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Sammanfattning 
Mässing är en legering som ofta används i dricksvattenapplikationer såsom kranar, blandare 

och kopplingar. Mässing innehåller små mängder bly (Pb) som under ogynnsamma 

förhållanden kan laka ur till dricksvattnet. Många faktorer styr denna urlakning, några av dem 

är vattnets sammansättning, drifttid, kontakttid, materialets sammansättning, produktens 

geometri, samt hur den behandlats och tillverkats. Exakt hur och i vilken grad dessa 

parametrar påverkar urlakningen av Pb från mässing till dricksvatten är inte känt. Syftet med 

detta examensarbete är att sammanställa den kunskap som finns angående Pb från mässing till 

dricksvatten, samt experimentellt jämföra tre metoder för godkännande av material; ett 

europeiskt materialtest, ett skandinaviskt typgodkännande samt ett amerikanskt 

typgodkännande. 

 

Studien visar att en produkt bedöms olika beroende på vilken metod den testas med och att 

resultaten från produkttester inte går att relatera till resultat i materialtest. De två 

produkttesterna visade sig ge olika resultat; samtliga prov klarade det skandinaviska testet 

medan inget prov klarade det amerikanska testet. Vidare visade sig det skandinaviska 

testförfarandet för typgodkännande ha stora brister såsom låg repeterbarhet, bristande 

överensstämmelse med dricksvattendirektivets gränsvärde för Pb samt ett testvatten som 

sannolikt inte motsvarar ett worst-case. 

 

Slutsatsen är att olika testmetoder ger olika utfall, och att korttidstester inte kan användas för 

att förutspå resultat i ett långtidstest. Det nuvarande skandinaviska typgodkännandet tillåter 

inte en tillförlitlig långtidsbedömning av produkter. 

  



Abstract 
Brass is a material widely used in drinking water applications such as faucets, mixers and 

fittings. Brass contains small amounts of lead (Pb) which may, under unfavourable 

circumstances, be released to the drinking water. The parameters which affect this release are 

many and not fully understood today. Among these parameters are water chemistry, operation 

time, stagnation time, material composition, product geometry, treatment and processing of 

the material. The aim of this study is to summarize current knowledge about Pb 

contamination from brass products to drinking water and to compare three methods for 

assessment of Pb release; a European material test, a Scandinavian product test and an 

American product test.  

 

This study shows that a product will perform differently depending on the test method, and 

that the results from a short-term product test are not related to the results in a long term 

material test. The two product tests proved to give very different results; while all samples 

passed the Scandinavian product test, no sample passed the American product test. 

Furthermore, the Scandinavian product test has been proved to be unreliable due to a number 

of reasons such as low repeatability, inconsistency with current drinking water parametric 

value and test water which does not represent a worst case. 

 

The conclusion is that the choice of test method influences the result and that short-term test 

cannot be used to predict the outcome of a long term test. The current Scandinavian product 

approval is not a reliable method for long term testing of products. 
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1. Introduction 
Brass materials are commonly used in household plumbing, such as fittings, valves and 

faucets. The appearance of brass is somewhat similar to gold, but because of its fairly low 

price it has been called “poor man’s gold”.  

Brass used in plumbing is often processed with machining steps during production and 

therefore usually alloyed with small amounts of Pb in order to enhance machinability and 

minimize wearing of tools. Pb in brass is non-toxic as long as it remains in the material, 

however, release of Pb to drinking water may pose a threat to health and therefore it is 

important to use the appropriate alloy in the actual environment. Traditionally, the issue of 

metal release from products in contact with drinking water has received little attention, thus, 

the knowledge required to make such decisions is somewhat limited.  

Pb release to drinking water is an issue that has been brought to attention recently. Several 

cases in Sweden have been reported during 2011 [1][2][3] where Pb concentrations in 

drinking water from taps and coffee machines exceeded the drinking water directive limit 

value of 10 µg/L; this in spite of usage of only approved products.  

Questions have been raised whether or not the test methods for approval of brass products 

represent field conditions; and if not, could this explain the unexpectedly high Pb 

concentrations at the tap? For producers of materials in contact with drinking water, the issue 

of metal release is highly interesting.  

To obtain a Scandinavian product approval, faucets must undergo a test called NKB 4 (from 

now on referred to as the Scandinavian test) where the faucet is filled with synthetic water 

which is changed each 24 hours. On day 9 and 10, the water is analyzed for Pb content and 

the mean total amount of Pb released from the material is compared to a parametric value.  

In the U.S, a somewhat similar product test is performed NSF/ANSI 61 (from now on referred 

to as the American test), where Pb release is analyzed on nine occasions during three weeks. 

A statistical value is obtained from the results, which is compared to a parametric value. This 

product approval is mandatory in the U.S. 

In four European countries, work is going on to harmonize European material approval. From 

Dec 1
st
 2013, materials must undergo a 26 week rig test according to the standardized method 

EN-15664 (from now on referred to as the European test), in order to be used in a number of 

European countries. The European test is performed by mounting materials of standardized 

dimensions in a test rig where water is flowing and stagnating according to a pre-determined 

scheme. Pb concentration in the water is monitored weekly from week 1 to week 26. Water is 

let in through an inlet and discarded through an outlet, thus not re-circulated. The 

standardization of this material approval is still in progress; Test methods and water qualities 

have been established, but there is still confusion on how the results should be interpreted and 

how they relate to the drinking water directive parametric value. A preliminary suggestion of 

result interpretation has been made and the calculations and interpretations in this report are 

based on this suggestion. Several EU member states are expected to join this system [4] but it 

is still unknown whether or not Sweden will join [5]. 

There is a great need to clarify the relevance of the different test methods and understand if 

the results represent field conditions. Also, it is important to understand if the same results are 
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observed in different tests, and how altering of water quality may affect the result. From the 

producers’ point of view, it is interesting to know if short-time tests may somewhat predict 

the result of the 26-weeks test.  

2. Objective 
The aim of this study is to summarize current knowledge about Pb contamination from brass 

products to drinking water. A literature survey is performed, as well as experimental testing 

where results from the Scandinavian, American and European test methods are compared and 

evaluated.  

The experiments aim to answer the following questions: 

 Can the Scandinavian and American product tests be used to predict the outcome of a 

long term rig test such as the European? 

 How do the results from the Scandinavian and American test method vary when non-

aggressive local Stockholm water is used, compared to standard test water? 

 How does Pb release occur in the Scandinavian and American tests over time? 

 What is the reproducibility of the Scandinavian test? 

 How do washing of the material affect Pb release in short and long term tests? 

 How does heat treatment affect Pb leaching in a long term test? 

 Do the alloys pass the three different tests and are results from different tests 

consistent? 

2.1 Limitations 

Only Pb release has been taken into consideration and no other elements were included in this 

study. Tests were performed on standardized samples and no actual products were tested. Due 

to time restrictions, the long term test was carried out during 16 weeks instead of 26. 
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3. Literature 

3.1 Brass 

Brass is a Cu-alloy commonly used in drinking water installations such as taps, fittings and 

valves. It mainly consists of Cu and Zn with Cu content varying from 58 wt-% up to about 95 

wt-%. Additionally, other metals may be added in small amounts in order to give the material 

certain characteristics, such as colour, wear resistance or strength [6].  

 

Figure 1 Fittings and faucets of brass material. Image from Nordic Brass. 

One of the alloying elements used in brass is Pb, which is added to enhance machinability and 

act as a lubricant to decrease wearing of tools while machining the brass. Pb is usually added 

to brass in the amount of < 3 wt-% [7]. 

More than 60 standard compositions of brass exist [7]. Different compositions are suitable in 

different installations. For brass used in taps and fittings, the two most important qualities are 

dezincification resistance and good machinability [7]. 

3.1.1. Microstructure 

Brass commonly consists of two phases, the Cu rich α-phase and the Zn rich β-phase. Their 

occurrence depends on the amount of Cu and Zn in the material, as well as the temperature, 

this is displayed in figure 2.  
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Figure 2 Phase diagram of Cu/Zn. Image from [8]. 

As seen in figure 2, brass consists of several phases, of which the α- and β-phases are of 

interest in this study. The occurrence of the phases depends on the composition of the material 

and the temperature. The more Cu brass contains, the more α-phase. For materials with more 

than 70 % Cu, only α-phase is present. The α-phase can be made de-zincification resistant 

through addition of As, a process which is not fully understood to days date. The β-phase 

cannot be made dezincification resistant, and is therefore undesired in drinking water 

applications, such as faucets. For brass with 32 to 38 weight-% Zn, it is possible to transform 

the β-phase to α-phase, by heat treatment of the material at 500°C for about two hours. As 

seen in figure 2, for brass with up to 38 % Zn, the α-phase is stable at 500°C.  

The microstructure of brass consists of grains. The grain boundaries are usually less ordered 

than the grain centers, and impurities, such as Pb, tend to accumulate in these boundaries [7]. 

Material is often supplied in the form of rods, produced by extrusion, which means that the 

bulk material is pressed through a hole to form the shape of a rod. This leads to deformations 

in the microstructure, and the grains takes the form of strings. If β-phase is present, these β-

strings could act as paths for corrosion through the material [7], therefore it is very important 

to heat treat the material to eliminate the β-phase. 

3.2 Corrosion 

The definition of corrosion is, according to SS-EN ISO 8044: 

“A physico-chemical reaction between a metal and its surroundings, which results in changes 

to the metal’s properties and which often leads to considerable damage to the function of the 

metal, its surroundings or the technical system in which both are included” [9]. 

In the most common use of the word, corrosion means the dissolution of a metal in contact 

with water. Often, corrosion leads to formation of precipitation products; an example of such 

is rust which is formed through corrosion of iron. Corrosion of materials in contact with 
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drinking water leads to deterioration of the water quality, for example by discoloration, a 

greater risk of water leaks, microbial growth, increasing need of maintenance and increased 

concentrations of metals in the water [10]. 

Several types of corrosion may occur; for example inter-granular corrosion which affects the 

grain boundaries of the material selectively, selective corrosion where one element in an alloy 

is dissolved, or general corrosion which is a uniform decrease of the material thickness [11]. 

Different materials tend to corrode more or less easily, depending on their nobility. For 

example, in drinking water, stainless steel is nobler than brass, which is nobler than Zn. 

General corrosion of brass in fresh and salt water is typically in the range of 5 – 50 µm/year 

[12]. 

3.2.1. Dezincification 

Dezincification in brass occurs due to the fact that Zn is less noble than Cu and therefore 

more easily corroded. Selective corrosion of Zn results in a brittle and porous structure, highly 

inappropriate in drinking water systems [7]. According to the Swedish Planning and Building 

Act, brass fittings in drinking water installations should be resistant to dezincification, since 

this may cause leakage and clogging of pipes [8]. The more Cu brass contains, the more 

dezincification resistant it is [8]. However, Cu is an expensive metal and to keep material 

costs low, it may be desirable to minimize the amount of Cu used. 

 

Figure 3 Example of dezincification in brass. Image from [7]. 

Figure 3 shows an example of dezincification of brass. The exposed area has been depleted of 

β-phase and only a porous structure of α-phase is left. 

3.2.2. Inter-granular attack 

Inter-granular attack (IGA) is when corrosion occurs in the grain boundaries. Impurities tend 

to gather at the grain boundaries, causing decreased corrosion resistance. For example, if Fe is 

present in dezincification resistance brass it may form solid complexes with As and decrease 

dezincification resistance. This mainly occurs in grain boundaries, causing local 

dezincification, so called IGA. 
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Figure 4 Example of inter-granular attack in brass sample. Image from [7]. 

Figure 4 shows inter-granular attack in brass material. The darker areas indicate corrosion 

damage at the grain boundaries. 

3.2.3. Stress corrosion cracking 

Stress corrosion cracking (SCC) is caused by internal or external stress, for example by 

tensile stress from installation or internal stress caused by un-even cooling of the material. 

SCC disperses perpendicularly to the stress and is often hard to detect since no sign is seen on 

the surface. To avoid SCC, the material could be stress relieved at 350 - 400°C for two hours. 

This procedure evens out the internal stress gradient. 

 

Figure 5 Example of stress corrosion cracking in brass. Image from [7]. 

Figure 5 shows SCC damage in brass. The damage on the material surface is small, but the 

crack is deep and may cause leakage in a drinking water system.  
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3.3 Pb release from brass 

Pb release from brass can occur in two different ways; Pb release due to a film of smeared Pb 

on the product surface from the machining which mainly is released during the first couple of 

weeks, or Pb release due to corrosion of the material which occur over the whole life-time of 

the product [13]. Long term corrosion behavior is mainly due to material characteristics, 

while short-term behavior depends on the product and its processing [13]. This is illustrated in 

figure 6. 

 

 

Figure 6 Principal image of smeared surface Pb and bulk Pb. Image from [16]. 

The smeared Pb forms a layer on the surface of the material, and is relatively quickly released 

to the water during the first couple of months of operation. The bulk Pb is incorporated in the 

brass material and mainly clustered around the grain boundaries [14]. This bulk Pb will be 

released over a long time when corrosion occurs, exposing the Pb to water. 

3.3.1. Surface Pb 

Pb in brass acts as a tool lubricant and enhances machinability [15]. However, machining may 

smear Pb on the brass surface [16].  

Smeared Pb may cause a high initial Pb release when exposed to water [17]. This is shown in 

figure 7, where Pb release tests were performed with both washed and unwashed samples. 
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Figure 7 Pb release from gunmetal (3.0 % Pb). Image from [17]. 

Figure 7 shows Pb release from both washed (blue line) and un-washed (red line) samples. 

During the first 10 – 20 days an initial peak of Pb release can be seen in the unwashed sample 

but not in the washed sample. This peak is expected to be caused by the smeared Pb on the 

surface. 

3.3.2. Washing of brass 

One washing method to eliminate the smeared Pb on the brass surface was developed by Flyg 

and Symniotis at Swerea KIMAB [18]. The brass material should be placed in a saturated Cl 

solution at 50° C for 10 minutes, and then dipped in NaOH.  

The high chlorine concentration will cause the smeared surface Pb to precipitate in the form 

of PbCl2. Flyg and Symniotis present the following reaction as the explanation to this 

precipitation [18]: 

Pb + 2Cl
-
  PbCl2 + 2e

- 

The aim of developing the method was to make products pass the American test. Materials 

that did not comply with the American test criteria prior to washing were found to pass the 

test after washing [18]. To the author’s knowledge, there are no published studies regarding 

how this washing method influences Pb release in a long term perspective. 

3.3.3. Pb corrosion 

Pb is embedded in brass in particulate form. When exposed to water, Pb is oxidized to Pb
2+

 

which is mobile and will be released to the water. A study of brass corrosion conducted by 

Korshin et al. [19] showed that in the total leached material, the fraction of Pb was notably 

higher than in the bulk material, indicating a selective corrosion of Pb from brass to drinking 
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water. According to Linder et al [14] this is due to the fact that Pb is embedded in the brass in 

the form of discrete grains. At high temperatures, these grains tend to merge, causing areas 

with high Pb content. When inter-granular corrosion occurs, these grains may be exposed to 

water and a high amount of Pb is released [14]. 

3.4 Factors affecting Pb release 

Several parameters influence the Pb release from materials in contact with drinking water. 

Some examples are described below. 

3.4.1. Operation time 

The operation time is the time during which the product has been in use. Usually, metal 

release is highest in the beginning of the life-time. A schematic illustration of the expected Pb 

release as a function of operation time is displayed in figure 8. 

  

Figure 8 Schematic illustration of Pb release as a function of operation time. Image from [21]. 

Figure 8 only describes Pb release from bulk material. When a new product is taken into use, 

additional Pb release will occur during the first couple of weeks, which is due to release of 

surface Pb. The amplitude and time scale varies from weeks to months and is highly 

dependent on material and water quality [20]. Typically, the initial peak occurs sometime 

during the first 2-6 months [21][22]. 

As shown in figure 8, metal release will reach a maximum at a certain time, after which the 

release will decrease. At this point, the corrosion products will have formed precipitation, 

usually in the form of oxides, which acts as a protective layer on the inner surface of the 

product, see figure 9.  
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Figure 9 A brass tube which has been in contact with drinking water. A green protective layer of 

copper oxides has been formed on the surface. Image from [17]. 

Figure 9 shows that the contact surface between the brass and the water will be coated with a 

layer of oxides after a certain operation time. In brass, the protective layer mainly consists of 

cuprous oxide Cu2O with incorporations of Zn compounds [23]. Pb may also form solid 

compounds such as PbCO3 (cerussite) or Pb3(OH)2(CO3)2 (hydrocerussite) [19][24].  These 

solids are not pure, and may contain traces of other metals. 

A work conducted by the FORCE Institute [20] investigated the impact of operation time on 

Pb release from brass in contact with drinking water. A 52 week test was conducted where 

products of brass material were exposed to four different local Danish waters. Every week, 

samples were collected and analyzed for Pb content. It should be pointed out that Danish 

drinking water in general is more corrosive than Swedish, due to its high sulphate and 

chloride content. Results are presented in figure 10. 

 

Figure 10 Impact of operation time on Pb release from brass valve (upper) and brass manifold 

(lower) to four different local Danish waters. Samples represent 12 hour stagnation. Figure from 

[20]. 

In the two samples, Pb release is significantly higher in the first 12 weeks, after which it 

stabilizes at a lower level. A slight increase can be seen after 48 weeks in the water which has 

been in contact with the brass manifold (lower). 
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The conclusion is that Pb release is high in the beginning and then normally decreases with 

operation time. Unexpected peaks may occur during the operation period. In general, Pb 

release is considerably higher during the first couple of months. 

3.4.2. Stagnation time 

Another important factor influencing the metal release is the stagnation time, the time during 

which the water is in contact with the material. The effect of stagnation time on metal 

concentration is displayed in figure 11. 

 

Figure 11 Schematic illustration of the influence of stagnation time on Pb release. Metal 

concentration increases exponentially until saturation (left). Shorter stagnation times, 

representative to those occurring in households are found in the left part of the graph which is 

more or less linear (right). Image from [21]. 

Typically, in drinking water installations, concentration increases exponentially with time, 

with a sharp increase during the first 20-24 hour period [25][26]. Since the release rate is low 

and stagnation time in households is relatively short, concentration is generally determined by 

kinetics and not equilibrium [26]. This means saturation is not obtained and Pb concentration 

in drinking water may continue to increase beyond stagnation times of 24 hours. 

Nielsen [20] investigated the impact of stagnation time on Pb concentration in drinking water 

which had been in contact with brass materials. Brass samples that had been in use for one 

year were exposed to four different water types. Stagnation times ranged from 0.5 to 12 hours. 

In figure 12, Pb concentrations are shown as a function of stagnation time. 
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Figure 12 Effect of stagnation time on Pb release from 2 % Pb brass (upper) and 1.3 % Pb brass 

(lower) in four different Danish water. Figure from [20]. 

After 12 hours stagnation, Pb concentrations are still increasing in all samples except one 

(Regnemark water, upper). For both materials and all four water qualities, a strong connection 

between stagnation time and Pb concentration can be distinguished. The correlation seems to 

be linear in the 1.3%-Pb sample (lower) and less linear in the 2% Pb sample (upper). 

Tam et al [25] performed similar experiments with stagnation times of 1, 4, 24, 48 and 72 

hours in water with different pH. The results are shown in figure 13. 
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Figure 13 Effect of stangantion time in water with different pH. Image from [25]. 

A sharp increase is seen in the first 24 hours, thereafter Pb concentrations either stabilizes, 

increases or decreases. Figure 13 shows that both pH and stagnation time are important 

factors governing Pb release and that the effect of stagnation time depends on pH. 

Other experiments show that metal release from brass [26] and Pb pipes [24] to drinking 

water will occur well beyond stagnation times of 24 hours. Lasheen et al. [27] investigated Pb 

release to drinking water from PVC-, polypropylene-, and galvanized iron pipes. Pb release 

was in this case proved to continue throughout the whole stagnation time of 72 hours. Pb 

pipes and plastic materials differs from brass, results may not be directly applicable to brass 

materials, but this shows that stagnation time is indeed an important factor governing Pb 

release. 

The conclusion is that Pb concentration in drinking water will increase with stagnation time, 

at least during the first 24 hours and most likely even longer. The initial Pb release, from 0 – 

12 hours, is more or less linear. Long stagnation time increases the risk of high Pb 

concentration in the water, and therefore the first-draw water which has been stagnating in the 

faucet overnight is more likely to contain elevated levels of metals. This is the reason why 

several European countries recommend the first-draw water to be discarded [21], especially in 

houses with new installations. 

3.4.3. Water quality 

One factor that greatly influences metal release is the quality of the water. Examples of 

parameters that may vary in the water are pH, hardness, alkalinity, conductivity, etc. These 

may strongly influence corrosion.  
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3.4.3.1. pH 

pH is the negative logarithmic value of the proton concentration in a solution and indicates 

the acidity. There is a strong correlation between low pH and increased Pb release which has 

been found in several studies [25][27][28][29]. To prevent corrosion, pH in Swedish public 

drinking water is adjusted [8] to 7.5 – 9.0 [9]. A pH above 8.0 is expected to inhibit Pb release 

[25]. 

3.4.3.2. Hardness 

Hardness is the sum of dissolved minerals in the water. The most common types of such 

mineral ions are Ca
2+

 and Mg
2+

 which origin from the bedrock. Water hardness is expressed 

in mg Ca/L. In Sweden, the majority of the drinking water is very soft to moderately hard 

[30][31], which means mineral content is low. Distilled and de-ionized water is soft.  

The formula below describes the formation of Ca
2+

 hardness and also displays the link 

between water hardness and alkalinity. 

CaCO3 + CO2 + H2O ⇋ Ca
2+

 + 2HCO3
− 

 

When solved in water, CaCO3 forms Ca
2+

 and HCO
3-

 which is hardness and alkalinity. The 

carbonate (CO3) helps forming a protective layer on the material surface which prevents 

further corrosion and release of metals to the water. Both hard and soft water may be 

corrosive to brass. Soft waters tend to increase corrosion of Cu and stainless steel since 

protective carbonate solids are not as easily formed on the inner surface of the material [32], 

while hard waters usually contain high amounts of chlorine and sulphate, which causes 

increased Pb release from brass. 

3.4.3.3. Alkalinity 

Alkalinity is the pH-buffering capacity of the water and depends on the HCO3
-
 concentration. 

High alkalinity prevents metal release from brass both by stabilizing the pH and by forming a 

protective layer of Pb carbonate solids on the material surface [8][19][27]. Low alkalinity 

therefore increases Pb release, which has been shown experimentally in several studies 

[19][27][29]. To prevent corrosion, public drinking water is often carbonized [8] which means 

that HCO3
-
 concentration is raised. 

3.4.3.4. Chlorine concentration 

Chlorination of drinking water is the most common method, worldwide as well as in Sweden, 

for preventing bacterial growth and disease spreading by water [33]. The disinfecting agent is 

either chlorine or chloramine which is a compound of chlorine and ammonia.  

When chlorine compounds are added to water, several reactions take place. First, a certain 

amount of the chlorine will react with metals and organic compounds. This is called the 

chlorine demand of the water. The amount of chlorine which remains is called the total 

chlorine. Parts of the total chlorine will react with nitrates, thus being unavailable for 

disinfection; this part is called the combined chlorine. Finally, the remaining part of the 

chlorine will be the residual chlorine, available for disinfecting microorganisms [34]. As the 

microorganisms are eliminated, the residual chlorine is consumed, therefore it is important to 
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add sufficient chlorine to provide enough disinfecting effect all the way through the 

distribution system. 

Since chlorine is a strong oxidizer, a high concentration increases corrosivity of the water and 

therefore it is desirable to keep chlorine concentration as low as possible. However, chlorine 

concentration must be high enough to last throughout the whole distribution system, since no 

disinfectant effect will be achieved in case all residual chlorine is consumed which could 

cause problems for the consumers in the end of the system. The risk of microbial growth and 

the risk of corrosion should be weighed against each other.  

Limit values for chlorine in drinking water range from approximately 0.1 mg residual 

chlorine/L in Germany [35] to 4.0 mg residual chlorine/L in the U.S [36]. In Sweden, the limit 

value is 0.4 mg/L [37].  

In Sweden, both free chlorine and chloramines are used for disinfection [35].  

High chlorine concentration usually increases metal release [29] but results have been 

contradictory in the case of Pb [38]. A comparison between free chlorine and chloramine 

indicated that water containing chloramines tends to be slightly more corrosive than water 

containing free chlorine [39]. 

3.4.3.5. Total organic carbon 

Total organic carbon, TOC, is the amount of organic matter in the solution. Experimental 

results [19][40][41] show that increased levels of organic matter increases Pb release from 

brass. This effect is particularly visible at low concentrations in the range of 0 - 2 mg/L [19]. 

A possible explanation might be that organic matter inhibits the formation of an insoluble 

layer of corrosion by-products on the material. Instead, a film of organic material is formed, 

to which Pb is associated and may be released to water from [19][40]. A comparison is seen 

in figure 14. 

 

Figure 14 Brass materials with an insoluble protective layer of oxidized Pb (upper) and a soluble 

film of organic material (lower). Pb release was highest from the material which was exposed to 

water with high TOC (lower). Image from [7]. 

In the upper sample, a green layer of cuprous oxides has been formed. In the lower sample, a 

film has formed which consists of soluble organic matter [19]. This may explain the 

relationship between TOC concentration and Pb release. 
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Conclusively, corrosive water has low pH, low alkalinity and high amounts of organic matter. 

In Sweden, such water is typically found in private supplies. Also, high levels of chlorine 

increase corrosion.  

In one study of the water quality impact on Pb release [42], brass samples with 3 % Pb 

content of the same weight and shape were contained in a sealed vessel together with test 

water during four weeks. Water was changed three times a week and analyzed for Pb at the 

end of each week. Two water qualities were compared, the standard American test water, 

more or less representative to the majority of the drinking water in U.S, and a slightly 

modified more corrosive water which can be considered to represent a reasonable worst case 

scenario in the U.S.  

The absolute values should be interpreted carefully since test conditions do not correspond to 

real conditions, only the relative variation is of interest. The results are displayed in figure 15. 

 

Figure 15 Illustration of the influence of water quality on Pb release. Data from [42]. 

Pb release to American standard test water was half of that to the more aggressive water. This 

means that a material approved on the basis of the American test may release twice the 

amount of Pb in aggressive U.S water and could thereby cause unacceptably high Pb 

concentrations. 

The conclusion is that Pb release to drinking water is highly dependent on the characteristics 

of the water. The choice of water quality in a Pb release test will influence the result. 

3.5 Drinking water directive 

The quality of drinking water is regulated in the European Drinking Water Directive [43]. The 

directive states that during preparation and treatment of drinking water, special consideration 

should be taken to secure that the quality of the water does not change during distribution and 

that drinking water should not contain material from installations used for distribution of 

drinking water in concentrations higher than necessary to meet the purpose of the use of the 

material [43]. 

According to the European Drinking Water Directive the “weekly average intake” of drinking 

water should not contain more than 10 µg Pb/L [43]. The exact meaning of weekly average 
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intake is not defined, but may be interpreted as “the average composition of the water 

consumed over a one week period”. 

In a drinking water system, several components may be made of brass, and Pb release may 

occur from a number of sources. When testing a material or product, it is important to take 

into consideration that the drinking water might be in contact with many different brass 

materials, and a margin of safety must be included [13].  

3.6 Field conditions in Sweden 

According to the European Drinking Water Directive, Pb limit values should be met for 

“weekly average intake” and the directive emphasizes the importance of using appropriate 

sampling methods that represent the weekly average drinking water consumption when 

describing Pb release of a material [43]. The following chapter is an attempt to describe the 

situation in the Swedish drinking water distribution system, in order to understand the 

conditions that brass products will be exposed to, and to find a way to describe the weekly 

average intake of drinking water. 

3.6.1. Stagnation time 

To make realistic predictions of metal release from materials, stagnation time in a test should 

correspond to the stagnation conditions in households. However, this is a factor which varies 

greatly depending on type and size of household, consumption habits, etc.  

In Sweden, there are no surveys about consumption patterns and average stagnation times, 

and approximations must therefore be based on surveys in other countries. Because of 

differences in lifestyle and habits, there might be variations between countries. Other 

European countries could be considered to be at least somewhat similar to Sweden when it 

comes to drinking water consumption patterns. 

German environmental authorities recommend that testing of metals in drinking water should 

be based on sampling with four hours stagnation. This since research has shown that German 

drinking water on average stagnate for 30 minutes [21][44]. Four hours would thereby 

provide a sufficient safety margin and also protect the consumers whose habits lead to longer 

average stagnation time. According to German environmental authorities, water that has been 

stagnant for more than four hours should be discarded since it is not suitable for drinking 

water [21]. 

Analyses of results from a survey conducted in Britain concluded that drinking water on 

average stagnate for 30 minutes [45]. A French [46] and an Italian study [47] of drinking 

water in households showed that randomly sampled drinking water from the tap had metal 

concentrations similar to those observed after 30 minutes and 4 hours stagnation time, 

respectively. 

A modeling program has been developed to simulate Pb release to drinking water [48]. The 

calculations in the modeling program are based on the assumption that drinking water 

consumption in a household follows one of the patterns in figure 16, depending on whether 

the residents work outside the home or spend the day at home. Results from modeling based 

on these assumptions have proven to be consistent with measured levels at the tap in Britain 

and therefore these usage patterns are likely to be representative to actual British cases [48]. 
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Figure 16 Water usage patterns in the British study [48]. 

Note that water use pattern B only represents 75 % of the daily water intake, since 

approximately 25 % is consumed elsewhere. 

What is interesting in this case is that about 5% of the total water intake is the water that has 

been stagnating overnight, for about 8 - 10 hours (see the water usage pattern A). Moreover, 

when the consumers do not spend the day at home, another portion of the water will be left 

standing over the day, which could result in stagnation times of about 8 - 10 hours (see water 

usage pattern B).  

Observed metal concentration in drinking water will be different if a certain amount of water 

is discarded before taking the test, or if the first-flush water is sampled. This is the part of the 

water which has been stagnating in the faucet and therefore is most likely to have elevated 

metal concentrations. Fontanay [21] points out that first-flush cannot be considered to 

represent average weekly intake. On the other hand, a study shows that 60% of the Germans 

do not flush the tap before they provide themselves with drinking water [49]. No such 

information about Swedish consumption patterns is available.  

Given this limited amount of statistics, first-flush water after four hours stagnation is likely to 

represent a reasonable worst case scenario of average weekly intake. It is possible to say that a 

test method that should represent field conditions of average weekly intake should have a 

stagnation time of at least four hours and that first-flush water should be sampled. 

3.6.2. Swedish drinking water quality 

Drinking water could either be supplied through the public drinking water distribution system, 

or by private supplies.  

3.6.2.1. Public drinking water 

All Swedish drinking water supplied by the public distribution system should meet the criteria 

in table 1. All requirements should be met at the tap. 
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Table 1 Quality criteria for Swedish drinking water. All requirements should be met at the tap 

[9]. 

Parameter Limit value 

pH 7.5 – 9.0 

Alkalinity > 60 mg/L 

Temperature < 20 °C 

Total chlorine < 100 mg/L 

Residual chlorine < 0.4 mg/L 

pH, alkalinity and chlorine concentration affect the corrosivity of the water and should 

therefore be within the range given in table 1.  

Furthermore, no addition of corrosion inhibitors containing phosphate is allowed, due to risk 

of microbiological growth [37]. 

80 % of the Swedish public drinking water is soft [50].  

3.6.2.2. Drinking water from private supplies 

According to the National Board of Health and Welfare [51], 1,2 million people in Sweden 

are supplied with drinking water from private supplies. The Swedish geological survey have 

compiled data from over 20 000 private supplies, and the results show that water quality in 

general is poorer than in the public water supply system [30].  

The ground water quality varies geographically within Sweden, which affects the hardness of 

the water. Hardness varies from about 7.5 mg Ca/L (very soft) to about 150 mg Ca/L (hard), 

depending on the type of bedrock on the site.  More than 80 % of the private water supplies in 

Sweden are very soft to moderately hard [30].  

Another factor impacting the Pb release to drinking water is the alkalinity which also varies 

geographically. Alkalinity of Swedish groundwater varies from less than 10 mg HCO3/L to 

over 150 mg HCO3/L [30].  Approximately 40 % of the private water supplies in Sweden 

have alkalinity less than 60 mg HCO3/L as recommended [30]. 

pH in drinking water from private supplies differs a lot from pH in public drinking water. The 

recommendation is that pH should be no less than 7.5. Data from Swedish geological survey 

shows that approximately 50 % of the drinking water in private supplies has pH less than 7.0, 

see table 2. 
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Table 2 pH in private supplies in Sweden. Data from Swedish geological survey. 

pH Cumulative % 

< 7,0 47 % 

< 6,5 30 % 

< 6,0 2 % 

< 5,5 2 % 

Median value = 7.0 

In 47 % of the private supplies pH is lower than 7.0, while pH in public drinking water must 

be at least 7.5. Consequently, drinking water from private supplies is expected to be more 

corrosive and more likely to contain exceeded levels of metals released from materials.  

3.6.3. Minor field study of Pb in drinking water in Sweden 

To the author’s knowledge, no major national survey has been performed in Sweden where 

Pb levels at the consumers’ taps have been investigated. During 2011, a minor survey was 

performed in Gothenburg and Lund, where 127 households were included [52]. The data is 

limited, but one of the conclusions was that mean Pb concentrations were higher in water 

supplied from private supplies, see fig 17. 
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Figure 17 Measured Pb concentrations in drinking water from 127 households in Lund and 

Gothenburg, Sweden. Figure from [52]. 

Staples 1 – 7 shows, from left to right; mean Pb concentration in 

1) all samples,  

2) apartment households where water has been stagnating in the faucet for 8 hours, 

3) apartment households where water has been flushed prior to sampling,  

4) houses where water has been stagnating in the faucet for 8 hours,  

5) houses where water has been flushed prior to sampling,  

6) houses with water supply from private supplies where water has been stagnating in the 

faucet for 8 hours,  

7) houses with water supply from private supplies where water has been flushed prior to 

sampling. 

All Pb average concentrations were below the limit value of 10 µg/L, however a tendency 

could be seen that water which had been stagnating 8 hours contained higher Pb levels 

compared to flushed samples, and water from private supplies contained higher levels than 

water from the public distribution system. In one case, 16 µg Pb/L was found in water 

supplied from a private well [52]. There is, of course, a risk that the raw water contains 

metals, for example Pb, at the point of intake and that this explains the higher Pb levels in 

private supply water. The fact that concentrations are higher after stagnation in the faucet 

indicates that at least parts of the Pb origins from the brass products. 

This sampling represents a limited number of households and there is no possibility to draw 

nationwide conclusions regarding the issue with Pb release from brass faucets. The study 

indicates that the risk of elevated Pb levels is highest in households which are supplied with 
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drinking water from private supplies, and that water which has been stagnating in the faucet is 

more likely to contain high levels of Pb compared to flushed samples. 

3.7 Current test methods 

The following review covers some standard methods for assessment of Pb release from brass 

material in contact with drinking water. Several standards with similar operating procedures 

exist and the ones chosen represent a range of methods. 

3.7.1. European standard rig test (EN 15664-1:2008 and EN 15664-2:2010) 

Rig tests are used to determine the long-term metal release from metallic materials in contact 

with drinking water. The products are mounted in a test rig (see figure 18) and water is 

allowed to flow in accordance with a pre-determined flow regime for running and standing 

water, in order to simulate household use. Water is let in through an inlet and discarded 

through an outlet, thus not re-circulated. 

 

Figure 18 Test rig used for the European standard test. Image from [17]. 

The aim is to assess the behaviour of a material in different water compositions, to compare 

materials or to evaluate the impact of local water on a material. Three types of water are 

defined, and to approve a new category of materials, all three types of waters should be tested. 

The water types are specified in table 3. 
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Table 3 Characteristics for the three test waters described in the European rig test EN 15664. 

 Test water 1 

Very hard, neutral  

Test water 2 

Soft, weekly acidic 

Test water 3 

Soft, alkaline 

pH 7.1 – 7.5 6.7 – 7.1 8.0 – 8.4 

Alkalinity (mg HCO3
-
/L) > 305 30.5 – 79.3 42.7 - 79.3 

Cl
-
 + SO4

2- 
(mmol/L) > 3 - - 

Oxygen > 70 % saturation > 70 % saturation > 70 % saturation 

TOC (mg/L) > 1.5 - - 

 

From experience, test water 1 is the most aggressive to brass materials [53]. 

Usually, local water from the drinking water system inlet is used, since there are considerable 

difficulties in producing and maintaining the quality of large amounts of synthetic water [13]. 

The characteristics of the water, such as pH, alkalinity, chlorine content, etc, should be 

monitored. 

Water samples that have been stagnating four hours are collected weekly and analyzed for 

metal content. The results should be presented as metal concentration as a function of 

operation time, T and stagnation time, t. A re-calculation should be made to assess the amount 

of metals that origins from the material and the concentration which would occur if the whole 

pipe were made of the tested material, the so called equivalent pipe concentration (EPC). 

When a material is evaluated, four hour stagnation time is considered. Therefore, the result of 

interest is the EPC (T, 4 h). The operation time of the test should be at least 26 weeks. 

From December 1
st
 2013, all materials should pass this test in order to be approved for use in 

contact with drinking water in four of the EU member states; France, Germany, the 

Netherlands and the United Kingdom. The cost of performing such a test is approximately 

80.000 € [4]. 

The equivalent pipe concentration should not be directly compared to the parametric value 

specified in the drinking water directive. For interpretation of the results, the standardization 

institute refers to part 3 of the standard. This part 3 is not yet ready; however, a first revision 

is published [13]. The calculations and interpretations of the data in this report are based on 

the information in this first revision. 

For a detailed description of the European test method, see chapter 3.2.1.1. 

3.7.2. Scandinavian test for product approval (NKB 4) 

In the 1970’s, the Scandinavian standard NKB 4 was introduced as a means of controlling if 

illegal Pb and Cd solders had been used in brass faucets. At that time, Pb parametric value in 
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drinking water was considerably higher than today [54].The method is used in Sweden, 

Denmark, Finland and Norway. 

The test is carried out by filling the product with synthetic extraction water and sealing it with 

plastic plugs. Every 24 hour, the water is changed and on day 9 and 10, the exposure water is 

collected and analyzed for Cd and Pb.  

Pb release on day 9 and 10 is calculated and the mean daily release should not exceed 20 µg 

Pb/product. Note that the value is given as a total mass and not as a concentration and 

therefore does not take into consideration the size or geometry of the item. A small product is 

allowed to release as much Pb as a large one. 

Soft, synthetic water is used with pH and alkalinity similar to the most corrosive waters 

allowed in the Swedish public drinking water distribution system. It should be pointed out 

that synthetic water differs from natural water since its minerals and salts have been removed.  

According to the test instructions, a minimum of one (1) sample, representative to the whole 

production, is required to test for approval of the production line. 

The cost of performing a Scandinavian test on one product is approximately 1500 € [55]. 

For a detailed description of the Scandinavian method, see chapter 3.2.1.2. 

3.7.3. American standard (NSF/ANSI 61-2010) 

The American product approval is a dump-and-fill method which aims to establish the 

chemical contaminants imparted to drinking water from several types of devices, including 

products in the last part of the distribution system such as faucets and hot and cold water 

dispensers. All products in the American drinking water system must comply with this 

regulation. 

The corrosivity of the standard exposure water should be representative to that of the majority 

of the drinking water in the U.S. Compared to Swedish drinking water the test water has 

higher chlorine content.  

The procedure is carried out during three weeks. Water should be changed every two hours 

during daytime, with a 16 hour overnight stagnation time. Water samples are collected from 

this 16 hour stagnation water in the morning; three water samples are collected every week. 

The metal concentrations should be presented as normalized statistical values, QAm, which is 

to be compared to limit values for drinking water.  

For detailed description of the American test method, see part 3.2.1.3. 

A comparison between the three methods is shown in table 4. 
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Table 4 Comparison between the European, Scandinavian and American test methods. 

 European test Scandinavian test American test 

Objective To assess the behavior of a 

material in different water 

compositions, to compare 

materials or to evaluate the 

impact of local water on a 

material. 

 Not specified. To establish the 

chemical contaminants 

imparted to drinking 

water from several types 

of devices, for example 

faucets. 

Filling 

procedure 

Rig test with a flow regime 

similar to that in a German 

household. Stagnation 

intervals of 0.5 to 8 hours. 

Dump-and-fill each 

24 hours. 

Dump-and fill-each 2 

hours during daytime 

and a 16 hour overnight 

stagnation. 

Stagnation 

time 

4 hours 24 hours 16 hours 

Product test No. Only materials can be 

tested, not products. 

Yes Yes 

Minimum 

of samples 

required 

15 material samples. (Three 

lines with 5 material 

samples in each) 

1 product 3 products 

Water type Three types of test water 

which should represent the 

range of water qualities 

present in European 

supplies. 

Synthetic water with 

pH and alkalinity in 

the lower range of 

Swedish public 

drinking water. 

Synthetic water with 

residual chlorine content 

similar to a worst-case 

American public 

drinking water.  

Operation 

time 

26 weeks 10 days 19 days 

Number of 

sampling 

occasions 

26 2 9 

Result 

evaluation 

Concentrations after 4 h 

stagnation are converted to 

equivalent pipe 

concentration (EPC) and 

multiplied by a factor 

depending on the final 

product. Should not exceed 

5 µg/L. 

A mean value of 

daily total Pb 

released on day 9 

and 10 should not 

exceed 20 µg. 

A statistical value is 

calculated from the 

results on day 3-19. 

Represents the upper 

75:th percentile in a 90 

% confidence interval. 

Should not exceed 11 

µg/L. 
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The comparison illustrates clearly the differences between the three test methods. From the 

knowledge summarized in part 2.4 and the comparison of the test protocols above, the 

different test methods are expected to yield different result when the same material is tested. 

Theoretically, the Scandinavian and American test methods should describe the surface 

behavior of the product which depends on processing. European test is more likely to describe 

the bulk material behavior. While the result of the European test will be displayed as a 

concentration as a function of time, the Scandinavian and American methods will result in a 

single value. All three methods represent first-flush, since the analyzed water sample has been 

stagnating in the sample for a period of time. 

3.8 Summary of literature survey 

Several parameters interact and affect Pb release from brass to drinking water. There is no 

simple way to predict how a material will react when exposed to drinking water, since it 

depends on a range of factors, illustrated in figure 19. 

 

 

Figure 19 Factors affecting Pb release from brass to drinking water. 

Not only do these factors affect Pb release, but they also affect each other. For example at low 

pH, the effect of alkalinity is more pronounced, while at higher pH alkalinity is found to be 

less important for Pb release [25], making the correlations extremely hard to map. To develop 

one test method which considers all possible varieties of all these factors is not reasonable. 

However, it is important to understand the effect of these parameters, in order to interpret the 

results from a test. 
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Water quality is an important parameter, and in Sweden the most corrosive waters seems to be 

those supplied from private supplies since their quality is not monitored and adjusted 

routinely. Since no major national field survey has been conducted where first-flush drinking 

water has been analyzed for Pb content it is hard to know to what extent Pb is a problem.  

A test method which aims to describe Pb release in field conditions should have at least four 

hours stagnation time and first-flush water should be analyzed. Also, Pb release should be 

monitored over a long time. Of the three standard test methods described in section 2.5 above, 

only the European standard rig test comply with all these demands. The drawback of this 

method is that only materials can be tested and not actual products, which means that factors 

such as geometry and product processing is not considered. There are currently no guidelines 

on how to convert Pb release from a material to that from the finished product. 

Pb release is typically very high during the beginning of a products lifetime. There are a few 

methods to wash products chemically, but the long term effects on Pb release have not yet 

been investigated. Washed materials have proved to perform better in short-term tests [18]. 

Conclusively, it is impossible to distinguish one single parameter which control Pb release. 

All factors must be considered when investigating a new brass material or product.  
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4. Experimental / Simulations 

4.1 Material 

4.1.1. Alloys 

Eight standard alloys were tested. Their Pb content are shown in table 5.  

Table 5 Tested alloys and their Pb content. 

Material Pb % 

Alloy 1 2 

Alloy 2 3 

Alloy 3 3 

Alloy 4 0.2 

Alloy 5 1.8 

Alloy 6 1.5 

Alloy 7 0.20 

Alloy 8 0.14 

Pb content in the materials vary from 0.14 to 3 wt-%. All alloys are European standard alloys, 

which means their composition is specified according to EN 12164 and EN 12165. 

4.1.2. Sample dimensions 

Material was supplied in the form of solid rods by Nordic Brass and the mechanical 

preparation was performed by Swerea KIMAB’s mechanical workshop. The samples were 

machined with 1910 rounds per minute. 

Standardized samples with dimensions according to a draft to EN 15664 were used in all tests. 

The dimensions of the brass samples used for testing are shown in figure 20.  
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Figure 20 Sample dimensions. 

Dimensions of the samples are specified in table 6. 

Table 6 Dimensions of samples. 

Parameter Size 

Length 120 mm 

Inner diameter 15 mm 

Volume 21.2 mL 

Inner surface area 56.5 cm
2
 

Inner surface roughness, 

Ra 

1.21 µm 
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Volume to surface area 0.375 

mL/cm
2
 

These dimensions were chosen since they fit in the test rig. To eliminate variations between 

the extraction methods, the same dimensions were used in the product tests as well. It should 

be pointed out that the dimension differs from actual products. 

Surface roughness of the samples is not specified in the standard. 

4.1.3. Heat treatment 

For the samples that were heat treated, heat treatment of the material was performed by 

exposing it to 550°C for 2 hours. Heat treatment was performed by the material supplier 

Nordic Brass. Heat treatment took place prior to machining. 

4.1.4. Washing 

The samples were exposed to a solution of 32 mL HCl (37 %) and 120 g NaCl solved in 1000 

mL MilliQ water for 10 minutes at 50° C. Thereafter, samples were dipped in 0.2 M NaOH 

and then flushed with tap water. This method was developed by Flyg and Symniotis at Swerea 

KIMAB [18] and is expected to remove smeared Pb from the surface. 

The washing procedure is described in table 7. 

Table 7 Principle of washing according the Flyg and Symniotis method. 

Solution Temperature Time 

32 mL HCl (37 %) and 120 g NaCl solved 

in 1000 mL MilliQ water 

50° C 10 minutes 

0.2 M NaOH Room temperature A few seconds 

Tap water Room temperature A few seconds 

Washing took place 24 hours prior to exposure. 

4.2 Methods 

4.2.1. Test methods 

4.2.1.1. European test (EN 15664) 

Rig tests were performed at TA Hydronics. The test rig was built after a draft to the European 

standard, thus dimensions and flow regimes differs slightly from the existing standard 

method. Therefore, results may differ from the European standard procedure. This is to some 

extent compensated for in the interpretations of the results. 
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Four samples of each material were mounted in a test line in which water was allowed to flow 

and stagnate. Water was flushed and discarded, not re-circulated. The rig was connected to the 

water inlet of the building to minimize contamination due to plumbing. 

 

Figure 21 Test rig. 

 

 

Figure 22 Illustration of pipe set up. Brass materials are mounted on a plastic test line. 

Four samples with dimensions illustrated in figure 20 (length 120 mm, inner diameter 15 mm) 

were mounted on a test line. According to the actual standard, five samples of length 100 mm 

and inner diameter 17 mm should be used. This deviation is compensated for in the 

calculation, see equation 2. 

Table 8 specifies the set up for the whole test line, which consisted of four samples mounted 

on a plastic pipe.  
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Table 8 Volume distribution in the test line. 

Parameter Dimension 

Total volume of test line (Vtot) 260 mL 

Total volume of brass samples (Vsample) 85 mL 

Total surface contact area 82 cm
2
 

 

The exposure water was the incoming local Ljung water. Chemical characteristics of the 

exposure water are displayed in table 9. 

Table 9 Chemical characteristics of the local Ljung drinking water used in the rig test.  

 Local Ljung water 

pH 7.3 – 8.2 

Alkalinity (mg HCO3
-
/L) 110 

Pb (µg/L) 0.78 

Cl (mg/L) 39.2 

All parameters were measured at AK Lab, except pH which was measured on site. 

Each day was divided into nine stagnation periods of 50 minutes to 12 hours, see table 10.  

Table 10 Flow regime of the TA test rig. 

Time 8.10-
9.00 

9.05-
10.00 

10.05-
11.00 

11.05-
12.00 

12.05-
14.00 

14.05-
16.00 

16.05-
18.00 

18.10-
19.20 

19.30-
07.30 

7.30 

Stagnation 
time 

50 min 55 min 55 min 55 min 115 min 115 min  115 min  70 min 12 h Samp. 

Between the stagnation periods, flushing took place for five minutes, except before and after 

sampling where a ten minute flush took place. The flow rate is 5 L/min. 

The flow regime of the TA Hydronics rig differs slightly from the flow regime described in 

EN 15664. Instead of nine stagnation periods of 50 minutes to 12 hours, the European 

standard prescribes 22 stagnation periods, where only three should be longer than one hour. 

This flow regime is more likely to represent a case where the residents spend the day at home. 
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Moreover, the stagnation time of the analyzed water sample in this experiment is 12 hours, 

compared to four hours in the actual standard method. 

After an overnight stagnation of 12 hours, water samples were collected four days a week. 

Approximately 0.26 L was sampled at each occasion and the four samples of the week were 

collected in the same bottle. This was a modification in relation to EN 15664 which prescribes 

one single sample of 250 mL to be collected weekly. The water samples were adjusted to pH 

2 with 10 mL 32.5 % HNO3. Samples were stored in a refrigerator until they were sent to AK 

Lab AB for analysis. 

4.2.1.1.1. Evaluation of results 

Correction of the concentrations was made according to equation 1 and 2 which are both 

described in the European standard [56]. Firstly, the background concentration in the 

incoming water was subtracted. 

Bn CCC       (Eq. 1) 

Where Cn is the concentration corrected by subtraction of blank value of the metal for the test 

water (µg/L) 

C is the measured Pb concentration in the water (µg/L) 

CB is the blank value of the metal for the test water (µg/L) 

Secondly, a conversion was made to find the equivalent pipe concentration, which represents 

the result if the whole pipe were made of the material. 

Re-calculation was done according to equation 2. 

sample

tot
nEP

V

V
CC *      (Eq. 2) 

Where CEP is the equivalent pipe Pb concentration (µg/L) 

Vtot is the total volume of extraction water sampled from the rig (mL) 

Vm is the volume of extraction water in the brass samples (mL)  

This extraction was made with 12 hour stagnation, while the European standard test should 

represent 4 hour stagnation. In order to correct for this, an assumption was made that Pb 

concentration is a linear function of stagnation time during the first 12 hours. As discussed in 

part 3.4.2, this is a somewhat uncertain assumption, but the most accurate which can be made. 

Estimation of equivalent pipe concentration after 4 hour stagnation was done by equation 3. 

3

)12(
)4(

hC
hC EP

EP      (Eq. 3) 

According to 4 MS [13] the two following criteria must be met: 

;*)4,( RCahTCEP  T = 16, 21 and 26 weeks   (Eq. 4) 
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)()4,( aEPbEP TChTC ; {Ta, Tb} = {12, 16}, {16, 21} and {21, 26} weeks (Eq. 5) 

where T is the time of operation (weeks) 

a is the assumed contact surface area of the final product, found in table 11. 

RC is the reference concentration (µg/L), which for Pb is 5 µg/L (or 50 % of the drinking 

water directive parametric value). 

Since the European rig test is a material test and not a product test, the contribution of Pb 

from the product to the drinking water must be estimated. This depends on the final product 

and the assumed contact surface to the water. Table 11 lists different types of products and 

their assumed contact surface. 

Table 11 product groups for metallic materials. Table from [13]. 

Product group Type of product Assumed 

contact 

surface, a 

A Pipes in buildings installations 

Uncoated pipelines in water supply 

systems 

1.00 

B Fittings 

Ancillaries 

Parts of pumps in buildings 

installations 

Parts of valves in buildings 

installations 

0.10 

C Moving parts in water meter 

Parts of pumps in water supply 

systems 

Parts of valves in water supply 

systems 

0.01 

 

Brass materials are mainly used to produce type B products, which contribute to 10 % of the 

total contact surface of the system. For assessment of Pb release from brass, a = 0.10 when 

using equation 4.  

4.2.1.2. Scandinavian test (NKB 4) 

Synthetic exposure water was prepared by adding 50 mg NaCl, 50 mg Na2SO4 and 50 mg 

CaCO3 to 1 L of de-ionized water. pH was adjusted to 7.0 ± 0.1 by blowing through a current 

of CO2. The water was placed in a sealed glass bottle for some hours until the salts had 

dissolved. Afterwards, the water was aired and stirred to obtain oxygen saturation. Alkalinity 

of the water was 61 mg HCO3
-
/L and hardness was 20 mg Ca/L which is considered soft. 
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One set of test was also performed with local Stockholm water. This water was collected at 

the intake of Swerea KIMAB’s basement, to eliminate the risk of contamination from 

materials in the building plumbing system. pH was monitored daily. Blank samples were 

analyzed for Pb during each exposure. The characteristics of the Stockholm water are 

described in table 12. 

  12 Chemical characteristics of local Stockholm water.  

Parameter Local Stockholm 

water 

pH 8.6 - 8.9 

Alkalinity (mg HCO3/L) 81 

Residual chlorine (mg/L) 0.14 

Pb (µg/L)  0.43 

Hardness (mg Ca/L) 36 (moderately hard) 

pH, Pb and residual chlorine are measured at sampling occasion, alkalinity and hardness were 

measured by Eurofins lab in July 2011. The background concentration of Pb in the local 

Stockholm water was 0.43 µg/L. 

Prior to exposure, the samples were degreased by pure ethanol and then connected to a flow 

of tap water for one hour. Then samples were filled to the top with exposure water, allowing 

no air and sealed with plugs of Teflon.  

Every 24 hours, the water was drained out. This procedure is repeated and water was changed 

on day 1, 2, 3, 4, 7, 8, 9 and 10 according to the standard Scandinavian procedure. 

Additionally, the experiment was prolonged and the same dump-and-fill procedure was 

carried out each weekday until day 24. The water volume was observed each day to assure the 

volume was constant. The procedure was carried out in room temperature, 20 ±5°C. 

Samples were prepared and analyzed according to 3.2.2. Analysis took place within 72 hours 

of extraction. 

4.2.1.2.1. Evaluation of results 

The results were obtained through equation 6. 

sampleScand V
cc

Q *
2

109
     (Eq. 6) 

where QScand is the value to be compared to the limit value of 20 µg. 

Ci is the Pb concentration in the extraction water on the i:th day (µg/L) 
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Vsample is the total volume of the sample (L). 

The results are presented as an average total mass of Pb released daily per product on day 9 

and 10 and should not exceed 20 µg. 

4.2.1.3. American standard NSF/ANSI 61-2010 

Conditioning of the samples was made through exposing them to tap water for 15 minutes 

prior to extraction. 

Extraction water was prepared by solving 0.84 g NaHCO3 in 1.0 L de-ionized water. NaOCl 

was added until residual chlorine reach 0.4±0.1 mg/L. The American standard procedure was 

modified in this sense, originally, the water was supposed to contain 2.0±0.5 mg residual 

chlorine/L. Such conditions do not occur in the Swedish drinking water network where the 

limit is 0.4 mg/L and according to a report from Svenskt Vatten [31], the actual level at the 

tap is considerably lower. However, to represent a Swedish worst-case scenario, the 

extraction water was set to contain 0.4 ±0.1 mg residual chlorine/L. pH was adjusted to 

8.0±0.5 with 0.1 M HCl. Characteristics of the American test water is found in table 13. 

Table 13 Chemical characteristics of the American standard test water. 

Parameter Value 

pH 8.0 ± 0.5 

Alkalinity (mg HCO3/L)  610 

Cl2 (mg/L) 2.0 

On day 15 to 19, the analytical equipment for measuring of residual chlorine was out of order. 

Approximately the same amount of chlorine stock solution was added, but the exact 

concentration in the extraction water could not be confirmed. This could possibly have had 

impact on the results, since chlorine content is an important factor governing corrosivity. 

When local Stockholm water was used in the American test, water was collected at the inlet 

of Swerea KIMAB’s basement. For water characteristics, see table 12. 

Three samples were tested per alloy, which is the minimum required. 

The samples were plugged in one end with plugs of Teflon and placed standing upright. 

Water was changed according to the schedule in table 14. 

Table 14 Sampling and filling schedule. Water was changed 5 times during weekdays, with 2 

hour intervals. Overnight stagnation samples (16 hour stagnation) were collected 3 times a week. 

  

8.30 10.30 12.30 14.30 16.30 

Day 1   2 h  2 h 2 h 2 h 16 h 
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Day 2   2 h  2 h 2 h 2 h 16 h 

Day 3 sampling 2 h  2 h 2 h 2 h 16 h 

Day 4 sampling 2 h  2 h 2 h 2 h 16 h 

Day 5 sampling 2 h  2 h 2 h 2 h 72 h 

Day 8   2 h  2 h 2 h 2 h 16 h 

Day 9   2 h  2 h 2 h 2 h 16 h 

Day 10 sampling 2 h  2 h 2 h 2 h 16 h 

Day 11 sampling 2 h  2 h 2 h 2 h 16 h 

Day 12 sampling 2 h 2 h 2 h 2 h 72 h 

Day 15   2 h  2 h 2 h 2 h 16 h 

Day 16   2 h  2 h 2 h 2 h 16 h 

Day 17 sampling 2 h  2 h 2 h 2 h 16 h 

Day 18 sampling 2 h  2 h 2 h 2 h 16 h 

Day 19 sampling         

 Samples were prepared and analyzed according to 3.2.2. Analysis took place within 72 hours 

after extraction. 

4.2.1.3.1. Evaluation of results 

The calculations of the statistical value are displayed in equation 7 - 10 below. 

SkY

Am eeQ mean *2*     (Eq. 7) 

n

Y
Y

n

i i

mean
1     (Eq. 8) 

j

i

ij

i

Y
Y

1 9
     (Eq. 9) 
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1

1

2

n

YY
S

n

i meani
    (Eq. 10) 

Where QAm = the statistical value to be compared by the limit value. 

Ymean = mean log-dose for each material, j. 

k1 = a given constant which depends on the number of samples tested (n= 3, k1 = 2,60281) 

n = number of samples per material, no less than three. 

Yij = Ln cij, where cij is the measured Pb concentration of the i:th sample on the j:th day. 

S = log dosage standard deviation 

These calculations are based on the assumption that concentration is log-normally distributed. 

QAm represents the 75
th

 percentile of a 90 % upper confidence bound. This means that with 90 

% certainty 75 % or more of the products in the product line will release a lead dosage less 

than QAm. 

QAm must not exceed 11 µg/L in order to pass the American approval. Note that the drinking 

water limit value is 15 µg/L in America, which is higher than the European parametric value. 

4.2.2. Analysis 

Initially, one set of tests were performed with the Scandinavian method, where washed and 

unwashed samples were tested in local Stockholm water as well as standard test water. These 

samples were analysed by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-

OES), where the sample was aspirated and the emission measured spectrometrically at 182 

nm. Due to the relatively high deviations between readings, this method was found to be 

insufficiently sensitive and this method was abolished.  

For the rest of the Scandinavian and American tests, chemical analysis was conducted with 

Inductively Coupled Plasma Mass Spectrometry (ICP-MS). All samples were diluted 1:10 

with MilliQ water and 2 % HNO3. An internal standard of 10 µg/L In was used. Samples were 

analyzed for Pb. Calibration was performed at each occasion. When more than 60 samples 

were analyzed at the same time, multiple calibrations were performed after each 60:th sample. 

For each water sample, three readings were made and the result is displayed as the mean value 

of these three readings.  

For Pb, the 204 isotope were used for detection since this proved to have the most linear 

correlation between standard concentrations and observed counts, as well as the lowest 

deviation between the three readings of the sample. For Pb, calibration curves were linear and 

had a R
2
 of more than 0.999 in all cases.  

To eliminate errors in the readings, calibration solutions were prepared and stored in the same 

way as the water samples. In and HNO3 were added to the calibration solutions in the same 

amounts as in the water samples.  

For the European rig tests, mixed samples were collected weekly and adjusted to pH 2. 

samples were stored at 8°C and sent to analysis at AK Lab.  
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5. Results 

5.1 European test 

EPC(T, 4h) from the rig test are displayed in figure 23. 
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Figure 23 Equivalent pipe concentrations (4h) in rig test. 
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The Pb release pattern is similar in all alloys with an initial peak during the first week, except 

the washed samples where Pb release is lower week 1, compared to the same material un-

washed. Washed material shows an unexpected peak in Pb release on week 5, which is not 

seen in the unwashed material.  Washed samples releases higher amounts of Pb than un-

washed samples during week 2 – 6. Only on two occasions, week 1 and week 8, Pb release 

was lower from washed samples compared to unwashed samples. 

In accordance with the literaure, Pb release due to corrosion reaches a maximum after a 

number of weeks (see figure 8). This is seen in figure 23 as an increase in Pb release from 

week 2 to week 9 approximately. The decrease and stabilization of Pb release after week 9 

could indicate that solid compounds have formed on the brass surface, reducing the corrosion 

rate. 

The non-heat treated material follows the same Pb release pattern as the same material which 

has been heat treated. Only during one week (week 7) a difference is seen, showing than non-

heat treated material releases approximately twice the amount of Pb as the heat treated 

material. 

From week 9 to week 16, all samples of alloy 1 seems to release similar amounts of Pb, 

regardless of washing or heat treatment. 

Pb content in the bulk material of alloy 8 is approximately 10 % of Pb content of alloy 1. This 

is reflected in Pb release, which is significantly lower from alloy 8 than from alloy 1. For all 

samples except the washed ones, Pb release is highest during the first week.  

As previously mentioned, the alloys must meet the criteria on week 16, 21 and 26, and the 

trend should be that Pb release is decreasing between these times. Due to time restrictions, the 

test was carried out during 16 weeks, and therefore the complete assessment according to EN 

15664 can not be made, only predictions based on the result from the first 16 weeks. 

Table 15 shows the amount of Pb which is expected to be released from type B products of 

the tested alloys during week 16, according to equation 1 – 3.  

Table 15 Equivalent pipe concentration at week 16 for the tested alloys. Results have been 

multiplied by a =0.1 which is the recalculation for faucets, manifolds and fittings. 

Alloy EPC (16 weeks, 4 h) * a 

Alloy 1 5,79 

Alloy 1, washed 5,87 

Alloy 1, no heat treatment 5,31 

Alloy 8 0,25 

Table 15 shows that alloy 1 gives approximately the same result, regardless of washing or 

heat treatment. All samples of alloy 1 failed the test slightly. The limit is 5 µg Pb/L and all 

alloy 1 samples were between 5.31 and 5.87. Alloy 8 passes the test with a large margin with 
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EPC*a = 0.25 which is less than background level (0.78 µg Pb/L). Thus, alloy 8 would pass 

the test for a=1.00, which means alloy 8 should be approved for pipes. 

5.2 Scandinavian test 

The results from the Scandinavian test are displayed in table 16. 

Table 16 Results from the Scandinavian product approval test. Values represent mean values 

day 9 and 10. 

Alloy QScand 

Alloy 1 5.6 

Alloy 1, washed 1.4 

Alloy 1, no heat treatment 8.2 

Alloy 2 11.0 

Alloy 3 3.1 

Alloy 8 0.69 

All materials meet the criteria of < 20 µg Pb/sample. Alloy 8 has significantly lower value 

than other tested materials. Alloy 2 has the highest QScand value of the tested materials. When 

alloy 1 is not heat treated, a higher QScand is obtained.  

Washing of alloy 1 result in 75 % decrease of QScand. 

5.2.1. Pb release over time 

In order to understand what the QScand represent, extraction water was analyzed for Pb on day 

1, 3, 9, 10, 15, 17, 22 and 24. Results are displayed graphically in figure 24. 

  



Methods for assessing Pb release from brass to drinking water 

Lisen Johansson 

 

43 

 

Figure 24 Pb concentration in standard extraction water day 1-24 during Scandinavian test. Note that sample dimensions do not represent 

dimensions of real products, thus Pb release from standardized samples do not represent Pb release from actual products.  
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As figure 24 illustrates, Pb release is high in the beginning. An initial peak is observed on day 

1. In all samples, Pb release is higher on day 10 compared to day 9. Pb release seems to be 

more or less constant between day 10 and 24 in all samples except alloy 2. All samples show 

the same pattern, but different concentrations. Alloy 8 has the lowest Pb release at all 

sampling occasions. 

5.2.2. Reproducibility 

Only one sample must be tested to obtain a product approval for the whole production line. In 

these experiments, two samples were tested. The deviations of the QScand of the samples are 

displayed in figure 25. 

 

Figure 25 Reproducibility of the Scandinavian test. 

The variations between two samples are large, in alloy 1 the QScand of sample 1 is more than 

250 % the QScand of sample 2. Also alloy 2 displays a large variation of QScand between the two 
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consideration is taken to this variation. 

The variations in alloy 8 and in the washed samples are small. 

None of the samples in this test exceed the limit of 20 µg Pb. 

5.2.3. Influence of test water  

One series of tests were performed where the Scandinavian product approval test was 

conducted with two types of water; the synthetic water prescribed in the method, and local 

Stockholm water which is expected to be less corrosive. The results are displayed in table 17.  
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Table 17 Results from Scandinavian test with standard test water (synthetic) and local 

Stockholm water respectively. Values represent average of three samples. 

Alloy QScand Standard test water QScand Local Stockholm water 

Alloy 1 4.9 7.0 

Alloy 1, washed 1.4 1.4 

Washed and unwashed samples of alloy 1 were tested in both synthetic water and local 

Stockholm water. Note that QScand for alloy 1 is different in this comparison than in others, 

since these results were obtained in test series 1 and analysed by ICP-OES . For the unwashed 

samples, local water resulted in higher QScand, while washed samples gave the same result in 

both standard test water and local Stockholm public drinking water. This was rather 

unexpected since local Stockholm water is expeted to be non-aggressive. 

The variance of QScand in local and standard test water is displayed in figure 26. 

 

Figure 26 QScand in standard and local test water for alloy 1. 

 

For all three samples, QScand is higher in local Stockholm water. 
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Alloy 1 147 

Alloy 1, washed 34.6 

Alloy 1, no heat treatment 203 

Alloy 2 135 

Alloy 3 66.4 

Alloy 4 29.7 

Alloy 5 171 

Alloy 6 186 

Alloy 7 31 

Alloy 8 25.1 

 

No alloy passed the test. Washing of the material resulted in lower Pb release and a lower 

QAm, though not low enough to comply with the reference concentration of 11 µg Pb/L. Alloy 

8 had the lowest QAm-value in the American test, while alloy 1 no heat treatment had the 

highest value. 

Washing of alloy 1 result in a 77 % decrease in QAm. 

Outliers were excluded from the calculations, but this did not affect the pass or fail in any 

case. However, outliers proved to have a great impact on QAm. For alloy 7, all observed 

concentrations were below 84 µg/L, except for one measurement in one sample which was 

260 µg/L (see figure 35). If this value was included, QAm = 49, if not included, QAm = 31. In 

this case, the measurement was excluded, since it was considered to be caused by some error 

in the sampling, sample treatment or analysis and was not consistent with the results from the 

two other samples. 

5.3.1. Influence of test water 

Results from the American test conducted in local Stockholm water are displayed in table 19.  
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Table 19 Results from American product test conducted in local Stockholm water. 

Alloy QAm (µg/L) 

Alloy 1, no heat treatment 215 

Alloy 5 191 

Alloy 6 156 

Alloy 7 19.6 

 

The results of the test were similar when conducted in local Stockholm water. For alloy 1, no 

heat treatment and alloy 5, QAm was higher in local water than in standard test water. For 

alloy 6 and alloy 7, QAm was lower in local Stockholm water compared to standard test water. 

In order to display what QAm represent, the observed concentrations were plotted against QAm. 

One example is given in figure 27.  

 

Figure 27 Distribution of observed Pb concentrations in extraction water from alloy 1 compared 

to Q. 
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5.4 Correlation between test methods 

To evaluate the correlation between the short-term tests and the long term rig test, the EPC (4 

h, 16 weeks) are plotted against results from the American and Scandinavian tests. Results are 

displayed in figure 28 and 29. 

 

Figure 28 Correlation between European rig test and Scandinavian product test.  

 

Figure 29 Correlation between European rig test and America product test. 
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To clarify the correlation between the two short-term material tests, results from Scandinavian 

tests are plotted against results from the American test. Results are displayed graphically in 

figure 30. 

 

Figure 30 Correlation between Scandinavian and American product tests. 
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6. Discussion 

6.1 Test performance 

Regarding the requirements to pass the different tests, there is no alloy which consistently 

passes or fails all three tests. Whether or not a product or a material receives an approval 

depends on the choice of test method. 

6.2 Correlation between long- and short-term tests  

There is little consistancy between a product test such as the Scandinavian or American, and a 

material test such as the European. The results from these experiments show that short-term 

behaviour is not related to long term behaviour and a product which releases low amounts of 

Pb in the beginning may release high amounts of Pb in a long term perspective, especially in 

the case where the material has been washed. Consequently, both short-term testing of the 

product and long-term testing of the material is necessary to describe the full Pb release 

behaviour of the product or material. 

Only four materials were available for comparison between the short-term product tests and 

the European material test. This is too few to draw certain conclusions, but the indication is 

that there is no correlation between the results in the Scandinavian or American tests and the 

result obtained after 16 weeks in the European test.  

A clear correlation was found between the performance in the Scandinavian test and the 

American test. The relative perfomance of the alloys were the same in both tests, except for 

alloy 2. In spite of this correlation, all samples passed the Scandinavian test, while all failed 

the American test. This indicate that the two methods describe the same Pb release behaviour, 

but the criterias for approval differs. 

6.3 Evaluation of the Scandinavian test 

6.3.1. Pb release over time 

In the Scandinavian test, Pb release is highest during the first day, followed by the second day 

for all samples. This is expected, since most of the release is assumed to origin from a layer of 

smeared Pb on the brass surface which is gradually washed away. Contrary to the expectation, 

Pb release is increasing between day 9 and 10 in all samples. This indicates that not only 

smeared Pb is the source of the Pb release obseved on day 10, but also some other process 

which increases from day 9 to day 10. Since water characteristics are not changed, the answer 

is most likely found in the material, assumingly in the corrosion of the material. After day 10, 

Pb release is either stabilizing or decreasing, depending on the material. When comparing the 

QScand of  washed and unwashed samples, a 75 % decrease could be found. This might 

indicate that the majority of the observed Pb release in the Scandinavian test origins from the 

smeared surface Pb, which is in line with the results found in the literature and discussed in 

section 3.3.1. 

6.3.2. Reproducibility 

The Scandinavian test method has low reproducibility. Two identical samples may show a 

large difference in Pb release on day 9 and 10 and therefore also a large difference in QScand. 

In both the Scandinavian and American test, variance seems to be highest in the initial part of 
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the test. This indicates that Pb release due to smeared surface Pb is harder to predict and 

varies more, compared to Pb release from the bulk material.  

Though only two samples of each material were tested in the Scandinavian method, it is 

possible to say that variance is too high not to be considered. A major drawback of the 

Scandinavian test method is the fact that it does not consider these variations, and might result 

in misinterpretations of a products’ suitability for drinking water applications. This is an 

observation in line with the ones made by the Swedish Board of Housing, building and 

Planning during their evaluation of faucets available on the market [57]. Possibly, one 

explanaiton to this variance is found in the Pb release over time. As seen in figure 24, Pb 

release increases on day 10, which is one of the points analyzed. If this peak varies in time, 

this will influence the QScand. 

6.3.3. Water quality 

In the Scandinavian test, an increase of Pb release from unwashed samples could be observed 

when using local Stockholm water, compared to standard test water. This was in contradiction 

to what was expected, since a test water should represent a worst-case. A possible explanation 

could be that the standard test water is less corrosive than public drinking water.  

In the American test, Pb concentrations in the standard test water and in the public drinking 

water was found to be similar, this in spite of the fact that the test water had lower pH and 

higher chlorine content than the public drinking water and therefore was expected to be more 

corrosive. One explanation could be the short time during which the experiments took place. 

There is a possibility that the effect of test water characteristics on Pb release is more 

pronounced in a long term perspective, since one important effect of water composition is the 

ability or inability to form a protective layer on the inner surface of the material. This process 

takes time, up to several months as discussed in chapter 3.4.1, and therefore the effect of 

extraction water composition might be more pronounced in a long term material test than in a 

short-term product test. No long term comparisons on water quality were made in this study. 

6.4 Washing of the material 

Washing of the material to remove Pb proved to have a large impact on the results in the 

Scandinavian and American product test. This was expected, since the main part of the 

observed Pb release in a product test origins from the smeared surface Pb. In both the 

Scandinavian and American test, washing of alloy 1 caused approximately 75 % decrease of 

observed Pb release.  

There is no information on how effective the washing is, possibly there is still a certain 

amount of smeared Pb left on the brass surface. Assuming the washing is effective and that all 

smeared Pb is washed away, this would mean that 75 % of the observed Pb release in these 

product tests origins from the smeared Pb and that the 25 % of the Pb origins from corrosion 

processes. The effectiveness of the Pb washing in these experiments was not analyzed. 

The positive effect of washing was not found in the European material test. Contrary to the 

product tests, Pb release proved to be higher from the washed material than from the 

unwashed material. The increase was negligible (1.4 %) and the increase in Pb release in 

washed material could be coincidal. At several occasions during the first 16 weeks of the 

European test, washed material was found to release higher levels of Pb than unwashed 

material. After 16 weeks operation, there is no difference between Pb release from washed 

and unwashed samples. 



Methods for assessing Pb release from brass to drinking water 

Lisen Johansson 

 

52 

These tests show that washing of the material with chlorides decreases initial Pb release but 

does not seem to have any positive effect in the long term. On the contrary, washing of brass 

material may increase Pb release during the first 16 weeks of operation. An explanation to this 

effect could be the fact that chlorine is a strong oxidizer, causing corrosion. When brass 

materials are exposed to chlorine, the corrosion process is initiated. Ideally, only the smeared 

surface Pb is affected by the chlorine but if the chlorine concentration is high, the bulk 

material may also be affected and corrosion damage may occur. When exposing the material 

to water, the corrosion damage may serve as an exposure path between bulk Pb and the water 

and Pb could be released. Therefore corrosion damage could go deeper in a washed material 

than in an unwashed material before a protective layer is formed. To further investigate the 

eventual corrosive effect on washing, analysis of the samples in the microscope could be 

performed. 

6.5 Heat treatment 

Heat treatment affects the bulk material and its microstructure, therefore the expectation is 

that long term behavior should be affected by heat treatment, while short-term behavior is not. 

Surprisingly, the effect of heat treatment is observed in the short-term product tests but not in 

the long term material test.  

After 16 weeks operation, there is no difference between Pb release from washed and 

unwashed samples. Heat treated material was found to release slightly higher amounts of Pb 

on week 16 than non-heat treated material (+ 9 %), though this could be caused by natural 

variation. In the Scandinavian test, heat treatment showed 32 % decrease of QScand, but due to 

the high variation between samples and the limited amount of data, no certain conclusion can 

be drawn. As for the American test, heat treatment of the material caused a 28 % decrease of 

QAm.  

6.6 Choice of method 

The choice of method will affect the result. No material was accepted according the American 

test, while all materials were accepted according to the Scandinavian test. The American test 

method should be considered to be more reliable than the Scandinavian since more 

parameters are considered. The results obtained in the American product test are likely to be 

more representative to the whole product line, since consideration is taken to the amount of 

samples tested and the deviation between samples.  

It should be pointed out that the American test is adjusted to fit American drinking water 

conditions, for example the higher chlorine content. Whether or not the test conditions could 

apply to Swedish drinking water has not been investigated in this work. The water quality is 

the main parameter which differs between the Scandinavian and American test conditions. 

Neither the Scandinavian or the American test is performed  in a way which represent a 

weekly average drinking water intake. The results from the European test could represent a 

weekly average drinking water intake. It is important to stretch that the results from the 

product tests should not be compared to the drinking water directive parametric value of 10 

µg/L. 

6.7 Methods 

The American test method is more time consuming than the Scandinavian test method, since 

water needs to be changed five times a day during three weeks, compared to once a day 
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during less than two weeks. Also, more sampling and analysis is required in the American 

test. The European test require long time testing, but once the samples are mounted, little 

work is requred. Sampling takes place each week and flushing and stagnation occurs 

automatically. The main drawback is the cost of this method, which is mostly due to the need 

of equipment and a large number of analysis, which are costly. Also, full results can not be 

obtained until 26 weeks after starting the experiment. In this experiment, the European test 

could not be fully completed due to time restrictions, and this reflects one of the main 

drawbacks of the European test, the difficulties in performing sufficient number of tests. 

Since materials need to be tested for 26 weeks or more, and only a limited number of test rigs 

are available, access to equipment is also a problem. 

Another drawback of the European method is that material of standardized length and 

diameter are tested. These differs from actual products, and Pb release is also dependent on 

processing and geometry of the final product. The initially high Pb release is mainly due to 

these factors can not be described in detail by the European test. 

7. Conclusions 

 The Scandinavian and American product test cannot be used to predict a materials’ 

performance in a long term rig test. 

 

 The Scandinavian product test has low reproducibility and the test water does not 

seem to represent worst-case water. 

 

 Washing of materials result in approximately 75 % decrease of observed Pb release in 

both the American and the Scandinavian test, while in long term test, washing of the 

material leads to increased Pb release during the first 16 weeks, possibly due to 

increased corrosion. 

 

 Heat treatment of a material does not impact the result in a rig test, at least not during 

the first 16 weeks of operation.  

 

 All materials pass the Scandinavian product approval, while no material passes the 

American product approval. 

 

 Washing or heat treatment of alloy 1 does not affect the result in the European test on 

week 16. 

 

 Alloy 8 passes the European test. Alloy 1 slightly fails the test regardless of washing 

or heat treatment; however, modifications of the test method might have influenced 

the outcome. 

 

 Results from different tests are inconsistent and no material consistently passes or fails 

all tests. 
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8. Further work 

A number of questions have arisen which, due to time restrictions, could not be answered 

withing the frame of this master thesis project.  

First of all, it would be desirable to test additional alloys according to the European rig test, to 

assess their metal release behaviour. These tests should be carried out for 26 weeks, and 

preferably no modifications of the standardized test method should be made. 

In the Scandinavian product approval, a large variance in Pb release between identical 

samples were found. This is expected to be caused by variations in the smeared surface Pb 

and its solubility. In order to understand this process more thoroughly, optical analysis (for 

example by SEM- EDS analysis) should be performed of the samples, to identify the Pb 

source and to determine the reason to the variance. 

There is also a need to understand the corrosion processes which have occured in the different 

tests, and these could be studied further by optical analyses and by studies of other metals 

released in the tests. Studies of the corrosion processes could help clarifying the relevance of 

the different test methods. 
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