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BRASS FITTINGS – METALLIC COMPOSITION OF FITTINGS 

Executive Summary 

Background  

This Report examines the alloy composition of brass fittings using X-Ray Fluorescence 
Spectroscopy and wet chemistry, it compares the observed chemical compositions with alloys 
from the 4MS Composition List, and compares lead and nickel yields from fittings after 16-
hour stagnations with their alloy compositions. It also covers an exercise to examine leaching 
of other metals of interest from brass fittings.   

Objectives  

Assess the contribution of brass fittings to concentrations of lead and nickel leaching into 
drinking water. 

This report prevents findings of the analysis of the metal composition of the brass fittings used 
in lead and nickel leaching studies.  

Conclusions 

Use of hand held X-Ray Fluorescence spectroscopy 

The hand-held X-Ray Fluorescence (XRF) analyser used in this study was found to be an 
effective non-destructive means for screening the composition of major metallic components 
of brass alloys in plumbing fittings, including chrome plated taps after grinding off the coatings 
to expose the underlying brass alloy. 

Comparison of non-destructive XRF Spectroscopy results with drilled cores from selected 
fittings analysed by ICPMS demonstrated a good agreement correlation for major metal 
components in the brass alloys (lead, copper, zinc and tin), but more variable results were 
found for minor components (nickel, iron) with ICPMS indicating lower % compositions than 
XRF.  

Four Member States (4MS) Composition List  

The most significant element of the 4MS approach to the approval of alloys that is of relevance 
to this study, is that 4MS accepts alloys with lead content between 0.20 and 3.5% in its copper-
zinc-lead alloy (leaded brass) category, and these can be used in the construction of fittings.  
With the exception of the ferrules tested, all of the UK taps and fittings examined in this study 
fell within these criteria.   

For the approval of alloys for use in fittings, the 4MS assumes that fittings contribute no more 
than 10% of the water contact surface area in plumbing systems. This has implications for the 
UK’s drinking water quality regulations that are based on the Random Daytime Sample (RDS) 
of a one-litre draw from the kitchen tap.  This includes the contents of the tap and usually 
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other fittings in the pipeline before it, including a stop tap and in some cases a meter.  
Calculations of surface area for typical brass fitting arrangements in plumbing up to the 
kitchen tap indicate that brass is likely to contribute >10% of the surface area in contact with 
the draw of water necessary to fill a one litre RDS.   

The current 4MS list of accepted alloys is very limited and does not include any alloys with a 
lead content >3.5%. Therefore, at present high lead alloys favoured for some applications, 
such as ferrules, are not included.  

The 4MS Composition List regards metals contributing <0.2% to an alloy composition to be 
impurities.  Thus, the alloys used in some of the US low lead fittings examined in this study 
would not be classified as leaded brasses. 

Composition of alloys used in UK and US low lead brass fittings  

XRF analysis on three types of connectors (straight, elbow and tee) and stop taps found a clear 
difference in lead content between US low lead models, at <0.25% lead, and the UK models, 
which were found to contain between 2.0 and 3.5% lead. Across the range of fittings and taps 
sampled, there was an absence of alloys containing lead between 0.25 and 2.0%, with the 
exception of some water meter samples at just under 2.0%. 

Ferrules stand out from the other UK fittings, with lead compositions between 4.5% and 6.0%, 
higher tin content (between 4.0% and 6.0%) and lower zinc content between (4.8% and 8.5%). 
Their lead content means that they do not comply with any of the alloy Categories presently 
listed in the 4MS Composition List.  

The alloy composition for the brass water meters examined was similar to the 4MS criteria for 
the copper-zinc-lead alloy category.  

A relatively high number of matches were made with the XRF Analyser’s alloy library for brass 
components of taps. The tap alloys closely aligned with the % composition for the 4MS copper-
zinc-lead alloy Category.  Components of several tap models gave ‘best matches’ to grade C 
377 the US equivalent of EN grade CW617N, which is one of the copper-zinc-lead alloys 
accepted on the current 4MS Composition List.  

The samples of the UK fitting models examined were in most cases purchased in two batches 
some four months apart. In some cases, the % composition of lead in the first samples 
obtained differed from those obtained some months later, suggesting that there are 
differences in the alloy composition of different manufacturing batches of the same model. 

A comparison of the lead content of different models of fitting that were made by the same 
manufacturer indicated that some might exercise tighter control over the alloy compositions 
used in their product range than others. 

The US low lead fittings were sourced from two manufacturers and it was found that they had 
different strategies for complying with low lead requirements.  One uses an alloy with a 
relatively high lead content close to the 0.25% limit, whilst the other uses a silicon brass with 
a very low lead content.  
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Comparison of % lead composition of fittings with the yield of lead from stagnation studies. 

A comparison of lead yields derived from 16-hour stagnation studies on new fittings with % 
lead composition of the alloys found generally lower yields from the US low lead models of 
fittings (<0.25% lead) than the UK models (2.0-3.5% lead).   

The ten models of taps examined could be divided into high lead yielding and low lead yielding 
models.  The high yielding taps generally had larger brass spouts and/or bodies than the lower 
yielding models, which tended to have smaller surface areas of brass in contact with the water 
pathway.   

Use of nickel in brass alloys and fittings  

XRF analysis indicated that nickel was present in the alloy compositions of all the brass fittings 
and components examined.   

Chrome finishes are decorative, are tarnish resistant, are tougher than nickel-plated finishes 
and are consequently the most common finish used on taps. Chrome does not plate onto brass 
efficiently and the normal procedure is to plate components with nickel first, before adding a 
‘flash’ of chrome plating.  In the absence of nickel, chromium may peal around the edges of 
apertures.  The plating of external surfaces of brass taps and fittings usually results in some 
‘overspray’ of nickel just within the openings of brass components, i.e. into the water 
pathway.  All models of tap examined were chrome plated.  

Nickel content of fittings 

XRF analysis indicated that the bodies of all the UK fittings components examined contained 
no more than 0.6% nickel; the maximum values found in any sample of straight connector, 
elbow connector, tee connector, stop tap or water meter being 0.5%, 0.56%, 0.6%, 0.58% and 
0.55% respectively. 

The US low lead fittings were all very low in nickel, mostly <0.1% and formed the majority of 
the relatively small number of fittings that contained <0.2% nickel, the criteria for nickel in the 
4MS Composition List copper-zinc-lead alloy category.  

Comparison of % nickel composition in fittings with yield of nickel from stagnation studies. 

A comparison of nickel yields derived from 16-hour stagnation studies on new fittings with % 
nickel composition of the alloys found that low nickel yield was associated with low nickel 
content in the US low lead models of elbow connector and stop taps. Higher yields were 
generally found from the corresponding UK fitting models.   

The ten models of taps were found to comprise of a high nickel-yielding group and a low nickel-
yielding group. Examination of the taps indicated that that the designs of the low yielding 
models resulted in fewer points within the water pathway where there was an opportunity 
for contact with nickel overspray from the chrome plating process. High yielding models had 
a number of locations where nickel overspray from the chrome plating might be in contact 
with water. These were where the cartridges were inserted, where connections are made 
between tails and bodies, where bodies and spouts join and at the end of the spout. 
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Additional metals 

Quantitative analysis of water samples from selected brass fittings that are in use on long-
term test rigs found that fittings leached copper, zinc and manganese. There was little 
evidence of the fittings leaching iron or aluminium and no evidence of chromium leaching.  
Small yields of arsenic and antimony were found in samples from some fittings. Phosphate 
dosing reduces the yield of zinc from fittings, but had little effect on the yield of copper.  

Recommendations 

Hand held XRF Spectroscopy was found to compare favourably with wet chemistry analysis 
for assessing the lead content of brass fittings and other major components of the alloys.  It 
offers a non-destructive means for screening the composition of brass fittings. It is potentially 
a tool that could be used in the investigation of water quality failures, where knowledge of 
metal composition might assist in identifying the cause.  Its use is subject to appropriate risk 
assessment under the Ionising Radiation Regulations. Its practical application for use in field 
or laboratory investigations by water companies remains to be assessed.  

Consideration should be given to whether the 4MS assumption that fittings contribute no 
more than 10% of the contact surface is appropriate in relation to the UK’s use of a one litre 
Random Daytime Samples drawn from the kitchen tap. Fittings appear to represent the 
possibility of >10% of the surface area of plumbing from which the one litre is drawn.   

Benefits 

This study on the contribution of brass fittings to lead and nickel concentrations in drinking 
water at customers’ taps has: 

 Increased our understanding of how brass fittings are contributing to lead and nickel 
concentrations in drinking water; 

 Informed future assessment of the potential risks to lead and nickel compliance from 
brass fittings; and 

 Provided information to better inform and improve the investigations carried out by 
water companies when they investigate failures of lead standards or carry out other 
risk assessments related to lead levels in drinking water. 

For further information please contact UK Water Industry Research Limited, 
8th Floor, 50 Broadway, London, SW1H 0RG quoting the report reference number 


