value

& Concentration is calculated according to the
maximum amount released or dissolved from the used
polymer stated in the product description.

®Lower concentration must be sought without
weakening the disinfection efficiency.

“Measured if raw water is surface water.

4 Acceptable to users, no unusual changes.

® Not necessarily needed to be measured if TOC is
measured.

" Tri-, tetra- and pentachlorophenol

9Water must not be corrosive.

" To prevent corrosion of pipe materials, the
concentration should be below 25 mg/l.

' Sample from user’s tap, concentration calculabetiet
analogous to weekly average.

I'Maximum concentration of nitrite in water leaving
waterworks is 0.10 mg/l. (Conc. of nitrate/50)+(con
of nitrite/3) must not exceed the limit value of 1.
No unusual changes.

' No need to measure if oxidizability (CQR) is
determined and the amount of distributed water is
below 10 000 rid.

10

™ Benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(ghi)perylene, indan-(1,2,3-cd)-pyrene.
"Turbidity of the water leaving surface-water
waterworks should be below 1 NTU.

°To prevent corrosion of pipe materials, the
concentration should be below 150 mgl/l.

P Organic insecticides, herbicides, fungicides,
nematocides, acaricides, algaecides, and rodeatacid
organic antislime agents; other equivalent prodasts
well as their metabolites, degradation products and
reaction products.

9 Limit value for aldrin, dieldrin, heptachlorinenc
heptachloroepoxide is 0.030 ug/l.

" Chloroform, bromoform, bromide chloromethane,
dibromochloromethane.

® Total indicative dose of tritium and radioactivitpes
not need to be measured if earlier studies shosethe
values to be clearly below the limit values. Radtm,
degradation products, tritium or potassium-4&) are
not included in the total indicative dose.



In addition, the Finnish Ministry of Social Affaiend Health has issued a decree concerning regeritem
and recommendations for the quality of drinking evah small waterworks [Parliament of Finland 2001]
The decree concerns 1) waterworks that provideness than 10 frper day or for less than 50 people, 2)
food companies that are not applicable for the iBmmlecree on drinking water [Parliament of Finland
2000], and 3) separate household wells. Some gquatiees or demanded limit values differ in these two
above mentioned decrees. There is a limit valuéfoparameters in the Finnish decree on drinkintewa
but a total of 17 of these limit values are différan the decree concerning small waterworks.

Limit values for ammonium nitrogen and chloride knaer for small waterworks. Unlike the Finnish des
on drinking water, the decree on small waterworigsdnot have limit values f@lostridium perfringens,
sodium, totally organic carbon, heterotrophic pledent, tritium, and total indicative dose. In aast, for
radon there is a limit value in the decree on smatierworks but not in the decree on drinking watérere
are differences in these two decrees in termsrbidity, colour, odour, and taste criteria. In thecree on
small waterworks the criteria for separate wellsdugy a single household are less strict thantfeercsmall
waterworks with respect to coliformic bacteria, ganese, radon, and iron. Limit values for arsenid a
fluoride are higher for the kind of water deliversdm small waterworks that is not intended foheit
human consumption or food production.

2.3 Quality control and reporting

The quality of drinking water in Finland is monigar by local health authorities. The supervisindharity
and the plant providing drinking water must togettiepare for regular monitoring, that is there twabe a
plant-specific monitoring research program whictiudes plant's own monitoring and the food prodgcin
company’s own monitoring. Regular monitoring ina@sdcheck monitoring and audit monitoring. Check
monitoring is used to collect data on quality ofnkling water, and to monitor the efficiency of wate
treatment, and to ensure the fulfilment of quadigmands. Audit monitoring is used to establish twaethe
demands and recommendations in Annex 1 of the #findécree on drinking water have been fulfilled. In
check monitoring, the minimum parameters to berdgted are: odour, taste, turbidity, colour, pHeotfic
conductivity, iron, manganese, nitrite (if chloraiis used for disinfection), aluminium (aluminium
compounds used in water treatment or an abundahdeese compounds in raw water), ammonium,
Clostridium perfringens (if surface water used as raw watdjcherichia coli, coliformic bacteria, and the
possible additional analyses defined in the moimigpresearch program.

The local health authorities deliver every yeaoinfation on water quality of large waterworks (>Q003/d

or >5000 people) to provincial government that wraf summary of results and submits it to The Malio
Public Health Institute of Finland. The Nationaldfc Health Institute of Finland prepares everyethyears

a national report to the European Commission. ¢emeyears, the report has been published by Therd
Product Control Agency of Finland. There are aldol@ large waterworks (>1000 m3/d or >5000 peopple) i
Finland obliged to report to the Commission. Theyvjle water to approximately 3.8 million consumiees
73 % of population in Finland [Zacheus 2006]. Rafrthe official reports delivered to the Commission
contains average values and those are utilizesisrstmmary report. [Zacheus 2004, Zacheus 20@%{.d?
the official reports contains only information axceedings of the limit values of the DWD but notrraric
data [Zacheus 2002, Zacheus 2006].

2.4 Distribution in Finland

In 2001, 90 % of the population (4 654 000 peopidinland was within the centralized water digttibn
[Finland’s environmental administration 2005]. Hewe the number of households relying on well water
was still quite extensive. The field of waterworks=inland is fragmented; if one divides the whatdume

of water supply services into four parts, then quoarter is managed by the five biggest waterwoskgch
sales volumes account for over 25 m€/works and lwhave large personnel 100 — 350. The next quirter
handled by approximately 30 waterworks with sal@simes of 4 — 25 m€/works and with personnel of25
100. Almost 200 waterworks manage the next quantith, sales volumes of 0.4 — 4.0 m€/works and small
personnel numbers i.e. 3 — 25 people. The restlatequarter is the responsibility of nearly 800aH
waterworks, which sales volumes are less than 80&0vorks and with few staff 0 — 3 individuals.
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Surface waters, groundwaters, and artificial grovatdrs are used as raw water in the productiormef t
drinking water distributed in Finland. The largeteravorks exploit mainly surface waters (70 works),
artificial groundwaters are used by some scorewarks, the remaining small waterworks utilize mginl
groundwaters. Depending on the method of assesstienhumber of the latter can range from 1000 to
1600. It has been estimated that of the 408 milidif distributed drinking water in 2001 39 % wasfaoe
waters and 61 % was ground or synthetic groundwgiénland’s environmental administration 2005].

Drinking water distributed in Finland by the watenks has usually high quality in terms of hygiefbe
quality of drinking water is affected by many fastofor example raw water (soil, basin), water tirent
techniques (sedimentation, filtration, disinfecjionetwork (materials, biofilm), and use (flow). riace
water used as raw water normally contains littleeral salts but an abundance of humic substanoe®cs
water is always treated before it is fed into tisridbution network because the quality of surfacder as
such does not qualify for the regulations and reoenmdations given for drinking water.

Natural waters used as raw waters have a rangeabitigs depending on the surrounding soil and dedr
Approximately half of Finnish drinking water is phaced from surface water with the other half being
obtained from groundwater. The problem with surfaegers is their high concentration of organic oarb
which might cause taste and odour in the water artdas a nutrient for microbes. Surface waters are
normally treated chemically, filtered, neutralizgiih alkaline chemicals, and disinfected befordriiation.
Groundwaters are usually soft and in some casgsatfeeneutralized but only disinfected in a few kgorn
Finland, groundwater is quite often used as sudause of its good hygienic quality, especially ima#
waterworks. Acidic and soft drinking water mightrimzle metals which can be one significant factoemvh
considering the origin of leakages.

Conditions in Finland differ from many other couesrin Europe. There is less risk of dissolutiommaftals

in drinking waters from Central Europe compared-iimland because groundwaters in Central Europe are
hard due to the typical soil and bedrock conditidnsaddition, alkalinity is substantially highdman in
Finland and thus usually waters are always treated.

Although drinking water is of good quality as itfesd from the waterworks into the distribution netly the
quality can decline significantly when it is in timetwork because of corrosion, biofilms, or substan
dissolving from the network materials. The substandissolving from the materials originate eitrenf the
material itself or from the traces of the orgartemicals used in the manufacturing process. Sontbeof
dissolved substances can act as nutrients for besrevhereas some might be biocidic (i.e. preveat th
growth of microbes) or biostatic (i.e. impair th@gth of microbes).
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3 Presentation of the quality parameters

3.1 Figures

The results are presented in summary figures whtrseture and details are explained below in Fidgure
Box plot figures are made from waterworks-spedifiean values when numeric values were available. The
groundwater data (GTK and SYKE), the STUK data dhd waterworks data from the additional
measurements are presented from the results asefparate analyses. The figures show the mean value,
percentiles 5, 25, 50 (=median), 75, and 95 as aglninimum and maximum values. A percentile is the
value of a variable below which a certain percednblservations will fall. Thus the 20th percenidethe
value (or score) below which 20 percent of the ple®ns may be found. The term percentile and the
related term percentile rank are often used inrg®se statistics as well as in the reporting obies from
norm-referenced tests. The 25th percentile is kismvn as the first quartile; the 50th percentiletlaes
median.

A limit value or guide value of the Finnish decaedrinking water [Parliament of Finland 2000] isnked
with a horizontal line and a value on the righteTéode for the water type is marked below the s-axi
(“Total” in Figure 1) and below that is the numlmémwaterworks providing the data (n=57). With respe

the groundwater data (GTK and SYKE), the STUK data the waterworks data from the additional
measurements the symbol “n” depicts the numbehefseparate analyses. In some figures, the y-axis i
modified in order to show all the essential infotima. Abbreviations used in the figures are preserin
Table 2.

12 H
Limit value in the Finnish
decree on drinking water
10 H X <—————— Maximum
Percentile 95
8 -
7,0
=
c 64
- Mean
/ 75%
4 o 50%
25%
24
Percentile 5
0 X = Minimum
T
Total
n=57 Percentiles
25, 50, and 75

Figure 1. Presentation of results [Ahonen et al. 2008].
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Table 2 Abbreviations used in figures.

Abbreviation Explanation

Total All waterworks

>1000 m3/d Large waterworks, water production >108/@

10-1000 m3/d Medium-sized waterworks, water pradnct0—1000 rid

<10 m3/d Small waterworks, water production <1%dm

ND Size of waterworks, source of water or neutedion of water not defined

G Groundwater

S Surface water

AG Artificial (artificially recharged) groundwater

SE Sea water

GB Groundwater of bedrock, data from STUK

GS Groundwater of soil, data from STUK

Gwd Dug wells, the groundwater data from GTK arewrell water data from STUK

Gwdib Wells drilled into bedrock, the groundwatetalfrom GTK and the well water data
from STUK

GWs Single well, the groundwater data from Finlanehvironmental administration

GWm Raw water combined from several wells, theugdwater data from Finland’s
environmental administration

Alk + Water leaving waterworks is neutralized

Alk - Water leaving waterworks is not neutralized

X1 Water that is pumped from waterworks into thewmek

X2 Stagnated network water

X3 Water that is collected from a network poineaflushing

3.2 Introduction to results

Results for parameters describing quality of dmigkwater are subdivided into seven categories:abés,
nutrients for microbes, metals, chemicals and dogsubstances, non-metals, technical quality oewatnd
radioactivity. There is an introduction to eachugrowhich represents a summary figure of that groups
parameters and their effects and harm are describedddition, the possible routes of entry of the
parameters to drinking water and ways to diminiaimiiul effects are described.

The percentiles presented in the figures show tigom of the results (number of waterworks or nembf

the analysis results (for GTK, SYKE, STUK and trdgliional measurements)) that lie within a certain
concentration range. 50 % of the results are betwhe percentiles 25 and 75 and 90 % between the
percentiles 5 and 95.

For different size waterworks there are differeagulations whose limit and guide values for some
parameters differ slightly. The groundwater datel(sy from SYKE could not be compared to the refgva
regulations because no information on the amountisefd water per day was available. In these cases,
separate wells were classified as being in theerafighe Finnish decree on small units and watensbined
from several wells in the range of the Finnish deasn drinking water.
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4 Microbes

Many types of microbes can be present in drinkingtew and for some of these limit values and
recommendations are available in the Finnish deomedrinking water (Indicators, Figure 2). These
indicator microbes are used, as their name exmessendicate pathogen microbes whose recogniton
time and labour consuming. In addition to the iattic microbes, the drinking water networks mighttain
large number of other microbes some of which agafthbus to human health and some are harmlesse(Tabl
3). Microbes can cause sanitary, esthetical, aodnteal problems (e.g. colouring of laundry and ewat
fittings) and even metal corrosion. Factors affegtimicrobial growth are fairly well known and sealer
methods to impede growth are being used.

Types of microbes

1. Indicators

Coliform bacteria
2.Hazardous to health

Pseudomonas aeruginosa
3. Others

bacteria (SRB)

E.g. actinomycetes, yeasts, sulphate reducing

Enterococcus, E.coli, Clostridium perfringens,

Campylobacterspp.. Cryptosporidium spp..
Giardia lamblia, Morovirus, Rotavirus, Aeromonas
spp., Legionella spp., Mycobacterium spp.,

Source

- Faecal contamination
- Grows in drinking
water networks

Figure 2. Microbes in drinking water.

Microbes

Effects/harm

- Indicates faecal contamination

- Gastroenteritis epidemic, respiratory
infection

- Microbiological corrosion and
aesthetic harm (Fe, Mn, S)

Factors affecting microbial
growth

1. Chemical

Nutrients (C,N,P), pH,
disinfection, trace metals

2. Physical

E.g. temperature, flow rate

3. Pipe material

Prevention and removal of microbial growth

- Amount of nutrients |

- Disinfection

- Flushing and mechanical cleaning of networks
- Antimicrobiological effects of metals

Table 3.Microbes of drinking water divided into faecal ametwork growing.

Grow in the network

Faecal

Hazardous to health
Aeromonas spp.
Legionella spp.
Mycobacterium spp.
Pseudomonas aeruginosa

Others

Actinomycetes

Heterotrophic microbes

Yeasts, moulds, fungi

Nitrification bacteria

Iron and manganese oxidizing bacteria
Sulphate reducing bacteria (SRB)

Hazardous to health
Campylobacter spp.
Cryptosporidium spp.
Giardialamblia
Norovirus

Rotavirus

Indicators

Clostridium perfringens

Enterococci

Escherichia coli
Coliform baét
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4.1 Microbes subject to quality standards
4.1.1 Enterococci

Enterococci are faecal indicator bacteria. Samples exceediadimit value of 0 cfu/ml stated in the Finnish
decree on drinking water were present both in wamovided by waterworks and in waters of the
groundwater data from SYKE. The occurrenceenferococci was far more common in waters from
individual wells and several wells combined compearethe water provided by waterworks, 20.0 and%,7
respectively.

4.1.2 Escherichia coli

Escherichia coli is a faecal indicator bacterium. Samples exceetfiadimit value of 0 cfu/100 ml stated in
the Finnish decree on drinking water were obsebat in waters provided by waterworks and in watdrs
the groundwater data from SYKE. The occurrenck.@bli was far more common in waters from individual
wells and several wells combined compared to théewprovided by waterworks, 22.0 and 0.10 %,
respectively.

4.2 Microbes subject to quality recommendations

4.2.1 Clostridium perfringens

Clostridium perfringens is a faecal indicator bacterium. It is rarely d¢gel, of all the samples in this study
only 0.03 % (2/7076 analyses) contair@&dstridium perfringens.

4.2.2 Coliformic bacteria

Coliformic bacteria reflect the general quality dfinking water, the efficiency of water treatmemda
disinfection, and the possible pollution causedinface water drainage.

Samples exceeding the guide value of 0 cfu/100tatkd in the Finnish decree on drinking water were
observed both in waters provided by waterworks iandiaters of the groundwater data from SYKE. The
occurrence of coliformic bacteria was far more cannn waters from individual wells and several well
combined compared to the water provided by watetsyd@8.0 and 0.9 %, respectively.

4.2.3 Heterotrophic Plate Count, HPC

The heterotrophic plate count is one way to esenthe amount of heterotrophic bacteria, yeasts, and
moulds in drinking water. HPC reflects the geneyadlity of drinking water but does not indicate dak
pollution.

Additional measurements carried out in the autuf@i72vere done in order to determine the possilbéeisf

of the state of the network and sampling method engHPC in drinking water. Samples were taken from
water pumped from the waterworks into the netwdrem stagnated network water, and from flowing
network water. The highest HPC was observed imsti&gl water, the median and maximum concentration
was 23 and 1100 cfu/ml, respectively. In water pedhfsom the waterworks into the network and in flogv
network water HPC's were in the approximate samgeromwith the medians being 1 and 3 cfu/ml,
respectively.

Deviations from the recommendation in the Finnislarde on drinking water “no abnormal changes” were
observed both in waters provided by waterworks iangtaters of the groundwater data from SYKE. In all
2% of the waters provided by waterworks had abnbtie® The median concentrations were about the
same order of magnitude (0 — 3 cfu/ml) in waterat tvere either pumped into the network at the
waterworks, taken from faucets after flowing, othe groundwater data from SYKE. In stagnated wiager
water taken from faucets which had not been opahednedian was higher, 23 cfu/ml.
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Summary of the microbes in drinking water:

Water provided by the waterworks was of good mimrlglgical quality and safe to use. However, a s
proportion (0.03 — 0.90 %) of samples analyzed aiortl at least one of the faecal pollution indiggi
microbes described above. In well waters, microbexe observed more often than in waters provide
waterworks, i.e. 20 % of their samples containedntficrobes mentioned above.

nall
i
d by

17



5 Nutrients for microbes

Large variety of compounds is capable of actingatsients for microbes. Some of these compounds hav
limit values or guide values in the Finnish deasaedrinking water, for example nitrate and nittigeve limit
values and ammonium and total organic carbon (Ti&®¥ guide values (Figure 3). Nutrients for micobe
can affect human health either directly (e.g. bust@g methemoglobinemia) or indirectly by incregsin
microbial growth. Nutrients for microbes can endiopdrinking water from many sources and there are
several ways available to prevent them causinghanmy.

Types of nutrients

1. Nitrogen

(Total-N, NO? «» NOZ «» NH,*)

2. Carbon

L1003 U8 D08 —=Abe, Effects/harm
oxidizability)

- Microbial growth, phosphorus as
limiting nutrient in Finland

- Health: methemoglobinemia,
cancer (NO* ja NOZ)

3. Phosphorus

(PO, total-P)

4. Metals

See Figure 7 for metals (Fe, Mn)
5. Sulphur

(Sulphur oxidizing or reducing)

Nutrients for microbes

Source Prevention and removal

- Soll, fertilizers, wastewaters - Environmental acts

- Bacteria activity - Water treatment (sedimentation, filtering)

- Network materials (TOC, phosphorus) - Choice of network materials

- Water treatment - Adding disinfection (degradation of carbon)

Figure 3. Nutrients for microbes in drinking water.
5.1 Nutrients for microbes subject to quality standards

5.1.1 Nitrate (NQ)

The limit value for nitrate is based on the harnifablth effects of nitrite which is formed whenraié is
reduced. In drinking water, nitrate can origiameni compounds leaching from soil (e.g. fertilizemsaste
waters and rain waters.

Additional measurements carried out in the autu@@72were conducted in order to determine the plessib
effects of the network and sampling method e.gthenconcentration of nitrate in drinking water. $des
were taken from water pumped from waterworks ihi tetwork, from stagnated network water, and from
flowing network water. The median concentrationgemef a similar order in all water types in thedstu
concentrations varying between 1.1 and 1.7 mg/e TWaximum concentration of a single sample was
observed in water pumped into the network.

The median concentrations of nitrate in the stuéyen<0.2 — 3.1 mg/l. The lowest median concentnatio
was in drilled wells and the highest in water pdad by waterworks using artificial groundwater. ptas
exceeding the limit value of the Finnish decreeddanking water were observed in individual well @at
samples: soil wells, drilled wells, and wells froine SYKE data.

5.1.2 Nitrite (NG,)
The limit value for nitrite in the Finnish decrea drinking water is based on the level which cansea

harmful health effects. Nitrite can be an indicagbwater pollution but its occurrence might alssult from
bacterial activity.

18



The range of the median concentrations of nitriteéhie study was 0.01 — 0.11 mg/l. The lowest median
concentration of 0.01 mg/l was observed in grourtdwaells from the SYKE data and the highest levas$
detected in large waterworks. With the exceptiononé well water sample, all analyses results were
adherent to the Finnish decree on drinking water.

5.2 Nutrients for microbes subject to quality recommendtions

5.2.1 Ammonium (NH,")

The guide value for ammonium in the Finnish deaeelrinking water is based on its ability to bedixed
to nitrite or nitrate and to cause a sharp unplaasate or odour in the water. In drinking watanmonium
might originate from the biodegradation of nitrogesed organic compounds.

Additional measurements carried out in the autu@@72were conducted in order to determine the plessib
effects of the network and sampling e.g. on theceatration of ammonium in drinking water. Samplesav
taken from water pumped from waterworks into théwoek, from stagnated network water, and from
flowing network water. With the exception of a feamples all results were below detection limit ¢€3. or
<0.007 mg/l). Thus it seems that neither the sthtbe network nor sampling method has any effecthe
concentration of ammonium in drinking water.

The median concentrations of ammonium in the stadged from 0.003 to 0.200 mg/l. The lowest median
concentrations (<0.003 and <0.007 mg/l) were olexkeia waterworks data taken during the supplemental
measurements. Groundwater wells from the SYKE Haththe median concentration of 0.01 mg/lI and the
highest median concentration of 0.20 mg/l was ofeskin small waterworks. With the exception of one

well water sample, all analyses results were im@ance with the Finnish decree on drinking water.

5.2.2 Total organic carbon (TOC)

Total organic carbon (TOC) indicates the amountogjanic substances in drinking water as carbon
concentration. Organic matter, as such, is not fdrtm health but it adds colour and taste to wated acts

as a nutrient for microbes. The recommendationhi Einnish decree on drinking water is that TOC
concentration should have “no abnormal changes”.

Additional measurements were carried out in theraat2007 in order to determine the possible effetts
state of the network and sampling method e.g. erctimcentration of TOC in drinking water. Samplesav
taken from water pumped from waterworks into théwoek, from stagnated network water, and from
flowing network water. The concentrations of TOCrevaround the same order of magnitude in all water
types in the study, with the median concentrati@arging between 1.1 and 1.3 mg/l (Figure 4E).

There is no numeric guide value for TOC in the Khndecree on drinking water. The median
concentrations in the study ranged from 1.0 ton2gd.
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Figure 4. TOC. Concentration in drinking water provided by waterkg(A and B) and in well waters from
the SYKE data (C) in the years 2000 — 2007. Platigplays the relationship between water neutradizin
with alkaline chemicals (Alk) and TOC in waters ged into the network from the waterworks. The dffec
of state of the network and sampling method on T concentration in drinking water provided by
waterworks in 2007 (E). TOC1 is water pumped fromtemvorks into the network, TOC2 is stagnated
network water, and TOC3 represents flowing netweaker. Data from plots D and E is not included ot

A or B. The maximum value GWs 22 mg/l is not showthe figure.
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5.2.3 Oxidizability (CODyy)

Oxidizability represents the amount of organic ewaith water. Solid particles of organic matter niighave
attached to them heavy metals, chemicals, and rmciéhe determination of oxidizability is based the
ability of potassium permanganate to oxidise orgamitter.

The median concentrations of oxidizability in thady ranged from 0.6 to 1.8 mg/l. The lowest median
concentration was observed in water combined fremeiml wells (SYKE data). Waterworks, separateswell
from the SYKE data, and drilled wells had the madiancentrations of 1.0 — 1.2 mg/l. Samples frofeva
waterworks and well water from the SYKE and GTKadatere higher than the guide value in the Finnish
decree on drinking water.
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Figure 5. Oxidizability. Concentration in drinking water provided by waterkgoin the years 2000 — 2007
(A and B), and in well waters from the GTK datagse 1999 — 2006) and the SYKE data (years 2000 —
2007) (C). The maximum values that are not visiblplots are 10-1000 #d 8 mg/l, ND 8 mg/l, GWd 46
mg/l, GWdib 21 mg/l, and GWs 94 mg/l.
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5.3 Other nutrients

5.3.1 Phosphorus

Phosphorus is usually present in drinking wateplassphate. In Finland, phosphorus is the limitiagtdr
for microbial growth in drinking water and in bibfis.

Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
state of the network and sampling method e.g. enctincentration of phosphate phosphorus in drinking
water. Samples were taken from water pumped frotem@rks into the network, from stagnated network
water, and from flowing network water. In water ped into the network the median concentration was 1
ng/l (Figure 6B). In stagnated and flowing watee toncentrations were somewhat higher, with theiamed
concentrations being 3.0 and 3/, respectively.

There is no guide value for the phosphorus conatiotr in the Finnish decree on drinking water. The
median concentration of phosphate phosphorus isttlty varied between 1.5 and 6.0 pg/l.
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Figure 6. Phosphorus.Concentration of phosphate phosphorus in well wafiemrm the GTK data (years
1999 — 2006) and the SYKE data (years 2000 — 208)7)The effects of the network and sampling on the
phosphate phosphorus concentration in drinking m@tevided by waterworks in 2007 (B). PO4-P1 isevat
pumped from waterworks into the network, PO4-P&tegnated network water, and PO4-P3 is flowing
network water. The maximum values that are noblesin plots are GWd 2190g/l, GWdip 346ug/l, and
GWs 1600ug/l.

Summary of the nutrients for microbes:

Water provided by the waterworks and well water wasaccordance with the Finnish decree on drinking
water with respect to the nutrients for microbdse Tedian for TOC concentration was 1.9 mg/l inewat
provided by the waterworks. The median concentnatiophosphate phosphorus ranged from 1.51tg/b
in the study.
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6 Metals

The Finnish decree on drinking water has a limitear a guide value for many metals (Figure 7)tdiée
can affect human health, can lessen the technichhasthetical quality of drinking water, and caonpote
microbial growth in many ways. Metals can enter dnimking water from the soil, from materials ireth
drinking water network or as a result of human\itgti There are several factors which influence the
dissolution of metals from the network materialssddlution can be prevented by modifying the tecéini
properties of water or by altering the types ofenats used in the pipeline network.

Finnish decree on drinking water
Antimony, arsenic, mercury,
cadmium, chromium, copper, lead, w . .
Hickel SalEhitm aIt i - Health (Sh, As, Cd, Cr, Cu, Pb, Hg, Ni, Se)
manganese, sodium, iron *Trace element (Cr, Cu, Ni, Se)

* Always toxic (Sh, As, Cd, Hg, Pb)
Others - Technical-aesthetical (Al, Mn, Fe, Na)
Molybdenum, zinc, tin, - Prevent microbial growth (e.g. Cu, Mo)
fitsirivm. bisriuth - Energy for microbes (e.g. Fe, Mn)

Metals Factors affectin

| dissolution of metals
- Microbial activity
- Technical quality of water

Source
- Soil / raw water (As, Ni, Se, Al, Mn, Fe)
- Network materials (Sb, Cr, Cu, Pb, Ni,

Al, Fe, Mo, Zn, Sn, Ti?, Bi) Prevention and removal of dissolution
- Human activity (As, Hg, Cd, Se, Al, Na) - Water treatment — technical characteristics
of water

- Characteristics of materials

Figure 7. Metals in drinking water.

6.1 Metals subject to quality standards

6.1.1 Antimony (Sb)

Antimony can gain access to the drinking water frorass used in the network materials and from tin-
antimony alloy used as soldering material. Thetlwvaiue in the Finnish decree on drinking watebased
on antimony’s toxicity.

Range of the median concentrations of antimonyhm dtudy was 0.02 — 1.Q@/I. The lowest median

concentration of 0.04g/l was observed in the groundwater data from G3#il (wells and drilled wells).

Well waters from the SYKE data had the median cotraéon of 0.11ug/l. Water provided by waterworks
and water combined from several wells had the nmeciiecentration of fig/l. The antimony concentrations
in waters in the study were adherent to the Findistree on drinking water except for samples fraxa o
waterworks and occasional soil well.

According to EAS, a suggested limit value for tigsdlution of antimony when metal alloys are beesgjed

is 2.5ug/l which is 50 % of the limit value in DWD and tikénnish decree on drinking water (5.6/1).
Almost all, 99.5 % of the waterworks in the studgwyded water whose antimony concentration wasvbelo
2.5pug/l and thus the proposed limit value of EAS idediifor the conditions in Finland.
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Figure 8. Antimony. Concentration in water provided by waterworkshia years 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192906) and the SYKE data (years 2000 — 2007) (C).

6.1.2 Arsenic (As)

Arsenic is a toxin which can appear in drinking @vdtom soil, bedrock, and certain chemicals.

Additional measurements carried out in the autuf@i72vere done in order to determine the possilbbeisf

of the network and sampling method e.g. on the eoination of arsenic in drinking water. Samplesever
taken from water pumped from the waterworks int® tietwork, from stagnated network water, and from
flowing network water. With the exception of a f@amples all specimens were below detection limit (<
ug/l). At this detection sensitivity it appears tmegither the state of the network nor sampling wethas
any effect on concentration of arsenic in drinkiveter.

The median concentrations of arsenic in the stuahged from 0.1 to 1.7g/l. The lowest median
concentration of 0.1g/l was observed in soil wells. In drilled welleetmedian concentration was Q&/l.
Well wat ers from the SYKE data, water combinedrfreeveral wells, and water provided by waterworks
had the median concentrations ofid/l. The highest median concentration of figfl was observed in a
medium-sized waterworks. All types of water in s$tedy had occasional specimens exceeding the limit
value of the Finnish decree on drinking water.

According to EAS, a proposed limit value for disgan of arsenic when metal alloys are tested jg/h

which is 50 % of the limit value in DWD and als@thinnish decree on drinking water ({dyl). Over 99 %
of the waterworks in the study provided water whasgmony concentration was below:§/l and thus the
proposed limit value of EAS is suited for the cdiudlis in Finland.
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Figure 9. Arsenic.Concentration in water provided by waterworkshe years 2000 — 2007 (A and B) and
in well waters from the GTK data (years 1999 — 200&l the SYKE data (years 2000 — 2007) (C). The
maximum concentrations that are not visible inplus are GWd 10 100 pg/l (10.1 mg/l), GWdib 822lug

and GWs 76 pgl/l.

6.1.3 Mercury (Hg)

Mercury is a toxin which is used in the manufactofe variety of compounds produced by the chemical
industry. It is conceivable that mercury gains asde the drinking water from wastewaters, deposithe

chemicals used in agriculture.

The median concentrations of arsenic in the stadhged from 0.1 to 0.gg/l. In all data in the study the
concentrations were in accordance with the Findedree on drinking water.
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Figure 10. Mercury. Concentration in water provided by waterworks (8 &) and in the groundwater data
from SYKE (C) in the years 2000 — 2007.

6.1.4 Cadmium (Cd)

Cadmium is a toxin which is utilized in differergpects of the chemical industry. Cadmium gain etattye
drinking water from wastewaters, air deposits entilizers.

The median concentrations of cadmium in the stahged from <0.02 to 1.00g/l. The lowest median
concentration (<0.02g/l) was observed in drilled wells. In soil wellacawells from the SYKE data, the
median concentration was 0.02 — 004/l. Water specimens provided by waterworks had rtteglian
concentrations ten times higher than well water80@ vs. 0.003wg/l). Water combined from several wells
exhibited the median concentration of 1.06/l. The results of these analyses in this studyewa
accordance with the Finnish decree on drinking wexeept for the occasional soil and drilled wedter
samples.

EAS has proposed a limit value of 218/l for dissolution of cadmium when metal alloy® @ be tested
which is 50 % of the limit value in DWD and the Rish decree on drinking water (5.@/l). Water
provided by the waterworks in the study had cadmiomcentration of 1.Qg/l or less and thus the proposed
limit value of EAS is suited for the conditionskmland.
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Figure 11 Cadmium. Concentration in water provided by wateks in the years 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192®86) and the SYKE data (years 2000 — 2007) (C. Th
maximum concentrations that are not visible inglas are GWd 7.0 pg/l, GWdib 243 pg/l, and GWs 2.3

pall.
6.1.5 Chromium (Cr)

The limit value for chromium in the Finnish decrae drinking water is attributable to its harmfulakt
effects. Chromium present in drinking water origgzamainly from the network materials.

The range of the median concentrations of chromiutie study was <0.2 — 5/@®/l. The lowest median

concentration (<0.2g/l) was observed in drilled wells. In soil wellgells from the SYKE data, and water
provided by waterworks, the median concentratioesewd.2, 1.0, and 1.69/l, respectively. The highest
median concentration (5;@/) was analysed in water combined from severdlsw&he analyses results in
the study were in accordance with the Finnish deore drinking water with the exception of a few wel
water samples from the SYKE data.

EAS has proposed a limit value of g8/l for dissolution of chromium when metal alloy® &eing tested
which is 50 % of the limit value in DWD and the Rish decree on drinking water (R@/l). Water provided
by the waterworks in the study had chromium conmegioh of 10ug/l or less and thus the proposed limit
value of EAS is suited for conditions in Finland.
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Figure 12. Chromium. Concentration in water provided by waterworkshie years 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192®66) and the SYKE data (years 2000 — 2007) (3. Th
maximum concentration of GWs 86 pg/l is not visiiblehe plot.

6.1.6 Copper (Cu)

Copper is an essential trace element for humansabhigh concentrations it can cause harmful health
effects. Copper in drinking water originates mairfiipm the copper piping used in real estates for
transporting cold and hot water.

Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
position in the network and sampling method e.gtlon concentration of copper in drinking water. The
samples were taken from water pumped from watersvorto the network, from stagnated network water,
and from flowing network water. The highest med@mcentration of 0.12 mg/l was observed in the
stagnated water (Figure 13D). Water pumped intm#terork and flowing water had the significantiyvker
median concentrations of 0.003 and 0.011 mg/l,aeseely.

The median concentrations of chromium in the stahged from 0.002 to 0.100 mg/l. The lowest median
concentration (0.002 mg/l) was observed in soil IsveDther types of well waters had the median
concentrations of 0,004 — 0,020 mg/Il. In water mtest by waterworks, the concentrations were sigaiftly
higher, with the median concentration being 0.1lmgamples exceeding the limit value in the Finnish
decree on drinking water were observed in one watds and in occasional well water samples from the
SYKE data.
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EAS has proposed a limit value of 1.8 mg/l for digfon of copper when metal alloys are being tste
which is 90 % of the limit value in DWD and the Rish decree on drinking water (2.0 mg/l). Majoratfy
water samples provided by the waterworks in thdyshad copper concentration of 1.0 mg/l or lesstand
the proposed limit value of EAS is suited for tladitions in Finland.
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Figure 13. Copper.Concentration in water provided by waterworkshia years 2000 — 2007 (A and B) and
in well waters from the GTK data (years 1999 — 200&l the SYKE data (years 2000 — 2007) (C). The
effects of the network and sampling on the coppecentration in drinking water provided by the
waterworks (D). Cul is water pumped from waterwarnits the network, Cu2 is stagnated network water,
and Cu3 is flowing network water. The maximum conragion of GWd 4.3 mg/l is not visible in the plot

6.1.7 Lead (Pb)

Lead is a potent neurotoxin that accumulates ih tssfues and bone over time. Lead might be prasent
drinking water since lead is used in many metalyall
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Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
site in the network and sampling method e.g. orcentration of lead in drinking water. Samples weaken
from water pumped from waterworks into the netwdrkm stagnated network water, and from flowing
network water. With the exception of a few sam@kspecimens were below the detection limit (sgfl).

At this detection sensitivity one can conclude theither site in the network nor sampling methopesgped
to have any effect on the concentration of leadrinking water.

The median concentrations of lead in the study ednffom 0.05 to 5.0Qug/l. The lowest median
concentration (0.0fg/l) was observed in soil wells. In drilled wellscaseparate wells from the SYKE data,
the median concentrations were between 0.15 arfy@4. In water provided by waterworks, the median
concentration was flg/l. The highest median concentration gidil was observed in water combined from
several wells from the SYKE data. Water provideduagerworks was in accordance with the Finnishekecr

on drinking water. A few well water samples excektie limit value set in the Finnish decree onkirig
water.
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Figure 14. Lead.Concentration in water provided by waterworkshie years 2000 — 2007 (A and B) and in
well waters from the GTK data (years 1999 — 2008) the SYKE data (years 2000 — 2007) (C). The
maximum concentrations that are not visible inglués are GWd 19 pg/l, GWdib 32 pg/l, and GWs 18.ug

EAS has proposed a limit valuey®/I for dissolution of lead when metal alloys aedng tested which is
50% of the limit value in DWD and the Finnish dexi@n drinking water (1Qg/l). Water provided by the
waterworks in the study had lead concentration pd/bor less and thus the proposed limit value ofSE#&
suited for the conditions in Finland.
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6.1.8 Nickel (Ni)

Nickel is a potential allergy-evoking metal whickayngain access to the drinking water from mineo&lsoil
and bedrock and from metal alloys used in watén@s$ in real estates.

Additional measurements were carried out in thermat2007 in order to determine the possible effetts
state of the network and sampling method e.g. enctincentration of nickel in drinking water. Sansple
were taken from water pumped from the waterworks the network, from stagnated network water, and
from flowing network water. With the exception ofew samples, all specimens were below the detectio
limit (<1 or <4 ug/l). At this detection sensitivity, it appears tthwither the state of the network nor
sampling method has any effect on the concentrafionickel present in drinking water.
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Figure 15. Nickel. Concentration in water provided by waterworkshia years 2000 — 2007 (A and B) and
in well waters from the GTK data (years 1999 — 2086d the SYKE data (years 2000 — 2007) (C). The
maximum concentrations that are not visible inglas are GWd 277 pg/l, GWdib 68 pg/l, and GWs 380

pall.

The median concentrations of nickel in the studggeal from 0.4 to 10.Qug/l. The lowest median
concentrations (0.4 and O8)/l) were observed in drilled and soil wells. Thedian concentration was
3.0ug/l in water provided by waterworks and separatélswieom the SYKE data. The highest median
concentration of 1Qug/l was observed in water combined from severalsafiedbm the SYKE data. There
were samples exceeding the limit value of the Bimmdecree on drinking water observed in all types o
water specimens in this study.
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EAS has proposed a limit value of i/l for dissolution of nickel when metal alloys dreing tested which
is 50 % of the limit value in DWD and the Finnishcdee on drinking water (20g/1). In all, 4 % of the
waterworks in the study provided water whose nickelcentration exceeded 1@/I. Due to the rather high
concentration of nickel in Finnish drinking wataickel dissolving from materials should be redudezhe
wishes to comply with the proposed concentratiothenEAS. On the other hand, the limit value pregos
by WHO for concentration of nickel in drinking waie 70ug/l and therefore it is possible that limit values
in the DWD, the Finnish decree on drinking watexd also the EAS will be changed. Currently the kirig
water directive is being revised (May 2008).

6.1.9 Selenium (Se)

Selenium is a metal present in soil and bedroclclvis toxic at high concentrations. Selenium mighter
the drinking water supply from the fertilizers useagriculture.
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Figure 16. Selenium.Concentration in water provided by waterworksha tears 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192®66) and the SYKE data (years 2000 — 2007) (C).

The median concentrations of nickel in the studggeal from 0.4 to 5.Qug/l. The lowest median
concentrations (<0.5 and O)/l) were observed in soil and drilled wells andseparate wells from the
SYKE data. In water provided by waterworks and watembined from several wells from the SYKE data,
the median concentration was significantly highe®, ug/l. With the exception of one sample from water
combined from several wells, all results were ioondance with the Finnish decree on drinking water.
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The EAS has proposed a limit value ofid/l for dissolution of selenium when metal alloys &eing tested
which is 50 % of the limit value in DWD and alsotb& Finnish decree on drinking water (@d1). Water
provided by the waterworks in the study had selen@@ncentration of g/l or less and thus the proposed
limit value of EAS is suited for the conditionskmland.

6.2 Metals subject to quality recommendations

6.2.1 Aluminium (Al)

Aluminium is a metal present in soil and bedrock@nals. Aluminium may also originate from chemicals
used in water treatment and from the network maerSome of aluminium in drinking water is bound t
organic matter.

Additional measurements were carried out in theraat2007 in order to determine the possible effetts
the network site and sampling method e.g. on timeetration of nickel in drinking water. Samplesrave
taken from water pumped from the waterworks int® tietwork, from stagnated network water, and from
flowing network water. With the exception of a f@amples all specimens were below the detection limi
(<10 or <20ug/l). At this detection sensitivity, it appeareatimeither the state of the network nor sampling
method has any effect on the concentration of alium present in drinking water.

The median concentrations of aluminium in the stualyged from 1.0 to 20.0g/l. The lowest median
concentration (3.@ug/l) was observed in drilled wells. In soil welisells from the SYKE data, and water
provided by waterworks the median concentrationgewsignificantly higher, 20 — 22ig/l. Three
waterworks, soil and drilled wells and separatelsMebm the SYKE data had some samples exceedig th
guide value in the Finnish decree on drinking wa¥ater combined from several wells from the SYKE
data was in accordance with the decree.

The EAS has proposed a limit value of 1a§1 for dissolution of aluminium when metal allogge being
tested which is 50 % of the limit value in DWD ath@ Finnish decree on drinking water (2a¢1). In all,

4% of the waterworks in the study provided a watmple with a concentration of aluminium exceeding
100 ug/l. Due to the fairly high concentration of alumim in Finnish drinking water, attempts must be
made to reduce the aluminium dissolving from materio achieve water complying with the proposed
concentration in the EAS.
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Figure 17. Aluminium. Concentration in water provided by waterworksha years 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192®66) and the SYKE data (years 2000 — 2007) (3. Th
maximum concentrations that are not visible inplots are GWd 25 700 pg/l, GWdib 2 750 pg/l, ands$GW
10 000 pgl/l.

6.2.2 Manganese (Mn)

Manganese is a metal which might cause a foul &steodour and black residues fouling pipes anémwat
fittings. Manganese gain access to drinking watanfsoil and bedrock minerals.

Additional measurements were carried out in theraat2007 in order to determine the possible effetts
position in the network and sampling method e.gcamcentration of manganese in drinking water. Sasnp
were taken from water pumped from the waterworks the network, from stagnated network water, and
from flowing network water. The median concentrasiovere around the same order of magnitude, 2.0 — 3
ug/l (Figure 18D).
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Figure 18. ManganeseConcentration in water provided by waterworkshia years 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192®66) and the SYKE data (years 2000 — 2007) (C).
Effects of position in the network and sampling ineet on concentration of manganese in drinking water
provided by waterworks (D). Mn1 is water pumpedririne waterworks into the network, Mn2 is stagnated
network water, and Mn3 is flowing network water €lihaximum concentrations that are not visible & th
plots are GWd 15 600 pg/l, GWdib 4 140 pg/l, GWD0R pg/l, and GWm 1 90ay/I1.

The median concentrations of manganese in the swayed from 2.0 to 73.(g/l. The lowest median
concentrations (2.0 — 5;@/l) were observed in flowing network water in thepplemental measurements
and in soil wells. In water provided by waterwork®e median concentration was A&/|l. In drilled wells
and water types from the SYKE data the median cunations varied between 20 — 2@/l. Samples
exceeding the guide value in the Finnish decredrorking water were observed in all water typeshis
study.
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The EAS has a proposed limit value of 2%/ for dissolution of manganese when metal allayes being
tested which is 50 % of the limit value in DWD aslmas the Finnish decree on drinking water (§d). In

all, 7 % of the waterworks in the study providedater sample whose concentration of manganese @ésdee
25 pg/l. Because of the fairly high concentration ofnganese in Finnish drinking water, the amount of
manganese dissolving from materials needs to beceed if water is to comply with the proposed
concentration in the EAS.

6.2.3 Sodium (Na)

Sodium in drinking water can originate from a vgrief sources e.g. soil, bedrock, de-icing salt] amter
treatment chemicals.

The median concentrations of sodium in the studyged from 4.0 to 13.0 mg/l. The lowest median
concentration of 4 mg/l was observed in soil wdllswater provided by waterworks and waters from th
SYKE data, the median concentrations were 8 — 1/1. fge highest median concentration (13 mg/l) was
observed in drilled wells. With the exception ofrgdes from one waterworks and the occasional watevs
listed in the SYKE data, all results were in acemck with the Finnish decree on drinking water.
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Figure 19. Sodium.Concentration in water provided by waterworkshe years 2000 — 2007 (A and B) and
in well waters from the GTK data (years 1999 — 2086d the SYKE data (years 2000 — 2007) (C). The
maximum concentration of GWs 431 mg/l is not visilnl the plot.
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6.2.4 Iron (Fe)

Iron is a metal which might cause foul taste anoundnd lead to the formation of rust residuesipegpand
water fittings. Iron might gain access to drinkimgter from soil and bedrock and corrosion prodircis
the network materials.

Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
the state of the network and sampling method enghe concentration of iron in drinking water. Sesp
were taken from water pumped from the waterworks the network, from stagnated network water, and
from flowing network water. The median concentrasiavere around the same order of magnitude 14 — 25
ug/l (Figure 20D).
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Figure 20. Iron. Concentration in water provided by waterworkshia years 2000 — 2007 (A and B) and in
well waters from the GTK data (years 1999 — 200%) the SYKE data (years 2000 — 2007) (C). Effetts o
the network position and sampling method on thecentration of iron in drinking water provided by
waterworks (D). Fel is water pumped from waterwanks the network, Fe2 is stagnated network water,
and Fe3 is flowing network water. The maximum caonicdions that are not visible in the plots are GWd
133 000 pg/l, GWdib 39 900 ug/l, GWs 85 000 ugi &Wm 19 00Qug/l.
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The median concentrations of iron in the study eahffom 14 to 7lug/l. The median concentration was
30ug/l in soil wells, drilled wells, and waters combéthfrom several wells (SYKE data). In water prodde
by waterworks, the median concentration wasugt and in flowing network water in the samples foe
additional measurements it wasigll. In separate wells from the SYKE data, the medioncentration was
50 ug/l. A few samples exceeding the guide value ofRimmish decree on drinking water were observed in
all water types of the study.

The EAS has a proposed limit value of 1§ for dissolution of iron when metal alloys areiry tested
which is 50 % of the limit value in DWD and the Rish decree on drinking water (206/1). Quite many,

10 %, of the waterworks in the study provided wathpse concentration of iron exceeded f§0. Due to
the fairly high concentration of manganese in Bhnirinking water, attempts should be made to reduc
manganese dissolving from materials so that watercomply with the iron guidelines proposed in BAS.

6.3 Other metals

6.3.1 Molybdenum (Mo)

Molybdenum can gain access to the drinking watdwaoek from acid-proof steel used in the network
materials.

Information on concentration of molybdenum in wateovided by waterworks and the possible effects of
the network and sampling on the concentration vedieated with additional measurements in the autumn
2007.

Water samples were taken from seven large watesrdfk intake plants) and six medium-sized watera/ork
(7 intake plants). Samples were taken from watengmd from waterworks into the network, from stagdat
network water, and from flowing network water. larde waterworks, the median concentration was
somewhat higher in water pumped from the waterwainks the network (0.41g/l) than in both of the
network waters (0.1ug/l) (Figure 21A). With medium-sized waterworksetmajority of the results were
below the detection limit. The type of sampling didt seem to have any effect on concentration of
molybdenum present in drinking water.

The median concentrations of molybdenum in theystatiged from 0.2 to 2.0g/l. There is no limit or
guide value for the concentration of molybdenunthe Finnish decree on drinking water. The EAS has
proposed a limit value of 4/l for dissolution of molybdenum when metal produare being tested which
is 50 % of the suggested limit value in drinkingteva(20pg/l). The recommendation from WHO about the
concentration of molybdenum in drinking water i€ fig/l. All samples from the waterworks had
concentration of molybdenum below 1@/l and thus the proposed limit value of EAS istedifor the
conditions in Finland.
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Figure 21. Molybdenum.Concentration in water provided by large watersgdrkthe year 2007 (A) and in
well waters from the GTK data (years 1999 — 2008) the SYKE data (years 2000 — 2007) (B). Mol is
water pumped from waterworks into the network, MseZtagnated network water, and Mo3 is flowing
network water.

6.3.2 Zinc (Zn)

Zinc might gain access to the drinking water nelwaiter dissolving from the galvanized steel anasbr
used in the network materials.

Information on concentration of zinc in water pamd by waterworks and the possible effects of the
network and sampling on the concentration was c@te during additional measurements in the autumn
2007. Water samples were taken from seven largerwatks (15 intake plants) and six medium-sized
waterworks (7 intake plants). Samples were takem fthe water being pumped from the waterworks into
the network, from stagnated network water, and fritowing network water. The results from these
measurements revealed that the concentration of @ld vary significantly according to the way of
sampling (Figure 22A). In water pumped from the emabrks into the network, the median concentration
was 2.0upg/l in large waterworks and 194/l in medium-sized waterworks. The clearly higineedian
concentrations were observed in the stagnated watsth large and medium-sized waterworks, 99 2ihd
ug/l, respectively. The maximum concentration ofczaetected was 1400g/l. A sample taken after the
water had been flowing exhibited median concemnatiof 8ug/l in large waterworks and @/l in medium-
sized waterworks.

The median concentrations of zinc in the study ednfgom 2.0 to 99.Qg/l. There is no limit or guide value
for the concentration of zinc in the Finnish deapeedrinking water. The EAS has a proposed limitigaof
2.7 mg/l (2700ug/l) for dissolution of zinc when metal product® dreing tested which is 90 % of the
suggested limit value in drinking water and theeréhis also the WHO’s recommendation (3.0 mg/l 6880
ug/l). In water pumped from the waterworks into thetwork and in flowing network water the
concentration of zinc was 38/l or less. In stagnated water the concentratiarire was 985ug/l or less.
Therefore, the suggested limit value of EAS isexuiior the conditions in Finland.
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Figure 23. Zinc. Concentration in water provided by large watengoitk the year 2007 (A) and in well
waters from the GTK data (years 1999 — 2006) ardIMKE data (years 2000 — 2007) (B). Zn1 is water
pumped from waterworks into the network, Zn2 isgetted network water, and Zn3 is flowing network
water.

6.3.3 Tin (Sn)

In the drinking water network, tin can dissolvenfronetal alloys, coatings, and solders used in dieark
materials.

Information on concentration of tin in water prositiby waterworks and the possible effects of the/ork

and sampling on the concentration was collectel aitditional measurements in the autumn 2007. Water
samples were taken from seven large waterworksntike plants) and six medium-sized waterworks (7
intake plants). Samples were taken from the watenged from the waterworks into the network, from
stagnated network water, and from flowing netwoektev. All results were below the detection limi0 (85,
<0.5, or <1.0ug/l). At this detection sensitivity it seems tha&ither the state of the network nor sampling
method has any effect on the concentration ofrtidrinking water.

The median concentrations of tin in the study ranfyjem <0.05 to 1.0Qug/l. There is no limit or guide
value for concentration of tin in the Finnish decren drinking water nor any level listed by WHO.
According to EAS, a suggested limit value for digon of tin when metal products are being tegsed.0
mg/l (3000ug/l) which is 50 % of the suggested limit valueditinking water (6.0 mg/l = 6000g/1). In the
water provided by waterworks concentration of tiasvioelow 1.Qug/l so the suggested limit value of EAS is
suited to the conditions in Finland.
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Figure 24. Tin. Concentration in well waters from the GTK datagfge1999 — 2006) and the SYKE data
(years 2000 — 2007).

6.3.4 Titanium (Ti)

Titanium can enter the drinking water network afteing dissolved from the metal alloys used in the
network materials. Titanium is an impurity in thesetal alloys.

Information on concentration of titanium in wateoyded by waterworks and the possible effectshef t
network and sampling on the concentration wereect#d with additional measurements in the autumn
2007. Water samples were taken from seven largerwatks (15 intake plants) and six medium-sized
waterworks (7 intake plants). Samples were takemfwater pumped from waterworks into the network,
from stagnated network water, and from flowing ratwvater. All results were below detection lim#0(5

or <5.0ug/l). At this detection sensitivity, neither netwosite nor sampling method seems to have any
effect on the concentration of titanium preserdrinking water.

There is no limit or guide value provided for tlencentration of titanium in the Finnish decree ankdng

water nor is any guide value given by WHO. The E#&8poses a limit value of 7%/l for dissolution of
titanium when metal products are being tested w0 % of the suggested limit value in drinkingter
(15 ug/l). In the water provided by the waterworks, toacentration of titanium was below u@/l and thus
the suggested limit value of EAS is suited for¢baditions in Finland.

6.3.5 Bismuth (Bi)

Information on concentration of bismuth in the waievided by waterworks and the possible effethe
network and sampling on the concentration was supghted with additional measurements in the autumn
2007. Water samples were taken from seven largerwatks (15 intake plants) and six medium-sized
waterworks (7 intake plants). Samples were takem fthe water pumped from waterworks into the nekwor
from stagnated network water, and from flowing ratwwater. All results were below detection limit
(<0.02 or <1.00ug/l). At this detection sensitivity, neither theatgt of the network nor sampling method
seems to have any effect on the concentrationsofilh present in drinking water.

The median concentration of bismuth in the study wa.0pug/l. There is no limit or guide value for
concentration of bismuth in the Finnish decree pnkthg water nor one given by WHO. The EAS has a
suggested limit value of 940y/ for dissolution of bismuth when metal produate being tested which is
90% of the suggested limit value in drinking waf&0 ug/l). In the water provided by waterworks the
concentration of bismuth was below L/ and thus the proposed limit value of EAS israppiate for the
conditions in Finland.
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Figure 25. Bismuth.Concentration in well waters from the GTK dataafge1999 — 2006) and the SYKE

data (years 2000 — 2007).

Summary of metals in drinking water:

Water provided by waterworks was in accordance thighFinnish decree on drinking water with respect

to antimony, arsenic, mercury, cadmium, chromiuwpper, lead, selenium, aluminium, and sodi
Concentrations of nickel, manganese, and iron ebagkémit or guide values of the decree in abob
of the water samples provided by waterworks and waters. Rather high concentrations of alumini
nickel, manganese, and iron are present in Findishking water and this should be taken i
consideration when EAS is being drafted.

um.
5
um,
nto

42



7 Chemicals and organic compounds

The Finnish decree on drinking water has limit ealfor several chemicals and organic compoundsi(&ig
26). In drinking water these compounds might affeeman health or promote microbial growth. These
compounds often gain access to drinking water @gs@at of human activity. In addition to environredn
pollution water treatment can be the reason whgalmmpounds enter drinking water or they may tisso
from the network materials. Reduction of the enwnental impact can be challenging. Changes in the w
that the network materials are chosen and watetmtent processes undertaken may represent thegaehn
to reduce the levels of these compounds in drinkiater and in this way to decrease their possiatenh

Finnish decree on drinking water

Acryl amide, benzene, benzo(a)pyrene, 1,2-dichloroethane,
epichlorohydrine, chlorophenols, polycyclic aromatic hydro-
carbons, cyanides, tetrachloroethylene and trichloro-
ethylene, pesticides, trihalomethanes, vinyl chloride

Effects/harm
Others - Health
Phthalates - Effects on microbial growth

Pharmaceutical products

Chemicals and
organic
compounds

Source

- Human activity

- Water treatment

(acryl amide, epichlorohydrine, trihalomethanes)
- Network materials

(PAH, 1,2-dichloroethane, epichlorchydrine,
vinyl chloride, phthalates)

Prevention and removal of harm

- Choices of materials

- Choices of water treatment chemicals
and processes

- Environmental legislation

Figure 26.Chemicals and organic compounds in drinking water.

Summary of chemicals and organic compounds in drinkg water:

Water provided by waterworks and well water wasaacordance with the Finnish decree on drinking
water. In a few well samples, the concentrationisesfzene and vinyl chloride exceeded the limit@alu
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8 Non-metals

There are limit values for three non-metals (botwomate, fluoride) listed in the Finnish decreedanking
water. The limit values are based on their hedfcts. Non-metals can gain access to drinking maten
soil or from human activities, e.g. ozonizationv&al options are available to decrease the hatsechby
these non-metals but their origin needs to be takerconsideration when evaluating the options.

Finnish decree on drinking water
- Boron
- Brotiate Effects/harm
- Fluoride - Health
Non-metals
\\
SL_rce . Prevention and removal of harm
) aml (B,.F ). ; - Environmental legislation
- umar; aCFIVIty - Choice of raw water source
(B, BrC_) ; F ) _— - Choice of water treatment processes
- Ozonization of drinking water
(Bro#)

Figure 27.Non-metals in drinking water.

8.1.1 Fluoride (F)

The limit value for fluoride (1.5 mg/l) is based @a harmful health effects. Fluoride can entenking
water from soil and bedrock minerals or via thensival industry.

The median concentrations of fluoride in the stuwdgged from <0.1 to 0.4 mg/l. The lowest median
concentration was in soil wells. In waters combifredn several wells (SYKE data) and water provitgd
waterworks, the median concentration was 0.1 -n@2. The highest median concentration of 0.4 mg/s
detected in drilled wells. Several samples excegtlie guide value of the Finnish decree on drinkitager
were observed in soil wells, drilled wells, andagpe wells from the SYKE data. In addition, somegles
from waterworks exceeded the limit value. All saagpfrom water combined from several wells were in
accordance with the Finnish decree on drinking wate
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Figure 28. Fluoride. Concentration in water provided by waterworkshia years 2000 — 2007 (A and B)
and in well waters from the GTK data (years 192®66) and the SYKE data (years 2000 — 2007) (C).

Summary of non-metals in drinking water:

Water provided by waterworks and well water wasagtordance with the Finnish decree on drink

ing

water with respect to boron and bromate. About Df4he waterworks in the study provided water

samples whose concentration of fluoride exceededirthit value of the decree. Furthermore, in al®eb

of the well water samples in the study, the lingitue for fluoride was exceeded.

45



9 Technical and aesthetical quality

The quality of drinking water can be influencedthg durability of the metallic, cement based, alas$tc
network materials since these are subject to comoand dissolution. Parameters affecting the teethn
quality of drinking water are for example pH, alkély, hardness, amount of chlorides and sulphates,
electric conductivity, and carbon dioxide. Paramgeteeflecting the aesthetic quality of drinking wat
include odour, taste, turbidity, and colour, aslas| the levels of iron and manganese. Iron anuyarzese
have been discussed in Chapter 5 (Metals).

There are guide values for some of the above megdiparameters in the Finnish decree on drinkingmwa
(Figure 29) but there are also parameters withaidegor limit values, e.g. alkalinity and hardnesgen
though those can affect the technical quality ohldng water. Parameters discussed in this chagter
related to the aesthetical features of drinkingewand the durability of the network materials. The
concentrations of these parameters in drinking wate affected by the quality of raw water and wate
treatment chemicals. The harmful effects causethége parameters might be reduced by applyingldeita
water treatment procedures and using compatibieanktmaterials.

Finnish decree on drinking water
pH, CI-, SO,%, electric conductivity,
odour and taste, turbidity, colour

Effects/harm

- Durability of network materials

(pH, CI-, SO,4%, EC, alkalinity, hardness,
Ca, Mg, Si0;, O;, COZ)

Others :
— - Aesthetic
alkalinity, hardness, Ca, Mg, (odour, taste, turbidity, colour)
Si0,, 05, CO, ' ’ ’
Technical and aesthetical

Source
- Environmental factors Prevention and removal of harm
(pH, CI, 80,7, EC, odour, taste, turbidity, colour, - Water treatment
alkalinity, hardness, Ca, Mg, SiO;, O,, COy) - Choice of network materials
- Water treatment chemicals
(Cl-, S0O,4%)

Figure 29. Parameters indicating the technical and aestheficdity of drinking water.

9.1 Parameters indicating the technical and aestheticajuality subject to quality
recommendations

9.1.1 pH

pH value indicates the acid content of water. Farrtiore, there is a correlation between the acidectrof
water and its aggressivity. The guide value inRlmmish decree on drinking water for pH is 6.55.9.
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Figure 30. pH.Values in drinking water provided by waterworkgte years 2000 — 2007 (A and B) and in
well waters from the GTK data (years 1999 — 2008€) the SYKE data (years 2000 — 2007) (C). Plot D
displays the relationship between water neutrajizifth alkaline chemicals (Alk) and pH in mediunzesi
waterworks in 2007. Effects of network and sampliog pH values in drinking water provided by
waterworks in 2007 (E). pH1 is water pumped frora thaterworks into the network, pH2 is stagnated
network water, and pH3 is flowing network watert®&om plots D and E is not included in plots ABr
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In order to establish the correlation between pH @a@utralizing techniques, additional measuremesi®e
conducted in medium-sized waterworks. A total ofwB#terworks provided data of pH, and 65 of these 89
plants used neutralizing and 19 did not, 5 wateke/alid not provide data about their neutralizinggpices.
The median value of pH in these 89 waterworks wagFigure 30D). The median value in the waterworks
using neutralizing was almost one unit higher camgdo the corresponding value in those waterwtrés

did not use it, 7.6 and 6.7 respectively. In wategks using neutralizing, 90 % of pH values wereneen

6.4 and 8.7 and in waterworks not using neutragiA0 % of pH values were between 5.7 and 8.2. A few
samples of both types of water had pH values belmMower guide value of the decree (6.5), thusdpei
more likely in waterworks not using neutralizingomé of the samples had pH above the higher guille va
of 9.5.

Information on values of pH in water provided bytaravorks and the possible effects of the networtt an
sampling on the values were collected with additiomeasurements in the autumn 2007. Samples were
taken from water pumped from waterworks into théwoek, from stagnated network water, and from
flowing network water. In different types of watéhe median values were somewhat the same 7.6 — 7.7
(Figure 30E).

Range of the median values of pH in the study wés-83.0. The lowest median values (6.6) were ih so
wells, in separate wells from the SYKE data, andvaters combined from several wells (SYKE data). In
water provided by waterworks and in drilled wellse median values were 7.3 — 7.7. All water types
contained samples that had values below the lowidlegralue (6.5) of the Finnish decree on drinkirader.
These low values were more common in well wateas ih waters provided by waterworks, 30 % and 8 %
respectively. Only a few samples from well wateravabove the higher guide value (9.5) of the Fimnis
decree on drinking water.

9.1.2 Chloride (Ci)

The guide value for chloride (250 mg/l) in the Rgimdecree on drinking water is based on its tastethe
characteristics that induce corrosion. In ordgorevent corrosion of the network materials, ther@estates
that concentration of chloride should be below 2§InChloride can access drinking water from sdé;

icing salt, and water treatment chemicals.

Additional measurements were carried out in theraat2007 in order to determine the possible effetts
the network and sampling e.g. on the concentraifachloride in drinking water. Samples were takeanf
water pumped from waterworks into the network, fret@gnated network water, and from flowing network
water. The median concentrations were around time ga&der of magnitude 7.5 — 8.1 mg/l (Figure 31D).

The median concentrations of chloride in the stahged from 1.0 to 10.0 mg/l. The lowest mediamesl
(1.0 and 3.0 mg/l) occurred in soil wells and iillgd wells. In water provided by waterworks andtime
groundwater data from SYKE, the median concentnatiwere between 8.0 and 10.0 mg/l. Water provided
by waterworks was in accordance with the Finnistrele on drinking water. In a few well water samples
the concentrations exceeded the guide value dfitlrésh decree on drinking water for small unitsabout

10 % of the waterworks the guide value stated deoto prevent corrosion (25 mg/l) had been exadede
well waters these non-adherent samples were presgft— 25 % of all samples.
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Figure 31. Chloride. Concentrations in drinking water provided by waterke in the years 2000 — 2007 (A
and B) and in well waters from the GTK data (yeE®99 — 2006) and the SYKE data (years 2000 — 2007)
(C). Effects of network and sampling on pH valuesliinking water provided by waterworks in 2007 .(D)
CI1 is water pumped from the waterworks into thémoek, CI2 is stagnated network water, and CI3 is
flowing network water. Data from plot D is not inded in plots A or B.

9.1.3 Sulphate (S¢)

The guide value for sulphate (250 mg/l) describedhe Finnish decree on drinking water is basedasn
taste and the characteristics that induce corrogitois possible that sulphate present in drinkingter
originates from soil or from the precipitants ugeevater treatment.

Additional measurements were carried out in theraat2007 in order to determine the possible effetts
the state of the network and sampling method engthe concentration of sulphate in drinking water.
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Samples were taken from water pumped from the watds into the network, from stagnated network
water, and from flowing network water. The mediapnaentrations were around the same order of
magnitude 11 — 21 mg/l (Figure 32D). The highestliare concentration was in the water pumped from the
waterworks into the network.
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Figure 32. Sulphate Concentrations in drinking water provided by waterike in the years 2000 — 2007 (A
and B) and in well waters from the GTK data (yeEd99 — 2006) and the SYKE data (years 2000 — 2007)
(C). Effects of network and sampling on concentratf sulphate in drinking water provided by waterks

in 2007 (D). SO4-1 is water pumped from the wateksanto the network, SO4-2 is stagnated network
water, and SO4-3 is flowing network water. Datarfrplot D is not included in plots A or B.

The median concentrations of chloride in the stahged from 10 to 32 mg/l. The lowest median va(i€s
— 12 mg/l) were detected in soil wells and in wateosvided by waterworks. In drilled wells and ireth
groundwater data from SYKE, the median concentnatias 15 mg/l. The highest median concentration of

50



32 mg/l was observed in waterworks using surfacemv&Vater provided by waterworks and well wateswa
in accordance with the Finnish decree on drinkirger In a few well water samples, the concentnatio
exceeded the guide value listed in the Finnishedeon drinking water for small units. Water provddsy
waterworks was also in accordance with the guideevgiven to prevent corrosion (<150 mg/l). In avfe
well water samples, this guide value was exceeded.

9.1.4 Electric conductivity (EC)

Electric conductivity (EC) in drinking water is afiutable to the ions of dissolved salts i.e. tyyeetand
amount of these ions. The guide value of the Findiscree on drinking water (at 20 °C 25@)cm = 250
mS/m) is not based on health effects.

Additional measurements were carried out in theraat2007 in order to determine the possible effetts
network site and sampling method e.g. on EC inkingpp water. Samples were taken from water pumped
from waterworks into the network, from stagnatedmoek water, and from flowing network water. The
median concentrations were around the same ordeaghitude 17 — 19 mS/m (Figure 33D).

The median concentrations of EC in the study rarfiged 7 to 25 mS/m. The lowest median values (2 -1
mS/m) were detected in the small waterworks andagadis. In water provided by waterworks and in the
groundwater data from SYKE, the median values Wére 19 mS/m. The highest median value of 25 mS/m
was in drilled well waters. Water provided by waterks was in accordance with the Finnish decree on
drinking water as were the water samples from tbergwater data from SYKE except for a few well
samples.

9.1.5 Odour and taste

Flaws of odour and taste in drinking water are edusy organic compounds, their decomposition prsduc
or compounds that can be formed when water tredtrtie@micals react with organic compounds. the
recommendation in the Finnish decree on drinkintewstates that odour and taste should be “acdeptiab
consumers with no abnormal changes”.

Almost all of the waterworks in the study provideimples that were in accordance with the Finnishege
on drinking water with respect to odour (90 %) saste (91 %).
9.1.6 Turbidity

Turbidity in water is mainly caused by clay, iramd colloidal compounds.

The recommendation in the Finnish decree on drinkiater states that turbidity should be “acceptable
consumers with no abnormal changes”. In all, 88f%e waterworks providing samples in the studyever
in accordance with the Finnish decree on drinkirsgewas for turbidity. The median values for tuityigh
the study were 0.1 — 0.4 NTU.

9.1.7 Colour
Colour in drinking water might be attributable tmanic compounds, iron, and manganese. Colour das n

direct correlation with the health effects of diimkwater.

The recommendation in the Finnish decree on drinkimter states that colour should be “acceptable to
consumers with no abnormal changes”. Almost all%Q0of the waterworks in the study provided samples
that were in accordance with the Finnish decrealmmking water as for colour. The median values for
colour in the study were 4.0 — 8.0 mg/l.
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Figure 33. Electric conductivity. Values in drinking water provided by waterworkgtie years 2000 —

2007 (A and B) and in well waters from the GTK dgtears 1999 — 2006) and the SYKE data (years 2000
2007) (C). Effects of network and sampling on E@iimking water provided by waterworks in 2007 (D).
EC1 is water pumped from the waterworks into thevoek, EC2 is stagnated network water, and EC3 is
flowing network water. Data from plot D is not inded in plots A or B. The maximum value of GWd 513
mS/m is not visible in the plot.
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9.2 Other parameters affecting technical and aesthetat quality of drinking water

9.2.1 Alkalinity

Alkalinity is a measure of the ability of drinkimgater to neutralize acids i.e. to resist pH chang#slinity
is caused by bicarbonates (HEQcarbonates (C#), and hydroxides (OM Low alkalinity (<0.6 mmol/l)
might cause corrosion of metallic materials.

In order to establish the correlation between aikgland neutralizing techniques, additional meaments
were conducted in medium-sized waterworks. A totél9 waterworks provided data of alkalinity arisld
these plants used neutralizing and 19 did not, terw@rks did not provide data about their neutiadjz
practices. The median value of alkalinity in th&8%ewaterworks was 0.9 mmol/l (Figure 34D). The raedi
value in the waterworks using neutralizing was &nas high as the corresponding value in those watks
that did not follow this practise i.e. 1.0 and Oe&spectively.

Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
network and sampling e.g. on alkalinity in drinkiwgter. Samples were taken from water pumped fiam t
waterworks into the network, from stagnated netwaweker, and from flowing network water. The median
concentrations were around the same order of maigitl.1 — 1.2 mmol/l (Figure 34E).

The median values of alkalinity in the study ranffedh 0.2 to 1.8 mmol/l. The lowest median valu@ -
0.7 mmol/l) were observed in small waterworks, salls, and wells in the groundwater data from SYKE
Water provided by other waterworks had the medarcentrations of 0.7 — 1.3 mmol/l. In drilled wellse
median concentration was clearly the highest, Tr&®Hh.
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Figure 34. Alkalinity. Concentration in drinking water provided by waterkgoin the years 2000 — 2007 (A
and B) and in well waters from the GTK data (yeE#99 — 2006) and the SYKE data (years 2000 — 2007)
(C). Plot D displays the relationship between watartralizing (Alk) and alkalinity in medium-sized
waterworks in 2007. Effects of state of the netwamkl sampling method on alkalinity in drinking wate
provided by waterworks in 2007 (E). Alk1 is watemgped from waterworks into the network, Alk2 is
stagnated network water, and Alk3 is flowing netewwater. Data from plots D and E is not included in
plots A or B. The maximum concentrations that areuisible in the plots are GWd 8.2 mmol/l, GWdil8 6
mmol/l, and GWs 10.7 mmol/l.
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9.2.2 Hardness

Hardness indicates quality of water and is attéblg to dissolved mineral salts: calcium sulphates,
magnesium sulphates, magnesium chlorides and magngshosphates. Hardness can be divided into
bicarbonate hardness and mineral acid hardnesdengporary and permanent hardness, respectively.
Bicarbonate hardness is caused by calcium and reagnéicarbonates whereas mineral acid hardness is
caused by salts of mineral acids (sulphate, ctdpptiosphate). Hardness has an effect on the aggresf
water. Hardness is graded according to concemratiery soft (<0.5 mmol/l), soft (0.5 — 1.0 mmal/l)
medium hard (1 — 2 mmol/l), hard (2 — 4 mmol/l)damry hard (>4 mmol/l).

In order to establish the correlation between hegsdrand neutralizing techniques, additional measemes
were conducted in medium-sized waterworks. 90 watdss provided data of hardness and 66 of these
plants used neutralizing whereas 19 did not, 5 meeks did not provide data about their neutratizin
practices. The median value of hardness in thesga@rworks was 0.4 mmol/l (Figure 35D). The median
value in the waterworks using neutralizing was sehe higher than the corresponding value in those
waterworks that did not i.e. 0.4 and 0.3, respebtiv

Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
state of the network and sampling method e.g. adness of drinking water. Samples were taken from
water pumped from the waterworks into the netwdrem stagnated network water, and from flowing
network water. The median concentrations were atdiie same order of magnitude 0.4 — 0.6 mmol/l
(Figure 35E).

The median values of hardness in the study ranged 0.2 to 0.7 mmol/l which indicates that waters i
Finland are soft and even very soft in some aréas. lowest median values (0.2 — 0.4 mmol/l) were
observed in small waterworks, soil wells, and medsized waterworks found in the additional
measurements. Large waterworks and well waters then8YKE data had the median concentrations of 0.5
— 0.6 mmol/l. In drilled wells, the median concatitvn was 0.7 mmol/l.
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Figure 35. Hardness.Concentration in drinking water provided by waterkgin the years 2000 — 2007 (A
and B) and in well waters from the GTK data (yeEd99 — 2006) and the SYKE data (years 2000 — 2007)
(C). Plot D displays the relationship between wateutralizing (Alk) and hardness in medium-sized
waterworks in 2007. Effects of network and sampbinghardness in drinking water provided by wateksor

in 2007 (E). Hardnessl is water pumped from theemadrks into the network, Hardness2 is stagnated
network water, and Hardness3 is flowing networkenabData from plots D and E is not included in plét

or B. The maximum concentration of GWd 11 mmolthd visible in Plot C.
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9.2.3 Carbon dioxide (C¢)

Carbon dioxide is the most important acid in dnirgkiwater. Carbon dioxide can gain access to drinkin
water from the atmosphere and the amount of @€pends on state of equilibrium between the athersp
and the water. C{has several effects one important being on theeaguyity of water.
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Figure 36. Carbon dioxide.Concentration in drinking water provided by waterksin the years 2000 —
2007 (A and B) and in well waters from the GTK dgtaars 1999 — 2006) and the SYKE data (years 2000
2007) (C). Effects of network and sampling on caontigion of CQ in drinking water provided by
waterworks in 2007 (D). CO2-1 is water pumped fiitv waterworks into the network, CO2-2 is stagnated
network water, and CO2-3 is flowing network wateata from plot D is not included in plots A or Bhg
maximum concentrations that are not visible in plats are GWd 290 mg/l, GWdib 165 mg/l, and GWm
103 mg/l.
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Additional measurements were carried out in theirmaat2007 in order to determine the possible effetts
state of the network and sampling method e.g. oeatration of carbon dioxide. Samples were takeim f
water pumped from waterworks into the network, fret@gnated network water, and from flowing network
water. The median concentrations in all these wategre around the same order of magnitude 2 mgl/l
(Figure 36D).

The median concentration of @@ the study ranged from 2 to 30 mg/l. The lowmsdian concentrations
(2.0 — 4.2 mg/l) were detected in the water prodidg waterworks. In drilled wells and the groundsvat
data from SYKE, the median concentrations of 12 6- mg/l were observed. The highest median
concentration, 30 mg/l, was found in soil wells.

Summary of parameters affecting the technical andesthetical quality of drinking water:

Water provided by waterworks was in accordance thighFinnish decree on drinking water with respect
to chloride, sulphate, and electric conductivitypoit 8 % of the waterworks in the study providederva
whose pH was below the lower guide value stateétardecree (6.5). About 10 % of the results faurd
taste, turbidity, and colour were not in accordamgth the recommendations. In order to prevent
aggressivity of drinking water additional limit veds for sulphate and chloride have been providdid, A
samples were in accordance with the additionaltliv@lue with respect to sulphate but 10 %] of
waterworks provided water that exceeded the adtditibmit for chloride.

Well waters were in accordance with the Finnishreeocon drinking water with respect to chloride,

sulphate, and electric conductivity. With regardspH, as many as 30 % of the results were below the
lower guide value stated in the decree (6.5). W&ispect to odour, taste, turbidity, and colour efllw
waters the decree’s recommendation is “acceptab®nsumers with no abnormal changes”. Howeyver,
the amount of analyses results for these parametessso low that comparison with the levels stated
the decree was not reasonable.

With respect to alkalinity, hardness, and conceiotmeof carbon dioxide there is no guide or limilwes
in the Finnish decree on drinking water. The medialnes for alkalinity, hardness, and CO2 in thelgt
were 0.2 — 1.8 mmol/l, 0.2 — 0.7 mmol/l, and 2 "3, respectively.
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10 Radioactivity

There are guide values for tritium and total inti@dose in the Finnish decree on drinking wakégifre
37). In addition, radioactivity of drinking wates regulated by the Finnish Radiation and Nucledet$a
Authority (Regulatory Guide ST 12.3 — Radioactivity Household Water). A major amount of the
radioactive substances in drinking water originfittam soil and bedrock, a very small proportion is
attributable to human activities. Harm caused ioactivity can potentially be prevented by choafe
location of the waterworks, choice of water sousc® water treatment.

Finnish decree on drinking water
Tritium, total indicative dose Effects/harm

. - Environment (tritium)
Regulatory Guide ST 12.3. Decree 401/2001 - Health (total indicative dose, total-a,
Total-a, total-B, Pb-210, Po-210, Ra-226, total-B, Pb-210, Po-210, Ra-226,
Rn-222, U, U-234, U-238 Rn-222, U, U-234, U-238)

Radioactivity

Source Prevention and removal of harm
- Sail (total indicative dose, - Choice of waterworks location
total-a, total-g, Pb-210, Po-210, - Choice of raw water source
Ra-226, Rn-222, U, U-234, U-238) - Water treatment

- Human activity

(tritium)

Figure 37.Radioactivity in drinking water.

The majority of internal radiation dose to whichopke in Finland are exposed is caused by natural
radioactive substances. Radiation always posesgkef inducing cancer. Drinking water containiragion
might cause a dose of radiation harmful to the atdmRadon can be absorbed from the gastrointestina
tract into the bloodstream and furthermore is eeckrérom the body through lungs by exhalation. Ayéa
amount of radon, possibly dissolved in drinking @vais released into the indoor air as a gas fample
during laundering or shower. Breathing radon sudpédnindoor air might increase the radiation dose
delivered to the lungs.

Long-lived radioactive substances consumed in drqkvater might increase the radiation dose torothe
internal organs as well. The chemical toxicity efinium is considered to be a more significant headk
than its radiation dose. However, the guide valoe dranium in drinking water is still based on its
radioactivity. The toxic effects of uranium are nigitargeted to kidneys and bones.

Summary of radioactive parameters in drinking water.

In surface waters, the activity concentrationsasfioactive substances are very low and no sampes|w
detected which exceeded the action limit valuethefFinnish decree on drinking water or the Finnish
Radiation and Nuclear Safety Authority (RegulatGyide ST 12.3 — Radioactivity of Household Water).
In soil groundwater, a few samples exceeding th#oraclimits have been observed. In bedrock
groundwater, the concentrations can be rather higth actions to prevent these limit values being
exceeded must be taken.
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11 Summary of water quality parameters

A study was carried out in 2007 concerning quaditydrinking water to obtain an extensive perspectf
the quality of drinking water in Finland by collewy detailed data from different size waterworksuend the
country. The study included wells, water coopeestiiand small, medium-sized, and large waterw@&ta
on drinking water were collected from raw waterthe consumer’s tap. The study was a follow-up ® th
study “Water Quality in Finland in Years 1984 — BO(Kein&nen-Toivola et al. 2007, in Finnish] comtied

in FIDW. This follow-up study “Quality of Finnish finking Water from Raw Water to Consumer’s Tap in
Years 1999 — 2007“ [Ahonen et al. 2008, in Finnisldjcated that the two greatest lack of informaticere

in the areas of quality of small waterworks andhtécal quality of drinking water in general.

All significant national authorities that monitonality of drinking water in Finland (research andzontrol)
took part in the study. The Geological Survey dil&nd (GTK), the National Public Health Instituté o
Finland (KTL), Finnish Environment Institute (SYKE3nd the Radiation and Nuclear Safety Authority
of Finland (STUK) have provided their information water quality which they have collected periotiyca
throughout the years into the study. Health ingpecof counties and communes, waterworks and water
cooperatives have patrticipated in the data collachy sending contact information, transmittingeatly
existing data on the quality of water or taking nsamples from which several parameters indicative o
water quality were analysed. Overall, this studgtams the results of about 420 000 separate asmlysl

of this data has been collected into a databaselwvdain be supplemented and utilized in future egudi

The study clearly showed that collecting data onewauality especially from small and medium-sized
waterworks can be a fairly challenging enterpriSathering contact information on waterworks tookei
because that kind of information was not availdble centralized manner. Waterworks seemed to rsuffe
from a lack of resources thus they did not have timseek and send the sought data even thoughvrey
willing to participate in the study. Data receivad electronic form were in many file formats. Some
waterworks filed data in electronic format whildets used only a traditional text-based filing eyst

There are 60 parameters described in the studyhafhw44 are included in the Finnish decree on dnigpk
water. A total of 16 other parameters which arecmtsal e.g. for technical quality of water, EAS,dan
evaluation of radioactivity of drinking water aresgribed. The parameters discussed in this rejpattare
not included in the Finnish decree on drinking wate:

* Nutrients for microbes: phosphorus

* Metals: molybdenum, zinc, tin, titanium, bismuth

» Technical quality of drinking water: alkalinity, ttness, carbon dioxide

» Radioactivity: totale, totalf3, Pb-210, Po-210, Ra-226, Rn-222, and uranium.

If one assesses the drinking water in Finlandimseof the quality demands and recommendationsdhen
must conclude that it is of high-quality. Howevgquality monitoring of drinking water is focused tme
health-based parameters listed in the Finnish degnedrinking water. Many technical characteristleast
are not demanded to be analyzed can affect théygollwater as well. The properties of water veiffect
the long-term durability of the networks which alsas a major financial impact at the national level
Available data shows that Nordic waters are rasivarlar in many respects.

11.1 Microbes

There is a substantial amount of data availabl@anameters affecting microbiological quality ofrding
water which is in accordance with the Finnish deae drinking water. With respect to the microbgial
guality, one can state that drinking water in Finlds of high-quality.

The results indicate that with regard to the mieleither required or recommended for analysidén t
Finnish decree on drinking water, a majority of @vgirovided by waterworks was safe and healthys& u
Almost all, 95 — 98 %, of waterworks provided watemwhich Enterococci, Escherichia coli or Clostridium
perfringens were not detected in any sample during the stadip@. The corresponding figure for coliformic
bacteria and plate count was 79 %. A small numB&¥3(— 0.90 %) of all analysed samples contained at
least one type of the microbes mentioned abBwerococci, coliform bacteria and changes in plate count
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were observed most often in small waterworks.coli was observed in most cases in medium-sized
waterworks andClostridium perfringens was observed in one large waterworks using suseter.

Additional measurements indicated that state oh#tevork and sampling method can affect the platent
number. The highest plate count was observed gnatad network water whereas water pumped from the
waterworks into the network and flowing network aralhad a substantially lower plate count numberll We
waters had more microbes: approximately 20 % of water samples contained the microbes mentioned
above though this describes perhaps more the deoeralition of wells rather than the quality of
groundwaters. Between the years 1998 and 200iartd, a total of 16 826 people became sick becaluse
water transmitted epidemics. The most importanh@ggns were norovirus (72 % of illnesses) and
campylobacteria (25 % of illnesses). The microksssing these water-borne epidemics, e.g. noroangs
campylobacteria, are normally not monitored in king water quality control and therefore thereitdel
extensive information on their occurrence. Thereehbeen several water-borne epidemics in Finland in
which water has assessed as flawless accordirige tmicrobiological demands stated in the Finnistreke

on drinking water. However, the water-borne epidsnalso included serious outbreaks caused by dgnki
water distributed through the communal waterwoikee number of people infected in these epidemics wa
counted in the thousands [National Public Healttitate of Finland 2008].

In addition to health effects, microbes affect adswability of the network materials. This subjéeis been
discussed in detail in the two reports made by FiDMaterials in Contact with Drinking Water in Farhd”
[Kekki et al. 2007] and “Failures and service li& materials in drinking water mains and household
plumbing in Finland” [Kekki et al. 2008].

11.2 Nutrients for microbes

Information on nutrients affecting microbial growit available to a variable degree. With respect to
nutrients affecting microbial growth the water pomd by waterworks and well waters were mainly in
accordance with the Finnish decree on drinking msitece the concentrations of nitrate, nitrite, aaniam
and oxidizability were below the limit and guiddwes.

The current numerical data on different forms ofboa (TOC, AOC, DOC) is incomplete because for
example the Finnish decree on drinking water oeymands that the concentration of TOC should exhibit
abnormal changes. In addition, the concentratigel lef TOC must be monitored only when water predd
exceeds 10 000 #d. The amount of organic substance is widely etalt by oxidizability which does not
precisely represent the amount of carbon.

The recommendation is that the concentration of T8BGuld exhibit no abnormal changes and this was
fulfilled in all waterworks that provided data. Theedian range for TOC was 1.0 — 2.6 mg/l in the l&ho
data of the study. The median concentration of m@tevided by waterworks was 1.9 mg/l.

The determination of phosphorus compounds is ctiyr@ot a requirement listed in the Finnish decoee
drinking water thus their determination is not coctéd frequently. In Finland and some other coaste.g.
Latvia and Japan, it has been demonstrated thablmét growth is phosphorus limited instead of cerb
limited and therefore analysing phosphorus compsumduld be important if one wishes to evaluate the
growth potential of microbes.

The National Public Health Institute of Finlahds developed a method to determine microbiallylabla
phosphorus (MAP) but this method has not yet begplied for the monitoring quality of water at
waterworks. Concentrations of MAP in drinking waaee very low and it is challenging to reduce themn
further through water treatment. The median comaéoh of phosphate phosphorus in this study was
1.5 — 6.0 pg/l. The concentrations of nutrientsrfocrobes (nitrite, ammonium, oxidizability, TOC)ere
higher at waterworks using surface water than aséhusing groundwater. Generally surface watertagon
more nutrients since many compounds are flushedsuntface water from the soil.

11.3 Metals

Many metals need to be assessed to satisfy botedu@ements and recommendations of the Finnishede
on drinking water (antimony, arsenic, mercury, cagm chromium, copper, lead, nickel, and seleniamj)
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these have been widely determined in Finland. Watevided by waterworks and well water was complian
with the decree with respect to most of the mef8ls, As, Hg, Cd, Cr, Cu, Pb, Se, Al, and Na). The
concentrations of Ni, Mn, and Fe were above thpaesve limit or guide value in about 5 % of thenpdes.
Samples exceeding the limit value for Ni were obsérespecially in medium-sized waterworks. Samples
exceeding the limit values for Mn and Fe were olEgmost often in small and medium-sized waterworks
using groundwater. In a significant part of raw evasamples, the limit or guide value of metals was
exceeded indicating that the problem in the watewvided by waterworks was at least partly due tw ra
water. In waterworks using surface water, the cotmaions of metals were lower than in waterworkmg
groundwater except for aluminium whose concentnati@s clearly higher in the waterworks using swefac
water. Some waterworks use aluminium containingrebal coagulant which might have caused this higher
concentration. The higher concentration of alumimimight also originate from a higher amount of miga
substances able to bind aluminium in waterworkegisurface water.

Sampling method was shown to have an effect orctimeentrations of copper, iron, and zinc in driigkin
water. The higher concentrations were observedaignsted network water than in water pumped froen th
waterworks into the network or flowing network wat€opper, iron, and zinc can dissolve into driigkin
water from the network materials. Sampling methddi bt seem to have any significant effect on the
concentrations of manganese, iron, and molybdefiina.concentrations of Al, As, Pb, Ni, Sn, Ti, and B
were so low that the effect of sampling method n@sdetectable.

It has been proposed in the forthcoming EAS proethat metallic products should be tested foraildisg
metals. The metals to be tested are those subj#ue quality requirements in the Finnish decredramking
water (Sb, As, Cd, Cr, Cu, Pb, Ni, Se), and sonmthase subjected to the quality recommendationsNi,
Fe), as well as a few others (Mo, Sn, Ti, Zn, Bhe suggested limit values for the above mentianethls
in the forthcoming EAS are mainly suitable for Fsindrinking waters (Table 4). The EAS limit valise50
% of the limit value in DWD for those metals thande found in raw waters and 90 % for those tlestin
dissolve from the network materials. In some Finnisterworks, the concentrations of Al, Mn, Fe, &hd
are so high that if the maximum amount (limit valygoposed in EAS for metals dissolving from the
network materials would be present in water thelgur limit value of the Finnish decree on drinkimgter
would be exceeded. Overall, 4 % of the waterworksld be exceeding the limit concentrations of Nihwi
the respective figures for Mn and Fe being 7 % Ehéb.

Table 4. Requirements and recommendations for metals in Dad EAS proposal, and the median
concentrations of metals in Finnish drinking water.

Required or recommended Suggested limit Median concentration  Part of waterworks

Parameter concentration in DWD value in EAS' in Finnish drinking exceeding suggested
(ug/l) (ug/l) water? (pg/l) limit value in EAS (%)

Subject to quality requirements
Antimony 5 2.5 0.02-1.00 0.5
Arsenic 10 5 0.1-1.7 1
Cadmium 5 2.5 <0.02-1.00 0
Chromium 50 25 <0.2-5.0 0
Copper 2000 1800 2-100 0
Lead 10 5 0.05-5.00 0
Nickel 20 10 0.4-10.0 4
Selenium 10 5 0.4-5.0 0
Subject to quality recommendations
Aluminium 200 100 1-20 4
Iron 200 100 14-71 10
Manganese 50 25 2-73 7
Other metals
Molybdenum 3 10 0.2-2.0 0
Zinc 8 2700 2-99 0
Tin 8 3000 <0.05 - 1.00 0
Titanium 3 7.5 <5 0
Bismuth 3 9 <1 0

T Long term testing of metal products
2 [Ahonen et al. 2008]
% No limit or guide value in DWD
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11.4 Chemicals and organic compounds

There was less information on chemicals and orgammspounds in drinking water available than on pthe
parameters. Information was received from approteiga?00 waterworks though only four provided data
on acryl amide and not all provided data on thdofahg parameters: benzo(a)pyrene (148 works),
epichlorohydride (21 works), trihalomethanes (128ks), and vinyl chloride (87 works).

With respect to chemicals and organic compoundsppears that Finnish drinking water is in accocgan
with the Finnish decree on drinking water. In a fewll waters, the concentrations of benzene angl vin
chloride were above the limit values. This repa#sinot include any information on biocides.

11.5 Non-metals

With respect to non-metals, there is quite a lodafa on the concentrations of boron and fluoride b
numerical data for bromate is presented only in rnfaerial of waterworks reporting to the EU (large
waterworks). Only a few small waterworks providedadon fluoride.

On average, the concentrations of fluoride and mtave been below the limits set in the Finnistrekeon
drinking water. However, in some Finnish waterg tioncentration of fluoride is a problem: espegiail
South Finland where more than half of check momtpsamples during the years 1996-1998 had values
higher than the allowed maximum concentration (igsl). The concentration of bromate has been agdlyz

in waterworks reporting to the EU but the concditralevel has been at most only one tenth of imit |

value (10ug/l).

The concentrations of boron and bromate on avesege in accordance with the Finnish decree on arghk
water in water provided by waterworks and in weltars. Approximately 2 % of waterworks provided
water whose concentration of fluoride was abovelithé value of the Finnish decree on drinking wate
Samples exceeding the limits were observed in langemedium-sized waterworks using either grouneiwat
or artificial groundwater.

11.6 Technical and aesthetical quality

Numeric data on parameters describing the oveullity of drinking water (odour, taste, turbidigolour)
is not greatly available but according to the valtleat are available the quality of Finnish drimkimater is
usually high.

Data on the concentrations of carbon dioxide, galgciand manganese in water provided by waterwarks i
very sparse or not at all available. It seems tiatconcentrations of chloride and sulphate onasmeshave
been below the recommendations of the Finnish demmedrinking water. Furthermore, electric condtitti
has been only about one tenth of the limit valuthefFinnish decree on drinking water.

It is known that quality of drinking water affedise durability of the metallic, cement based, aftabtx
network materials since certain waters promoteosion and dissolution. Thus, pH, alkalinity, harsie
amount of chlorides and sulphates, iron, and magggare usually included in the parameters affgttia
technical quality of drinking water.

The Finnish decree on drinking water contains gualees for some but not all of the parametersctffg
the technical quality of drinking water. There apgde values for pH, amount of chloride and sulphat
electric conductivity, odour, taste, turbidity, anblour in the decree. However, there are no
recommendations about alkalinity, hardness, oraradioxide.

There are variable amounts of data available orp#nameters describing the technical quality ofildrig
water. The pH and other parameters which must comiph the Finnish decree on drinking water (ctderi
sulphate, EC) are most extensively analysed. In8affo of the average pH values of water provided by
waterworks were below the lower guide value ofdeeree (6.5), the respective figure for well waiges

30 %. Most of these low pH values were observedsiimall and medium-sized waterworks using
groundwater. Thus, elevated corrosiveness of watght be a problem in small waterworks using
groundwater that supply water into the networkuwhawvithout any treatment.
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With respect to chloride, sulphate, and EC, theewptovided by waterworks was in accordance with th
Finnish decree on drinking water. With respect utplsate, all waterworks and wells were in accoréanc
with the additional guide value set to decreasectireosiveness of water. However, the additionatigu
value set for chloride (25 mg/l) was exceeded in%d®f waterworks and in 10 — 25 % of well water
samples. Most of these cases occurred in largenadium-sized waterworks using ground and surface
water. Approximately 90 % of all waterworks prouvideater that was in accordance with the decree with
respect to odour, taste, turbidity, and colour. &iomal changes with these parameters were mostiyreds

in medium-sized waterworks. Small waterworks predidery little data. Odour, taste, turbidity, amdoar

of well waters could not be compared to the Finrdsleree on drinking water because of inconsistency
between the type of results submitted in repowsnfthe waterworks and the requirements stateden th
decree (numeric data vs. determined/not determined)

Drinking water that has good technical quality lsasomposition which also takes into consideratios t
network materials. The quality of water does hawestiect on the tendency of pipes etc. to dissole
report made by FIDW “Failures and service life oatarials in drinking water mains and household
plumbing in Finland” [Kekki et al. 2008] gives snidic research based target values for good teethni
guality of water with respect to its interactiorthvinetallic and cement based materials. In ordewsder to

be of good technical quality to the two types oftenal mentioned above, it should have pH 7.5 5 8.0
bicarbonate >60 mg/l, calcium > 20 mg/l, free carlogoxide <15 mg/l, chloride <100 mg/l, and sulghat
<100 mg/l. Target values for plastic materials moeprovided because there is not enough scierlifia on
impact of technical quality of drinking water oretturability of plastic materials. An applicatiometttive to

the Finnish decree on drinking water [Finnish Waéed Waste Water Works Association and The
Association of Finnish Local and Regional Auth@sdti2001] recommends the following values: pH >7.5,
alkalinity >0.6 mmol/l, and calcium >10 mg/I.

Table 5 lists the guide and target values of drigkivater with good technical quality. The targduea are
listed from the report of Kekki and colleagues [2P@nd from the application directive to the Firmgecree
on drinking water [Finnish Water and Waste Waterk¥ssociation and The Association of Finnish Lloca
and Regional Authorities 2001]. The guide valuesthe recommendations in the Finnish decree okidgn
water. In addition, the number of waterworks thatilfthe guide or target values of Kekki et alOfIB] is
shown. As seen in the table, the guide value forigEichieved by about 90 % of the waterworks bat th
target value of Kekki et al. [2008] is met in ordipout 30 %. Nearly all of the plants, 99 %, thaethto
meet the target value were groundwater waterwdfldivided according to size, this group includegl %

of the large waterworks, 70 % of the medium-sizeatemworks, and 85 % of the small waterworks.
Furthermore, 15 % of the waterworks exceeded trgetavalue of pH 8.0. Low pH values were observed
especially in small and medium-sized waterworks.

There was very little information available on tiegels of bicarbonate and calcium in drinking wakers
very little available thus they are not includedthis report as such but viewed as alkalinity aatdhess.
The concentration of bicarbonate can be convededkalinity: HCQ™ 60 mg/l« alkalinity 1 mmol/l. The
concentration of calcium can be converted to hasstn€a 20 mgf- hardness 0.5 mmol/l. In all, 39 % of
waterworks distributed drinking water that was éc@dance with the target value for alkalinity [Kkekt al.
2008]. If subdivided according to size, 64 % of ldige waterworks, 55 % of the medium-sized watekg/o
and 100 % of the small waterworks failed to meetttrget value. By water type, 59 % of groundw&8#po
of surface water, and 44 % of artificial groundwataterworks failed to meet the target value. L@alues
of alkalinity were observed in all types of waterig® mostly in small waterworks and in waterworking
surface water. The application directive to thenish decree on drinking water [Finnish Water andsi&%a
Water Works Association and The Association of EhnLocal and Regional Authorities 2001]
recommends that alkalinity >0.6 mmol/l, and 78 %wafterworks did achieve this target value. 56 % of
waterworks reported alkalinity values >0.8 mmol/l.

More than half, 57 %, of waterworks distributednéiing water that was in accordance with the tavgie
for hardness stated below in Table 5 [Kekki e28D8]. By size, 32 % of large, 48 % of medium-sjzad
100 % of small waterworks failed to meet the tangdtie. When categorized according to raw wated,use
50 % of groundwater, 16 % of surface water, and4l8f artificial groundwater waterworks failed to ete
the target value. In particular, low values of sk were observed in small and medium-sized greoated
waterworks.

The target value for free carbon dioxide (<15 mg#)s exceeded in 11 % of waterworks that wereiatik
of sized waterworks using groundwater as raw wiatekki et al. 2008].
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Table 5. Guide values and target values for drinking watesrder for water to be assessed as having good
technical quality.

Guide value in Proportion of Proportion of
Parameter the Finnish waterworks that Targetvalu®  Target value waterworks that
decree on fulfill the guide fulfill the target
drinking water value value®
pH 6.5-9.5 92 % >7.5 75-8.0 33 % (136/418)
cr <250 mg/l 100 % <100 mg/I 100 % (422/424)
(<25 mg/f) (92 %)
soO* <250 mg/l 100 % <100 mg/I 99 % (404/409)
(<150 mgf) (100 %)
HCO; - - >60 mg/l 39 % (51/137)
(>0.6 mmol/lf  (>1 mmol/lf’
Ca - - >10 mg/l >20 mg/| 58 % (87/149)
(>0.5 mmol/If
Free CQ - - <15 mg/l 89 % (87/98)

@ Target value to prevent corrosion

® [Finnish Water and Waste Water Works Associatiod #he Association of Finnish Local and Regionathiuities
2001]

¢ [Kekki et al. 2008]

4 Target value as alkalinity: >1 mmol/l

© Target value as hardness: >0,5 mmol/l

"Number of waterworks that fulfill/do not fulfilhe target value

11.7 Radioactivity

The radioactive components in drinking water ineldidin this report are Total- Total$, Lead-210,
Polonium-210, Radium-226, Radon-222 and uranium.

In surface waters, activity concentrations of raditove substances were very low and no samples were
detected exceeding the action limit values of timmiBh decree on drinking water or the Finnish Rtdn

and Nuclear Safety Authority [1993] (Regulatory @GaiST 12.3 — Radioactivity of Household Water). In
soil groundwater, a few cases exceeding the alitiots were observed. In contrast, in bedrock gohwater

the activity concentrations were rather high artébas to meet the limit values had to be undertaken
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12 Network materials

12.1 Construction Product Directive, CPD

Pipes and other permanently installed componendsiiking water systems are construction producds t
are subject to the Construction Product Directi@®D) [Council Directive 89/106/EEC, amended by
Council Directive 93/68/EEC]. The Construction RrodDirective is under revision at the present moime
(May 2008).

12.2 Finnish legislation

The first restrictions in Finland concerning waaed sewage pipes were described in Helsinki in 19868
rest of the country followed Helsinki in providimgmmunal restrictions and recommendations. Resinst
concerned mainly protection of the networks fromiytion, test pressures, and materials. The coattm
procedures and fittings mainly followed German dtads.

Restrictions and recommendations for real estatervand sewage components have been in place since
1975. In Finland, the materials used in real edfatgking water systems must meet the criteriaetisn a
decree The National Building Code D1 (Water sumpig drainage installations for buildings, Reguladio
and guidelines) by the Ministry of the Environmghtinistry of the Environment 2007]. The National
Building Code contains technical regulations arstrirctions. These regulations are binding, andedla

the construction of new buildings. The regulati@me applicable to renovation and alteration workly o
insofar as required by the type and extent of tkasure and any possible change in use of a buildlimg
instructions are not binding but represent accéptsdiutions. In addition, for certain materialslgoducts
there are demands for certifications, standard cyaps or other acceptance schemes. Surveillance is
conducted by the local building inspection authorit

When one considers the situation other than reatesse.g. the structures and pipes of waterwdinkslack
of suitable legislation has meant that the starddamé useful. In Finland, cold drinking water ist no
considered to be a food product in a legislativeseebut since there is no suitable legislation,ciinality
inspection of the equipment used in waterworksdentaken using the requirements for food products.

At the moment (May 2008), structures in real essagesubject to the Finnish decree on drinking waitel
the restrictions concerning construction. Watengomkust apply the Finnish decree on drinking water i
order to ascertain the hygienic and technical uali water. However, the forthcoming acceptandeegme
(EAS) will harmonize products and materials in tstribution and real estate network. Thus, all the
materials and products intended for distributinipking water will be subject to harmonized demaimls
ensure safe usage.

12.3 Acceptance for construction products and national ficial acceptance

According to the Construction Product Directive, acceptance scheme for all permanently installed
construction products must be created althoughimemments and acceptance levels for buildings and
construction parts will be still decided nationallgequirements must be based on European technical
specifications in which the characteristics of proid are defined as well as test methods, attestati
conformity (AoC) and directions for marking of prars. Harmonised product standards and European
technical approvements are European technicalfggimns [Ministry of Environment 2007].

CE-marking intended for construction products dealaration by the manufacturer that a product snakt
the applicable legal provisions set by the Européhron. National acceptance procedures will be
abandoned when construction products get harmoniedstandards and furthermore CE-marking.
However, according to Finnish legislation, CE-magkifor a construction product will not be mandatory
even after a transition period for the harmonizestipct standard has been ended.

With respect to the construction products that iareontact with drinking water, in Finland the only
requirements for these materials are related o tise in real estates.
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According to the building legislation, a productdiging to real estate construction territory oplégation

can obtain a national type approval in Finland.sTikigranted mainly for five years at a time andudes
quality monitoring by a third party. Applying foypge approval is voluntary and therefore the authori
granting building licence cannot demand the uséypé approved products. Usage of products that are
outside type approval is subject to a specificding licence and competence of these productswithytest
reports is indicated, if necessary [Lindqvist et28l0Q].

The products in drinking water systems that argestilto type approval are plastic and copper pipeger
fittings, valves, and metallic fittings. The direets for approval have been and will be reneweduich a
way that they include the test methods of the Eemopproduct standards. At the end of 2006, renewed
directions existed for copper pipes, water fittingsd check valves [Ministry of Environment 2006a¢].

Directions for type approval include technical regonents, minimum requirements for quality moniggi
and health based requirements for some parametevgever, some factors e.g. microbiological grovette
not tested in Finland.

If a product can obtain CE-marking, this will bes thrimary guarantee of quality and type approval ma
longer apply to this product. In this case, thedpat standard must contain all the essential reqmeénts
stated by the CPD.

12.4 Market-based approvals

The materials used in the distribution network haeecorresponding type approvals in contrast to the
situation for water equipment in the real estaldsese networks contain standardized products tieaina
accordance with either the Finnish, German, America Dutch standards. The suitability, quality temels
used in the products in the distribution netwonksraot monitored by any authority.

Accordance to the standard of a product can be shaith the FI-marking provided by Inspecta
Certification Ltd. (former SFS-marking). In thissea quality monitoring is based on not only thedpici
standards but in addition on special directiondgdhspecta Certification Ltd. There is also thardic Poly
Mark, a Nordic quality mark for PE and PVC presspipes of the distribution networks, which was
implemented in 2005 and will replace national markaccordance to standard. Fl-marking and Nordig P
Mark are completely voluntary, thus they do noiddine authorities in the way that type approvalsdoe

12.5 Material survey of drinking water networks

The manufacture and distribution of drinking waitecludes the raw water intake, water treatment, and
delivery through the network to the users. Wateks@re responsible for the quality of drinking watp to

the point where the service line of a real estateonnected to the network. However, responsibibty
monitoring continues all the way to the consumeéais. The owner of a real estate is responsiblegher
service line and the network within the real estat®l also for any possible effects on the qualitgrinking
water that are caused by the real estate netwatdrialz.

The focus of the study “Materials in Contact withiriking Water in Finland” [Kekki et al. 2007] wase t
define the materials used in the Finnish wateridigtion networks and supply systems in houses filoen
waterworks to the consumer’s tap. Coatings and edaskaterials were also identified. The structure,
composition, manufacture, use, fittings and intéoas between water and the materials were ideqtifThe
results in the study are based on surveys, int@syienanufacturers’ websites and Finnish and foreign
literature.

This data is needed for many purposes e.g. inrgapation of the European product acceptancersyfstie
materials in contact with tap water (European Ataege Scheme, EAS). EAS also extends to the
construction materials in contact with drinking emin the distribution networks and the water syppl
systems in houses.

The surveys related to the materials in contach wiitinking water were sent out in summer 2006 to
waterworks and product manufacturers and imporirotal of 48 waterworks responded to the survey.
They account for approximately 56 % of the watgrpby (231 million nf) and 50 % of the population in
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Finland (2.27 million). Their networks cover appiroately 15 000 km of pipelines, 18 % of the whole
distribution network. Furthermore, 10 manufactumard importers also responded.

The networks can be divided into the undergroursdridution networks of the waterworks and the real
estate networks in buildings. This division is lthem legislative aspects, differences in respolisési,
history, and used materials. In this report, thwise lines are included in the distribution netlwéwecause
their materials are similar to those used in tisgrithution networks.

Materials and products in contact with drinking eradf both the distribution networks and the resthee
networks need to be discussed together since hethdtworks and the materials used in the netwamis
equally important in determining the quality of theter. At the moment, both networks are utilizing
metallic, organic (plastics, rubbers), and cemexsield materials. Pipes, coatings, and seals exhéinost
extensive variety of different materials.

12.6 Finnish network materials

Table 6 lists the materials used in the distributémd the real estate networks in Finland. It ieworthy

that the name of a material might have been thedanthe last 100 years but its composition ofiapfion
might have changed substantially. Cast iron has hessd both in coated and uncoated forms, thus its
properties have been different. Table 6 lists atsperials that have been used in Europe but wheesgeun
Finland is not known. All the materials used astéeld regardless of the amounts used.

The history of organized water management and maétén Finland started at the end of 19th centungn
the Swiss engineer Robert Huber made a propodalild a water network in Helsinki [Karjalainen 1995
Buildings had mostly cold water pipes; warm wataswavailable to only a few sites. The use of waatew
increased intensively only in the 1950s. In thdyedays of the network construction, metallic mistsr
were used almost without exception, e.g. steekhreopper, and grey cast iron. Brass was usedynfain
joints and copper for warm water pipes.

The use of plastic pipes started in Finland ini8B0s. From that time onwards, their use in th&ibdigion
networks has increased. The variety of plasticsihasased and plastics are utilized in the retdtes
networks to an increasing extent. At the same tsume kinds of plastics are no longer marketed. TB&80s
introduced PEX (cross linked polyethylene) and 206fultilayer plastic pipes with aluminium foil, als
known as composite pipes. Plastics and rubbergharenly types of materials that are equally brgadl
installed in both the distribution and the realagstnetworks. Some of the previously used mateeajs
asbestos cement and uncoated carbon steel arager lostalled in the new drinking water netwoiksad
pipes have never been used in Finland.

Especially in large and middle-sized waterworkginland, it was found that the piping materialscuaad
their proportions in the distribution networks wer® follows: high density polyethylene 29 %,; dwction

22 %; polyvinylchloride 17 %; grey cast iron 10 ptastics (not defined) 10 %; low density polyetmgde
3.2%; asbestos cement 2.8 %; others (mostly casbesl) 2.8 %; middle density polyethylene 2.5 %;
stainless steel 3 %. The overall proportion of ftasvas 61 %, the proportion of cast iron 33 % atieer
materials 6 %. Large and middle-sized waterworkeléel to use a greater variety of pipe materiala tha
small waterworks.

The principal materials used in the supply systémnbouses are copper, brass, stainless steel,nisdda
steel and polyethylenes. The main pipe materialdete to be copper and polyethylenes. Other madesial

cement-mortar, bitumen, epoxides, rubbers, polygsted polytetrafluoroethylene are in use as cgatin

the water distribution networks and house plumbing.
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Table 6.Installed and previously installed materials anodpicts in the distribution and the real estatekitngpwater networks in Finland. Date when a maldvis

been introduced and when its installation has bemninated in the drinking water networks.

Material Products in distribution network Products in real estate networks Insta_llatlon

terminated

Inorganic materials
Metals
Aluminium fittings (flange) faucets (parts), pumps (parts) in use
in use (installation
. pipes, valves (main), fittings water meters (main) of pipes finished
Grey cast iron ca. 1980)
Copper pipes (service line) fittings, pipes, boilers (¢ogj} in use
Brass fittings, valves faucets (main), fittings, meters (main), beginning of 20th centufy in use
pumps (parts), valves, water meters (maln?
Ductile cast iroh pipes, valves (main), fittings water meters (main) in use
Bronze not known pumps (parts), valves in use
Red metal fittings, valves fittings, valves in use
fittings, boilers (main), meters, hydraulic
Stainless ste@l N ) accumulators (main), pumps, pipes, filters in use
fittings, pumps, pipes, valves (parts) (main), valves
Galvanized steel pipes, reservoirs pipes, hydradoumulators (main) beginning of 20th century in use
Steel pipes, reservoirs not known in use
Others

Asbestos cement pipes, fittings not used 1985
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Concrete / cement mortar coatings (pipes), resexvoi not used not known in use
Enamel not known boilers (coating) not known in use
Organic materials
Plastics

ABS not known not known not known not known
Epoxide plastic (EP) c?na;iggss) ’(igagn(?o?:ﬁseIirl:itrt;rls%sr;/g‘;ﬂstt)er coatings (pipes) not known in use
Chlorinated polyethylene (PE-C) not known not\no not known not known
Glass fiber-reinforced plastic (GRP) pipes filters (main) not known in use
Polyamide (PA) fittings (parts), coatings (fittingalves) faucets (parts) not known in use
Polyacetal (POM) fittings, valves (main) faucetartp), fittings (parts) not known in use

Polybutylene (PB)
Polyesters

Polyethylene, high density (PEH)

Polyethylene of raised temperature

resistance (PE-RT)

Polyethylene, low density (PEL)

Polyethylene, medium density (PEM)

Polyethylene, cross linked (PEX)
Polyethylene terephthalate (PETP)

Polycarbonate (PC)

not known
coatings (service lines)

pipes, fittings

not known

pipes
pipes
pipes
pipes/ coatisgsrice lines)

not known

pipes
filters (parts)

draulic accumulators (main)

composite pipes

not known
not known
pipes, cositpgipes
filters (parts)
pumps (parts)
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beginning of 1980
not known

1961

beginning of 2000s

@95
1965
1986
not known

not know

beginning of 1990s
in use

in use

in use

in use
in use
in use
in use

in use



fittings (main), filters (parts), water meters

Polypropylene (PP) fittings (main) (parts) not known in use
Polysulfone (PSU) not known not known not known kedwn
Polytetrafluoroethylene (PTFE) not known sealsipép and valves not known in use
Polyvinylidene chloride (PVDC) not known not known not known not known
Polyvinylchloride (PVC) pipes, fittings not known 9@1 in use
Polyphenylene oxide (PPO) not known pumps (parts) ot known in use
Polyphenylene sulfide (PPS) not known not known kmatwn not known
Polyphenylsulfone (PPSU) not known fittings (mafalcets (parts) not known in use
Styrene acrylonitrile (SAN) not known filters (m&in not known in use
Rubbers
FJS)b/frn(eEP%ﬁﬂr;ylene diene - monomeseals of ﬁmQgZ'rtziﬂiigcgs\;alveS’ coatings seals of faucets, pipes and valves not known in use
Fluoro rubbers (FE) seals of fittings, coatingd\es) seals of valves not known in use
Chloro butyl rubber (CIIR) not known seals of pifigngs not known in use
Chloroprene rubber (CR) seals of pipes not known t known in use
Natural rubber (NR) coatings (parts of valves) kradwn not known in use
Nitrile rubber (NBR) seals of fittings, coatingsaffs of valves) faucets, fittings, seals of filtarsl valves not known in use
Polyurethane (PUR) not known not known not known t kmmwn
Silicon rubbers not known not known not known not known
Styrene butadiene rubber (SBR) seals of fittingsalves not known not known in use
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Others

Bitumen coatings (pipes, tanks) not known not known begigraf 1980s

not used = material is not known to be used im#tevork in question.

not known = information has not been obtained batemal is/has been used outside Finland.

If in the columns "Products in distribution netwbdnd "Products in real estate networks” thereathing marked in the brackets the material in gaess used in both parts and main.
& [Karjalainen 1995]

b At the moment, the majority of installed produats coated.

¢Includes acid-proof steel.

4 [Jarvinen et al. 1987]

¢ Not sold in Finland any longer.

fPETP and PC belong to polyesters. Products wittletatiled classification are situated in "Polyestén the table.

9 As far as known, these kinds of pipes are nosimin Finland.
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Some materials have not been installed decadesbagsohey remain in the networks as long as their
technical service life permits. For example, thare still hundred year old cast iron pipes in usevall as
galvanized steel and copper pipes installed il 8%0's.

The materials used in the real estate and theitdiston networks differ from each other. In additjo
different waterworks might have different selectioriteria and therefore use different materialse Th
selection criteria are affected by waterworks’ avgage experiences.

The length of the networks in Finland has increasedities expand and rural areas come within rafige
water management. At the same time, the real estdteorks have lengthened as well. Old water pgres
starting to require renovation. In new buildingsl arhen there is reconstruction of the distributi@tworks,
over 90 % of installed pipes are plastic. Nearlypipes installed in water systems are plastic.thfd
moment, nearly all installed ductile cast iron giged steel pipes are coated inside with cemertiamand
guite a few old metallic pipelines have been afteds coated inside with cement mortar. In facteims of
surface area, cement mortar is the most significzterial after plastic that is in contact withnting water
in the distribution networks. Different types oéiichless techniques and coating methods have betonee
and more common in the reconstruction of the distion networks.

Detailed statistics on the materials used in thel Bstate networks are not available. Almost withou
exception, old pipes in buildings are replaced &y ones.

Separate materials differ substantially from eattterobut there are some general differences betwezn
material groups as well. For example, it is typitalt the composition and structure of metals itb kveown.
Dissolution from metals into drinking water candieect or through biofilm activity but in both casehe
composition of possibly dissolving substances iswkm and their numbers are limited. One of basic
properties of metal piping is the density i.e. thaility to protect drinking water from substanéesthe
surroundings.

Production methods and modulation of the propedfgdastics mean that quite a few additives initamid
to the basic polymer are used in the manufactuigasitic piping. These additives, their composgioand
effects are not extensively understood. “Recipes’plastics have been changing over the years agid e
similar plastic types can differ substantially fr@@ach other. One of the basic properties of plaséterials
is their permeability, thus substances can mig@trinking water through plastic. However, permkigh
varies between different types of plastics and aleninium foils used in some multi-layer plasticél w
prevent this migration.



13 Interactions between drinking water and materials

The factors affecting the quality of drinking wabeclude the source of raw water, water treatmeotgsses

of waterworks, materials, construction, and stagnaimes of the distribution network, pipe matéyiased

in the real estates, and microbiological activiiyotighout the whole chain of the water distributitins
possible that the quality of drinking water can litec because of the substances dissolving from the
materials or new chemical compounds forming as maatd the materials interact (Figure 38).

The solution responses of metallic materials deptdtantially on the aggressivity of water. Margtais
used in the networks dissolve to some extent idi@aeind soft, aggressive carbon dioxide contaimiater
of low alkalinity.

Unhealthy or organic substances acting as nutf@nmicrobes can dissolve from the organic matsrial
present in the networks. Substances dissolving fonganic materials are less well characterized than
metallic materials. Many types of products can kmlpced from a single polymer and many manufaajurin
processes use several different additives and sthestances. In most cases, problems are not chysbd
basic polymer but by the additives. Although theoant of additives is usually very small, they might
dissolve from the structure more easily and lead faulty odour and taste or evoke problems in drygi
Unwanted degradation or reaction products might bésformed during manufacture. Currently, theneais
enough research information on all potential digagl substances to estimate their health effects.

In addition, concrete and cement mortar surfacast iith water and especially in the early daythefr use
this could cause the pH level of water to incre&sment mortar contains organic and inorganic asdit
and thus harmful substances or nutrients for mesahnight dissolve from the material. Dissolutiommsst
intense in the early days of use of a materialsully it decreases in time.

Harms caused by substances dissolving from matarigiht be avoided by sluicing enough water through
he pipe before use especially if water has stagnaw@ left standing overnight. Warm or stagnatedew
should not be used for drinking or cooking.

13.1 Biofilms

Even though drinking water is cleaned and disirféch waterworks, the network always contains nfieso
which form fairly rapidly a biofilm on all materiadurfaces which are in contact with drinking wat&fith
respect to microbial growth, no significant diffeces have been discovered between different misteria
Biofilms in water are formed on all surfaces beeawsater always contains the nutrients that arenéiaséor
micro-organisms and biofilm formation. There aremiorganisms both in water and in biofilms though
substantially more are present in biofilms.

Biofilms might cause problems in drinking watertdizution. Certain types of bacteria can causeidiitsb
and poor taste and odour and even microbiologioalosion of metallic materials. Biofilms might also
increase growth and distribution of insanitary bdet The temperature of surface waters in Finkaries
extensively with the seasons but the temperaturgraindwaters is fairly stable [Miettinen et al.968].
The increase of temperature during the summer mortbes seem to excessively increase the
microbiological activity, especially in drinking wex made from surface water.

The rate of biofilm formation depends on many fegtdut the most important limiting factor is the
sufficiency of nutrition. The critical factor forinrobiological growth is the amount of nutritiorathis easily
available to microbes. This nutrition can be sugplby the water itself or it might be dissolvednir¢he
materials in the distribution network. In Centralr&pe and North America, assimilable organic carbon
(AOC) is found to be the limiting nutrient for matsial growth in drinking water and biofilms [vanrde
Kooij 1992, LeChevallier et al. 1987]. In many atleeuntries e.g. Finland, Latvia, Lithuania, angalathat
have substantial amounts of organic carbon in raters, the limiting nutrient is phosphorus inste&d
carbon [Lehtola et al. 2004, Miettinen et al. 1996athasivan et al. 1997]

One reason to explain why phosphorus is the limititutrient is that precipitation (coagulation and
flocculation) as a water treatment process is reffieient at removing phosphorus than carbon. Inkiing
water, the concentrations of microbially availalpkosphorus (MAP) are very low and therefore the
determination of MAP with current techniques canchallenging as its concentration declines drasfica
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during the water treatment. The median range ofphate phosphorus in Finnish drinking waters is-1.5
6.0ug/l. In contrast, the median range for TOC is 1206-mg/l.

In EAS, organic materials are tested for their poéto cause the formation of biofilms. The prepd EAS
material tests might not be suitable as such fonibh conditions because of the different qualftyater.

Biofilm

Temperature, pH ja alkalinity
Organic and inorganic nutrients
Microbes

Metals

Hardness, chlorides and
sulphates

Electric conductivity
Disinfection chemicals
Oxygen, carbon dioxide

On all surfaces

Complex structure

Majority of network microbes
Effect of conditions

Mutual interactions of microbes
Sediments forming and
loosening

Microbiological corrosion

QUALITY of WATER

Corrosion and
dissolution

Chemical and electrochemical
effects
Direct dissolution
Formation of new
compounds
Deterioration of water and
material quality
Effects on microbes

Possible shield for harmful

microbes MATERIAL

Composition and properties
» Surface structure

Inertness

Dissolving/loosening

substances

Mechanisms of deterioration

Electric conductivity

Maintenance and restoration

Figure 38.Interactions between materials and water.

Disinfection is used to destroy microbes in drikimater. Ozone and UV has effect only in the watekw
site while in the network they have no effect. Cinle based disinfectants also act within the netwBree

chlorine is consumed rapidly in the network whilemachloroamine has an effect also against biofdms

its impact lasts longer [LeChevallier ym. 1988]e¥ously there was a concern that chlorination @¢dead

to the formation of mutagenic by-products. In Frdaconcentrations of chlorine in the networksseally

low, 0.3 mg/l for groundwater plants and 0.5 mgfl $urface water plants.

13.2 Aggressivity

According to the DWD and the Finnish decree on ldnigp water, aggressivity of water is not allowed.
However, aggressive water is not defined in thegpilations. According to research data, metallid an
cement based materials should have following tavgkies to achieve non-aggressive water [Kekkil.et a
2008]:

 pH7.5-8.0;

e Alkalinity >60 mg HCO3- /I,

e Calcium >20 mgl/l;

* Free carbon dioxide <15 mg/l;
e Chloride <100 mg/l; and

* Sulphate <100 mg/l.
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Table 5 (page 65) collates the target values meediabove and the guide value of the Finnish deamee
drinking water. In addition, Table 5 reveals thepmrtion of Finnish waterworks that provide water i
accordance with these values. It can be seenht@aguide value for pH is reached in 90 % of watekadut

the target value in only about one third of watelksgo About half of waterworks fell below the targetiue

of pH 7.5, nearly all of these waterworks used gdwater. Furthermore, 15 % of waterworks were above
the target value of pH 8.0. Low pH values were oles especially in small and medium-sized groundwat
waterworks.

In all, 39 % of waterworks provided water that viasaccordance with the target value for alkaliniyl
small waterworks, over half of medium-sized watetgo and 64 % of large waterworks failed to achieve
the target value. Low values of alkalinity were etyed in all types of waterworks, though mostlysmall
waterworks and surface water waterworks.

In all, 57 % of waterworks provided water that wasaccordance with the target value for hardnedis. A
small waterworks, nearly half of medium-sized wataks, and about third of large waterworks failed t
achieve the target value. In particular, low valogédhardness were observed in small and mediungsize
groundwater waterworks.

Achieving the target values for chloride and sutphghould not represent a problem. The target vimue
free carbon dioxide (15 mg/l) was exceeded in alboet tenth of waterworks and these cases inclulled a
kinds of waterworks sizes using groundwater.

76



14 Conclusions

The study shows that Finnish drinking water is ighhguality and therefore safe and hygienic towken
compared to the quality requirements and recomniemda Quality monitoring of drinking water in Famd
is primarily monitored by the Finnish decree omHimg water that concentrates on health based Edesm
However, the quality of drinking water is affecteldo by many technical parameters that are notinestjto
be measured but these can have a significant ingpeitte long term durability of the networks.

14.1 General matters to be considered in DWD revision

Sampling

Sampling affects the concentrations of severalrpaters e.g. metals in drinking water. EU counthiase
different national protocols on whether a sampleaien from stagnated or flushed water. A sampling
method to be used should be declared clearly leue theeds to be flexibility in the directive. Whagfining

a sampling method, sampling locations and paras\éelbe analyzed need to be stated but flexib#ged

on national usage habits should be included.

Nutrients for microbes

Present DWD recommends that there should be nordahahanges in TOC concentration. To secure
general hygiene of drinking water, a numeric gwaéue for TOC concentration should be defined but
different concentration levels in EU countries ddalso be observed.

Metals

A limit value for uranium should be defined in thew DWD because of its chemical toxicity.

Chemicals and organic compounds

Concentration of acryl amide, epichlorohydrine, aimyl chloride should be determined analyticalhdanot
simply estimated by some mathematical formula.

Radioactivity

A limit value for radon should be defined in themsn®WD. In addition, analysis of polonium and lead
should be added to the monitoring research progfamaterworks using drilled well water.

14.2 Finnish drinking water in relation to DWD revision and EAS preparation

Nutrients for microbes

The high natural concentration of TOC in Finnisinking water should be taken into considerationhi@
preparation of EAS.

Metals
When drafting limit values for metals in EAS, thathrer high concentrations of aluminium, manganese,

nickel, and iron in Finnish drinking water shoulel taken into account.

Test waters in EAS

The study by Ahonen and colleagues [2008] showedrlsi that drinking water distributed from diffeten
waterworks is rather heterogenic, thus local drigkivater as such is not usually suitable to be asdgAS
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test water. Instead, synthetic waters are usechbenial testing. The long-term behaviour of produntlocal
waters and real-life conditions must be known ideorto prove that quality of water and the network
materials do not unnecessarily weaken each ottrality. However, real-life usage conditions might
sometimes be such that approved product might ganadems locally. In these situations, mutuallyesgl
plans of action will be needed in Finland.

14.3 Surveillance system for quality of drinking water

There is no publically easily available and compredively accessible information on the quality atev in
waterworks in Finland. In addition, centralized tamt information of waterworks and water co-openadi
are not available. Information on water from largaterworks is reported to the EU and collected in a
summary report but information on smaller watergoi& not collected. According to the monitoring
research programs, information on parameters dllaer those mentioned in the Finnish decree on ithgnk
water is also collected but this information is aotessible to the public. Large waterworks dogkame
numeric information about the quality of water tit internet pages but this is fairly rare withadler
waterworks.

It is recommended that there should be createdbdicpand comprehensive database on the quality of
drinking water as well as the activities of waterkgand water co-operations distributing drinkingtey in
Finland. This database could make it easier to ndikext contact with waterworks and it would help
authorities in preparative work on EU legislatiothe Ministry of Social and Health is preparing an
environmental health care data system (in Finnjghparistéterveydenhuollon kohdetietojarjestelnd)
collect information on the quality of drinking watr administrative usage. Communities will prawitheir
information on the results from official supervisiononitoring activities to this database startingthie
beginning of 2010. This database certainly will ioye the Finnish situation but at the moment this
information is not intended to be made availabltheogeneral public.

Nevertheless, as this system is being plannedpitldvbe reasonable to note that those parametatrshid
Finnish decree on drinking water recommends “nooainal changes” are included. For these parameters,
the actual numeric analysis values should be storédde system since most likely waterworks musinth
analyze. Availability of this information would eashe comparison of different waterworks and dngfti
summaries of Finnish drinking water. In additionshould be discussed whether values of alkaliaitg
hardness from those waterworks analysing them cbalc&dded to the system even though the Finnish
decree on drinking water does not require anatyfsisese parameters.

A similar database on the quality of drinking wagbould be prepared at the EU-level as well; thadityuof
water can alter significantly within the limits BWD and an EU-wide database would ease the auitijabi
and comparison of water quality in different coiegr The summary reports of the EU Commission ciemwa
quality in Europe contain information about inciterxceeding the limits set in DWD but no numesatad

is accessible. The aim should be to achieve a aemepmisive and numeric data including a standardized
reporting protocol throughout the EU.

14.4 Network materials

There are many different materials in the distitnuhetwork and in the domestic water supply systémt

are in contact with drinking water. It must be rembered that drinking water spends most of its time
these networks. Materials and tap water can undequoplex interactions, which can result in the
deterioration of water quality and/or the deteriiora of materials. Data on materials is one of tihgics
needed to be considered in the preparation of thegean product acceptance system for materials in
contact with tap water (European Acceptance SchdiAsS). EAS encompasses all the construction
materials in contact with drinking water in thetdtsution networks and the water supply systentsanses.

Surveys on materials in contact with drinking wabegre sent out in summer 2006 to waterworks and
product manufacturers and importers and a totdBokaterworks responded to the survey. They acdount
approximately 56 % of the water supply and serve%0of the Finnish population. In addition, 10
manufacturers and importers also responded.
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The results showed that especially in large andileidized waterworks in Finland, the pipe maternised
with their proportions in the distribution netwonkere as follows: high density polyethylene 28.6dugtile
iron 22.5 %; polyvinylchloride 17.2 %; grey casbrir 10.4 %; plastics (not defined) 9.6 %; low densit
polyethylene 3.2 %; asbestos cement 2.8 %; otheost{y carbon steel) 2.8 %; middle density poly&thsg

2.5 %; stainless steel 0.2 %. Altogether the pribmoof plastics was 61 %, the proportion of cashi33 %
and other materials 6 %. Large and middle-sizecmadrks utilized more different types of pipe masksr
compared to small waterworks. The principal matenesed in domestic supply systems are coppersbras
stainless steel, galvanised steel and polyethylemiés the main pipe materials being copper and
polyethylenes. Cement-mortar, bitumen, epoxidashets, polyesters and polytetrafluoroethylene @ ia
use as coatings in the water distribution netwark$ domestic plumbing.

More accurate information on materials that arase in contact with drinking water is still need&tere is
insufficient knowledge about their interactionstwitater in the Finnish networks. These materialshei a
part of the water systems for decades after theiallation and knowledge of their long-term bebaviis
essential thus it should be studied. Understanthieginteraction between water and materials willobe
benefit in the understanding and management ohéteorks and influencing the forthcoming European
product acceptance scheme, irrespective of whétlsenational-based or Europe-wide.
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Finnish Institute of Drinking Water — FIDW

Finnish Institute of Drinking Water is an indepentiexpert organization that works on a basis argdic
research results.

Finnish Institute of Drinking Water is the specialist in:
- Drinking water quality, materials in contact wittirkking water and interactions between them
- EU-standardisation and acceptance schemes of alatend products in contact with drinking
water
- Microbiological safety of greenhouse watering aneeghouse cultivation
- Scientific research within the field of drinking tea quality and materials.

Key Objectives of FIDW:
- Ensuring and promoting the safety of drinking wafeality to the tap of the consumer
- Enhancing of the safety and service life of matenised in water distribution systems and
plumbing
- Improving the operating environment of Finnish camies by co-operation with the enterprises
and legislative and standardization bodies in Et raationally
- Enhancing the networking and competence withinkilnpwater field

Activities of FIDW :
- Patrticipation in development of the European Acaept Scheme (EAS) for materials in contact
with drinking water and the related standardisatimmnk
- Projects and research work enhancing the workgiéletive bodies and companies
- Organizing seminars, conferences and education
- Networking within the drinking water field

Services provided by FIDW

- Services of all activities either solely or in cpepation with other bodies
For more information, please contact:

Prizztech Ltd / FIDW
Kalliokatu 10 B

FI-26100 Rauma

Finland
www.vesi-instituutti.fi/FIDW
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