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Sammendrag

Utlekkingstest for produkter i kontakt
med drikkevann - forslag til revidert
grenseverdi for Pb i NKB testmetode.
Verdens helsorganisasjon (WHO) har publisert
retningsgivende verdier for drikkevannskvalitet
siden 1958. Siden den gang har den anbefalte
maksimale konsentrasjonen i drikkevannet blitt
redusert fra 100 ug/L til 10 pg/L. Det generelle
anbefalingen fra WHO i dag er a holde konsen-
trasjonen av Pb s lav som mulig.

I Norge benyttes NKB produktregler for &
bestemme utlekkingen av Pb fra metalliske pro-
dukter. Utlekkingskravet for Pb pa 20 pg i NKB
4 ble publisert i 1986 og er basert pa daveerende
helsekriterier og retningsgivende verdier. Det vil
derfor veere riktig 4 benytte et revidert utlek-
kingskrav pa 5 pug for NKB 4, noe som allerede
er innfort i Sverige og Danmark. Den reviderte
verdien for Pb kan ogsa benyttes for NKB 9,
NKB 13 og NKB 18 ved a benytte faktorer som
tar hensyn til produktdimensjonen.

Abstract

The World Health Organization (WHO) has
published guidelines for drinking water qualities
through a number of publications since 1958. The
guideline value for Pb has been decreased from
100 pg/L to 10 ug/L during this period. Today the
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general advice by WHO is to keep the Pb concen-
tration in drinking water as low as possible.

In Norway, the hygienic performance of
metallic products is usually tested according to
NKB product rules (i.e. leaching performance).
The health-based leaching limits (product per-
formance criteria) for Pb (20 pg) in NKB 4 was
published in 1986 and was based on the stan-
dards and guideline values issued in that period.
It is therefore appropriate to use a revised
leaching limit of 5 ug, when products are tested
according to NKB 4. For products falling under
the other NKB rules, the limit of 5 ug may be
used as a basis along with size-based conversion
factors. The suggested criterion for Pb is already
implemented in Sweden and Denmark.

Introduction

Nordic product rules no 4 (NKB 4) is covering
sanitary taps for hot and cold water supply sys-
tems. Regarding the assessment of hygienic pro-
perties, the development of a leaching test
method started already in 1974 (Nielsen, 1974),
and the NKB 4 rules was published in July 1986
by the Nordic committee on Building regula-
tions. The hygienic performance (leaching per-
formance) of the product is assessed by
measuring the leaching of lead (Pb) and cad-
mium (Cd) according to a fixed sampling
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scheme. The leaching limits (product perfor-
mance criteria) are given in absolute quantites,
i.e. the raw concentration measured in the
leachate, given in pg/L, is multiplied with the
volume of the product (exposure volume). In
NKB 4 the criteria for Pb and Cd are 20 pg and
2 pg, respectively.

The Pb limit was based on the guideline value
for drinking water quality of 50 pg/L (WHO,
1984) and on the provisional tolerable weekly
intake (PTWT) limit of 3000 pg/person, equiva-
lent to 50 pg/kg of body weight (WHO, 1972).
The PTWI was originally established for adults
and was not applicable for children and infants.

The present study shows how the existing
NKB 4 leaching criterion is derived for Pb and
the basis for the proposed revised limit.

Basis for the World Health
Organisation (WHO) guideline
value for Pb
The World Health Organization (WHO) has pub-
lished guidelines for drinking water qualities
through a number of publications since 1958.
These guidelines can be summarised as follows:
* 1958: WHO International standards for
drinking water first edition
* 1963: WHO International standards for
drinking water second edition
* 1971: WHO International standards for
drinking water third edition
* 1983-1984: Guidelines for drinking-water
quality (first edition)
® 1993-1997: Guidelines for drinking-water
quality (second edition)
® 1998-2002: Addenda to second edition
® 2004: Guidelines for drinking-water quality
third edition
® 2008: Guidelines for drinking-water quality
third edition (incorporating 1* and 2™
Addenda)
® 2011: Guidelines for drinking-water quality
fourth edition

In 1986, the Joint FAO/WHO Expert Com-

mittee on Food Additives (JECFA) established a
provisional tolerable weekly intake (PTWI) of
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25 pg/kg body weight (equivalent to 3.5 ug/kg of
body weight per day) for infants and children. It
was taken into account that Pb is a cumulative
toxicant and that any increase in the body
burden of Pb should be avoided (WHO, 1987).
This PTWI was reconfirmed by JECFA in 1993
and extended to all age groups (WHO, 1993).

Furthermore, in 1993 the guideline value for
Pb in drinking water was decreased from 50 pug/L
to 10 ug/L (WHO, 1996). This value was derived
from the assumption of a 50% allocation of the
PTWI (25 pg/kg) to drinking-water for a 5 kg
bottle-fed infant consuming 0.75 L of drinking
water per day. As infants were considered to be
the most sensitive subgroup of the population,
this guideline value was thought to also be pro-
tective for other age groups.

However, based on dose-response analyses,
JEFCA estimated that a PTWI of 25 pg/kg is
associated with a decrease in at least 3 IQ points
in children and an increase in systolic blood
pressure in adults. JECFA therefore concluded
that the PTWI could no longer be considered
health protective, and it was withdrawn (WHO,
2011a; WHO, 2011b).

Because Pb exposure arises from a range of
sources, of which water is frequently a minor
one, and as it sometimes is difficult to achieve a
concentration lower than 10 ug/L by central con-
ditioning, such as phosphate dosing, the guide-
line value is maintained at 10 pug/L. Hence, the
guideline value is designated as provisional on
the basis of treatment performance and analy-
tical achievability (WHO, 2011c). It can also be
noted that it seems difficult to establish a thresh-
old limit for Pb that ensures no negative effect
on the intellectual and cognitive development of
children. Thus, it is not possible to set a tolerable
daily or weekly intake. The current advice is to
lower the exposure to a minimum.

The Pb limit in the Drinking Water Directive
(DWD) in Europe is 10 pg/L, as the parameters
and parametric values in Annex I of the DWD
are generally based on the WHO guidelines for
drinking water quality. This was adopted by the
EU and laid down in the revised DWD in 1998
(effective from 25 December 2013).
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The limit for Pb in drinking water in Norway
is 10 ug/L and is based on the implementation of
DWD in Norwegian regulation (drikkevanns-
forskriften). This limit also applies for drinking
water in the other Nordic countries due to their
EU membership.

NKB product rules and the back-
ground for the leaching criteria
Product performance criteria and drinking
water limit

The NKB leaching criteria are given in absolute
quantities (ug). To compare with other leaching
tests that operate in concentrations (e.g. ug/L) it
is important to realise how the raw concentrations
are re-calculated and converted (normalised).
Moreover, it is important to distinguish between
a product performance criteria (e.g. 20 ug for Pb
in NKB 4) and the DWD criteria (e.g. 10 pg/L for
Pb). The former is placed directly on the product
by a fixed test method and the latter is serving as
a function based criteria for the building, i.e. the
building or the work shall deliver drinking water
safe for the health and the water consumed from
its delivery points should be in compliance with
DWD.

However, all performance criteria in leaching
tests for hygienic purposes are normally derived
from this function based criteria. The challenge
is that the derivation and normalisation are con-
ducted differently in different test procedures
(e.g. NSF 61 - section 4, AS/NZS 4020 etc.) due
to different assumptions applied in the methods
based on the dump and fill principle (batch test).
The main reasons for different assumptions are
that the Pb concentration measured at the con-
sumers tap are caused by sources like the raw
water, treatment processes and the product sur-
faces that come in water contact. In addition, the
various products used in the water supply and in
the internal distribution (domestic installation
and service line) have different surface areas in
contact with the water and obviously contribute
differently to the leached amount. A product
compliance leaching test needs to address these
aspects, both by the test principle and by the

consecutive normalisation process. From a
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scientific view, this may not be possible to achieve
for all products by one single test method.

Relation between product performance
and the performance criteria
The different NKB product rules are specified in
table 1, including the respective criteria.
Although there are different rules, the same
leaching method are used for all. Details of the
leaching method are described elsewhere (Engel-
sen and Slédttsveen, 2010). For leaching tests in
general, the raw concentrations (measured directly
in the leachate) need to be converted into a value
(product performance) assessable against cer-
tain criteria. The conversion of the raw concen-
tration to a specific value for the product
performance is the same for all NKB rules and
is conducted according to Eq. 1:

C c,xV (1)

leached = raw product

where,

C,..ceq = Product performance (i.e. leaching
performance) representing the total quantity of
metal leached (pug)

C_,, = raw concentration measured in the

ra

leaching water (ug/L)
V rodue = volume of product filled to its capacity
L)

C,..eq TePresents the leaching performance

of a product, which is compared with the
leaching criteria given in the NKB method. Note
that for fittings and valves the leaching criteria
are dependent on the product diameter as shown
in table 1 and will be discussed in the following.
As mentioned earlier, different concepts or
methods exist for converting the raw concentra-
tions into specific performance values that can
be compared with existing criteria. Note that the
raw concentration values are never compared
directly with the parametric criteria in DWD.
The existing product performance criteria for
Pb in the NKB rules in Norway (table 1) are
based on a PTWI of 3000 pg/person, i.e. a toler-
able daily intake of 430 pg per person for which
450 pg per person was used. Furthermore, 10%
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Test method | Published Product groups Diameter (mm) Pb (ng)
NKB 4 1986 Sanitary taps n.r. 20"
NKB 9 1989 Non-return valves 15 10
20 15
25 20
32 100
40 200
50 500
NKB 13 1989 Shut-off valves 10 5
15 10
20 15
25 20
32 100
40 200
50 500
NKB 18 1990 Metallic fittings for PB and PEX tubes 15 5
18 10
22 15
28 20
35 50
42 100
54 200
63 500

' For water fittings to hygienic use (bath, bidet and shower), 200 pg applies

Table 1. Existing product performance limits for Pb in NKB product rules. The products shall comply

with the limits for water collected at day 9 and 10.

of this dose was assumed originating from the
drinking water installation. Hence, 45 pg is the
maximum contribution from the installation.
The WHO guideline value for Pb was 50 ug/L in
1986 and is equivalent to a daily dose of 125 pg
for a person consuming 2.5 L water per day.
Given the fact that several potential sources will
contribute to Pb in drinking water, 45 pg
released from the drinking water installation
was chosen as a collective limit. From this we
can deduce that the NKB product limits are
based on health criteria. Furthermore, this total
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amount (45 pg) needed to be shared by 3 groups,
thus each allowed to release 15 pg:

1. Taps
2. Stop valves, check valves etc.
3. Pipes, fittings, water meters etc

Since sanitary taps are endpoint devices
(located at the draw off point), only one limit can
be used for this group of products. The final
limit was increased from 15 ug to 20 ug. Hence,

the performance value C_, , in NKB 4 is
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compared with the product performance criteria
of 20 g for Pb.

For valves and fittings the health based crite-
ria of 15 pug was used as the starting point. This
criteria was further normalised assuming the
number of draw off points and the number of
products used according to Eq. 2:

CIimit product= 15 X n/a (2)

where,

it produce = t11€ leached limit the product needs
to comply with (pug), i.e. product performance
criteria
n = number of draw off points the product dis-
tribute the water to
a = number of products upstream the draw off
point

The values for n were calculated on the basis
of the assumed pressure drop in the pipe depen-
ding on the diameter with an average flow per
draw off point of 0.2 L/s. The values for a were
calculated assuming that minimum one stop
valve was present at the entrance of the installa-
tion and that one stop valve was installed after
each change in dimension. In addition, the pro-
portionality between the exposed surface area
and the leached amount was also applied.

Revised NKB product
performance criteria for Pb in
Denmark and Sweden
Denmark
The building regulation in Denmark (bygge-
loven, 2010) states that the water supply shall be
in compliance with the regulations for water
supply and environmental protection. Further-
more, in the regulation on the water quality and
the inspection of water supply, the drinking water
quality parameters are specified (BEK 802, 2016).
Regarding products in contact with drinking
water, the building regulation states that these
products are subject to approval (BR15, 2015). A
new regulation has recently come into force
regarding approval and certification of the hygi-
enic properties of products in contact with drin-
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king water (BEK 1007, 2016). For marketing and
sale of these products, BEK 1007 requires docu-
mentation and one of the following options may
be accepted; the Danish GDV (Godkendt til
Drikkevand) approval, the Swedish type approval,
certificate according to the German scheme or
approval according to the Dutch scheme.

In the Danish GDV, the main product perfor-
mance criteria regarding Pb leaching is 5 pug
when the product made of metallic materials is
tested according to the NKB 4 method (GDV,
(BEK 1007, 2016; GDV, 2015). The regulation
applies to factory-made building products used
in the internal distribution system. From this it
follows that 5 pg also applies to products that in
principle are covered by other NKB rules than
NKB 4 shown in Table 1. Hence, a conversion of
the 5 ug criterion is conducted for products fal-
ling under NKB 9, NKB 13 and NKB 18 based
on the diameter, as indicated in BEK 1007. These
new size-based criteria are shown in table 2. It
can be noted that the new regulation also con-
tain criteria for Ni and Cd of 80 pg and 2 pg,
respectively.

Sweden

The National Board of Housing, Building and
Planning (Boverket) publishes the Swedish buil-
ding code (BBR, 2011a). It contains the manda-
tory provisions and general recommendations
pursuant to the Planning and Building Act
(2010:900) and the Planning and Building Ordi-
nance (2011:338). Furthermore, the drinking
water quality is given in the regulation issued by
National Food Agency, Sweden (Livsmedels-
verket, 2015).

In the Swedish building code of 2011 (BBR,
2011b) no product performance criteria was
given with respect to leaching of Pb from products
in contact with drinking water. However,
through voluntary type approvals, NKB rules
have been applied for Pb and Cd leaching and
the product performance criteria of 20 pug and 2
ug have been used for Pb and Cd, respectively.

Already in 2012, a proposal for incorporation
of a Pb leaching criteria in the general
recommendations of the BBR was drafted. The
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Product diameter (mm)

Product performance criteria (pg)

Fittings, distribution pipes etc.

15 5.0
18 5.0
22 5.0
28 5.0
35 6.3
42 7.5
54 9.6
63 11.3
Valves etc.
10 5
15 5
20 5
25 5
32 6.4
40 8
50 10
65 13
80 16
90 18
100 20

Table 2. Product performance criteria for fittings, distribution pipes and valves regarding leaching of Pb

(GDV; 2015).

intention was to have the new criteria effective
from 1 of July 2013 with a transition time of 3
years, i.e. I** of July 2016. The chosen implemen-
tation time was also roughly in line with the
transition in Denmark at that time. However, for
various reasons the new criteria for Pb became
effective from 2014. The new Pb leaching criteria
was 5 pg tested according to NKB 4 or 5 ug/L
tested according to SS-EN 15664 and it was
incorporated in the general recommendation of
the BBR 21. It is important to emphasise that the
former method is a product test, whereas the
latter is a test performed on the metallic material
used in the product. In addition, the general
recommendation also opens for other test
methods as long as it fulfils the given leaching
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criteria. The new criteria becomes effective from
1** of July 2017 and is covering drinking water
taps (devices used at draw off points).

The purpose of the new criteria is to reduce
the risk of neurotoxicity for infants, children
and pregnant women. According to the Euro-
pean Food Safety Agency and the Scientific
Committee on Health and Environmental Risks,
this vulnerable groups may be subjected to
increased health risk at levels even lower than 10
ug/L of Pb in the drinking water (DWD limit)
(Boverket, 2014).

Furthermore, the reasons for reccommending
NKB 4 and the criterion of 5 pug were based on
the previous market surveillance in Sweden
where around 66 % of the tested products (n =
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Product diameter (DN) (mm) Conversion factor Product performance criteria (pg)
Fittings DN /DN,
15 0.54 2.7
18 0.64 3.2
22 0.78 3.9
28 1.0 5.0
Valves DN /DN,
10 0.4 2.0
15 0.6 3.0
20 0.8 4.0
25 1.0 5.0

Table 3. Product performance criteria for fittings and valves regarding leaching of Pb (SP Certifering,

2016).

120) complied with the new criteria and the fact
that the same criteria has been incorporated in
the Danish regulation shown above.

According to the Swedish certification
bodies, they will apply the criteria for products
used in the whole internal distribution system
(Fredriksson, 2016). Furthermore, a conversion
of the 5 pg limit is conducted for valves and fit-
tings with different diameters. The size-based
new criteria for these types of products are
shown in table 3. The conversion factor is cal-
culated by simply considering the ratio between
the product diameters (DN /DN,, and DN /
DN,,), as calculated in Table 3. This factor is
multiplied with 5 pg.

Recommendation for Norway
Existing regulation and practice

The technical regulation in Norway (Byggteknisk
forskrift 2010 - TEK 10) is laid down by the
Ministry of Local Government and Regional
Development on 23 March 2010 pursuant to the
Act of 27 June 2008 No. 71 relating to planning
and the processing of building applications
(Planning and Building Act). The provisions
implement Directive 89/106/EEC (Construction
Products Directive (CPD)), Directive 95/16/EC
(Lifts Directive) and Directive 2006/42/EC
(Machinery Directive). From 1 July 2013, CPD

VANN | 01 2017

was replaced with Construction Products Regu-
lation (CPR) (Regulation 305/2011/EU). Under
the provisions of CPR, it become mandatory for
manufacturers to apply for CE marking to any of
their products which are covered by a harmoni-
sed technical specification.

The Norwegian regulation on conditions for
the marketing of construction products (For-
skrift om omsetning og dokumentasjon av pro-
dukter til byggverk - DOK) has been effective
from 1 January 2014, and is part of the imple-
mentation of the CPR in Norwegian law. The
regulation requires assessment and verification
of product performance which is relevant for the
basic work requirements of construction works.
It follows from DOK that it is mandatory to pro-
vide product documentation that ensures that
the product fulfils the CPR basic work require-
ments, even for products that are not going to be
CE-marked.

The Norwegian building code (TEK 10) does
not provide product performance criteria for Pb
leaching. The advisory part of the regulation
refers to NKB 4 as an example of product docu-
mentation that can be used. Thus, in Norway the
Pb and Cd leaching criteria of 20 pug and 2 pg,
respectively, are applied in the approval and cer-
tification for marketing and actual use of the
products falling under these rules.

63



Proposal for revised leaching criteria

The original criteria in the NKB rules are health-
based as shown above. However, the basis for the
Pb criteria are a guideline value of 50 ug/L and a
PTWT of 50 ug/kg. It was also shown above that
JEFCA and WHO in the period of 1986-1993
recommended the PTWTI and the drinking water
limit for Pb to be 25 ug/kg and 10 pg/L,
respectively. Furthermore, the PTWI was later
considered not to be health protective and was
withdrawn. The WHO guideline value has been
kept at 10 pug/L but is designated as provisional.

Hence, it is relevant to revise the product per-
formance criteria given in Table 1. This has
recently been conducted in Sweden and Den-
mark and the product performance criteria of 5
ug of leached Pb is applied when the NKB test is
used. These changes have been incorporated into
their building regulations.

It is therefore recommended that when the
NKB test method is used, the product perfor-
mance criterion of 5 ug released Pb is applied to
products falling under NKB 4 without conver-
sion factor. It is further recommended that the
same criterion is valid for products falling under
the other NKB rules and other related products
made of brass (e.g. threaded fittings) that are
used in the internal distribution (including ser-
vice line and the domestic installation). The con-
version factors used in Sweden may be applied.

Furthermore, if reference to NKB is to be
given in the Norwegian building regulation, it is
recommended that the proposed criterion is
incorporated in the guideline by specifying the
maximum leaching of 5 ug Pb.

Impact and transition period

It is expected that approximately 10-20 % of the
existing products tested in Norway according to
NKB method would not comply with the criteria
of 5 ug for Pb. According to the previous market
surveillance conducted by Boverket in Sweden,
around 66% of the tested products complied with
the new criteria (Boverket, 2014). It can also be
noted that the same products are to a large extent
placed on the Nordic market. This indicate that
the manufacturers, sales distributors etc. opera-
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ting on the Norwegian market, already have star-
ted the process for having the products approved
according to the new criteria since the majority
also operate on the market in Sweden and Den-
mark. It can further be noted that the transition
periods, in both Denmark and Sweden, have
been prolonged due to the time consuming mea-
sures necessary to be taken in the manufacturing
process.

Conclusion

The World Health Organization (WHO) has
published guidelines for drinking water qualities
through a number of publications since 1958. The
guideline value for Pb has been decreased from
100 ug/L to 10 pg/L. Today the general advice by
WHO is to keep the Pb concentration in drinking
water as low as possible.

In NKB product rules the health-based main
leaching criteria have been derived on old stan-
dards and guideline values. It is therefore appro-
priate to use a revised product performance
criterion of 5 ug for Pb, when products are tested
according to NKB 4. For products falling under
the other NKB rules, the same limit of 5 pg may
be used along with size-based conversion factor.
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