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Lead and Copper Corrosion Control in New Construction: Shock Chlorination, Flushing 

to Remove Debris & In-line Device Product Testing 

 

Meredith Ann Raetz 

Abstract 

Several aesthetic, health, and plumbing quality issues can arise during new construction or 

renovation of premise plumbing. There has been little research done on many of these concerns 

and therefore few guidelines or regulations are in place to protect the health of the consumer or 

the integrity of the plumbing infrastructure.  This work examines common construction practices 

including: 1) effect of residual construction debris, 2) shock chlorination of new plumbing lines, 

and 3) lead leaching propensity of new brass ball valves. 

 

During installation of plumbing systems, residual chemicals and debris including copper brass 

particles and flux, can be left in plumbing lines following construction and installation. This 

debris is considered undesirable from health, aesthetic, and corrosion perspectives.  Soldering 

flux is of particular concern due to its corrosive nature.  Experiments were conducted to 

determine the effects of residual solder flux, PVC glue, and metallic debris and to quantify 

flushing velocities and durations to effectively remove them from a new plumbing system. A 

flushing velocity of 3 fps for 30 minutes is needed to remove water soluble flux, while petroleum 

based flux still persists after extensive flushing at 7 fps. 

 

Currently a practice known as shock chlorination, whereby super chlorinated water is used for 

disinfection, is used in water mains after installation or repair as specified in the ANSI/AWWA 

C651 Standard.  This practice is now starting to be required by some building codes in premise 

plumbing for new construction.  Water mains are typically made of concrete where as premise 

plumbing using copper or PVC piping.  Copper pipe is susceptible to attack by high chlorine, and 

this reaction will also remove the chlorine residual.  There is concern about potential damage to 

copper from free chlorine and that in some systems targeted residuals of chlorine might not be 

obtained.  Experiments did not detect serious damage to copper pipe, but in some waters it was 

not possible to meet targeted residual levels of chlorine.  The = addition of orthophosphate 

corrosion inhibitor or adjustment of pH can sometimes reduce the chlorine decay rate. 

 

Extremely high and persistent lead leaching in a brand new building at the University of North 

Carolina (UNC) traced to leaded bronze ball valves, prompted an extensive forensic evaluation 

how existing standards (National Sanitation Foundation Section 8) could allow for installation of 

products that could create a human health hazard due to high lead.  Diffusion of lead from within 

the device to water in the pipe, high velocity, microbial activity and other factors caused more 

leaching in practice than would be expected based on NSF testing and normalization factors 

applied to certify a valve as safe.  Moreover, use of flux during soldering of joints, increased lead 

leaching by orders of magnitude relative to results of NSF testing without flux.     
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CHAPTER 1. FLUSHING PROTOCOL FOR SOLDERING FLUX REMOVAL  

 

ABSTRACT 

Residual chemicals or debris left in plumbing lines following construction and installation has 

been considered undesirable from health, aesthetic, and corrosion perspectives.  Currently there 

are no guidelines or regulations for removing these potentially harmful remnants of construction.  

Experiments were conducted to determine the effects of residual solder flux, PVC glue, and 

metallic debris and to quantify flushing velocities and durations to effectively remove them from 

a new plumbing system. In general a flushing velocity of 3 fps for 30 minutes is needed to 

remove water soluble flux, while petroleum based fluxes are still persistent after extensive 

flushing at 7 fps. 

 

INTRODUCTION 

Residual chemicals or debris left in plumbing lines following construction and installation has 

been considered undesirable from health, aesthetic, and corrosion perspectives.  By design, flux 

used for soldering copper pipes is corrosive to copper and brass alloys.  Residual flux is believed 

to initiate and perpetuate certain types of corrosion problems, and in some circumstances the 

high ammonia and organic carbon content of flux could provide the necessary nutrients for 

bacteriological re-growth, especially nitrifying bacteria.  Additionally, primers and glues used to 

assemble CPVC plumbing systems can leach to potable water.   

 

Fluxes are typically subdivided based upon their water solubility. The classic traditional flux was 

a petroleum based material that did not readily dissolve. In recognition of certain perceived 

benefits of removing flux relatively quickly, there is a separate classification of fluxes that are 

more water soluble. In fact, there is an ASTM standard, B813, and in order for a flux to be 

compliant, it must be water flushable after soldering, considered non-corrosive, and contain less 

than 0.2% lead (ASTM 2000). While the copper industry recommends using ASTM B813 

compliant fluxes for potable water systems, many plumbers still use a traditional flux or one that 

is water soluble but non-B813 compliant (CDA 2006). 

 

Given the potential problems with flux or PVC glues remaining in potable drinking water pipes, 

flushing is a common practice, yet there is no standard protocol that has been adopted to ensure 

adequate removal of these constituents that also minimizes water usage.  This work evaluated 

different flushing procedures to remove a variety of fluxes, debris, or glues from newly 

constructed or renovated premise plumbing systems.  This research considered both types of 

fluxes that are readily available at any plumbing or hardware store:  a traditional petroleum based 

flux, and also flux that meets the ASTM B813 standard.  There was also an emphasis to consider 

water conservation and erosion corrosion issues.  For example, an excessively high velocity 
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might cause physical damage to copper, and prolonged flushing may not be acceptable in some 

areas with water restrictions.    

 

MATERIALS AND METHODS 

Initial Flux Screening 

A variety of fluxes were purchased from local hardware and plumbing stores and were then 

initially subjected to a detailed evaluative screening by immersing 2 grams of flux in 100 mL of 

distilled water. In attempt to maximize flux dissolution, these solutions were heated on a hot 

plate for approximately 3 hours with periodic hand shaking. As expected, some of the traditional 

fluxes did not completely dissolve. A 30 mL sample was taken and filtered using a .45µm filter.  

A 1 mL filtered sample was used for an ammonia test a HACH spectrophotometer.  Filtered 

samples were also measured for total organic carbon (TOC) using a Sievers 800 Portable TOC 

Analyzer and metals concentrations using a Thermo Electron X-Series inductively coupled 

plasma with mass spectrometer (ICP-MS). While this method obviously did not completely 

characterize the speciation of the fluxes especially in the case of the more traditional fluxes, this 

screening helped provide relative differences between each type of flux for this study (Appendix 

Table A1). 

 

Based upon this screening, three representative fluxes were selected for this study:  a B813 

compliant flux with relatively higher ammonia content, a B813 compliant flux with relatively 

lower ammonia content, and a traditional non-compliant (B813) petroleum flux (Appendix Table 

A1).  Selection of these three fluxes was also influenced by a follow-up study which would 

evaluate the propensity for nitrifying bacteria to proliferate in relation to the type and amount of 

flux within a copper pipe.  Specifically, flushed pipe specimens from this study were to be used 

in the subsequent nitrification study.   

 

In order to better simulate a real potable water system, actual copper joints were soldered using 

an excessive amount of flux.  Three solder units were assembled into a small pipe system which 

consisted of two soldered bends and one soldered straight coupling with 3‖ of copper pipe on 

each side of the soldered joint (Appendix Figure A1).  Flux was liberally applied for the initial 

soldering process and since much of the flux naturally vaporized by the external heat, extra flux 

was added afterwards so that the starting mass of flux was approximately 2 g per unit to 

represent a plumbing scenario with excessive quantities of flux.  Any additional flux was slightly 

heated so that it would pool similar to a real soldering job.  Through a mass balance of the 

3‖copper pieces, the joint, and the solder used, the initial mass of the flux in each unit was 

known.  Each type of flux was tested in triplicate, where each individual test incorporated these 

three soldered joints.   
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The pipe system was arranged in a sideways ‗U‘ shape (Figure 1.1).  Water supplied by a 

connection to a laboratory faucet entered at the bottom and then flowed past one horizontal 

soldered coupling followed by two vertical/horizontal 90° bends.  An inline flow meter was used 

to set the fluid velocity.  Due to the differences in flux characteristics, flushing was conducted 

over varying durations and at two different flow rates, 3 fps and 7 fps.  Since the local hydraulic 

water supply could not produce the higher flow velocity, an external pump connected to a 55 

gallon reservoir was used for some experiments.  A valve positioned at the end of the pipe loop 

was partially closed in order to obtain the desired fluid velocity. 

   

 

Figure 1.1. Experimental Flux Flushing Apparatus Consisting of Real Soldered Joints. 

 

Water samples were collected directly before entering the pipe system and again immediately 

after exiting the system.  Water quality was tracked to determine whether the flux significantly 

altered water quality and to potentially assess flux removal from the system.  Water quality 

measurements included pH, ammonia with a spectrophotometer, and metals via an ICP-MS.  At 

the end of each trial, weights of each unit and the adjacent pipes were measured after they were 

allowed to air dry. 

  

An additional set of flushing experiments were conducted with intermittent stagnation between 

water flushes.  The same apparatus was used except with a modification to isolate the stagnate 

water surrounding the soldered joints.  Two sets of ball valves were installed before the elbow 

Bend 1 

Bend 2 

Coupling 

1 

Flow 

Meter 
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bends so that water could be collected directly from the system (Figure 1.2).  The flushing was 

conducted over the course of a week. Water would sit stagnant for 24 hours then flushed for 

either 1 minute or 5 minutes at 3 fps.  Effluent water samples were collected during the flushing 

and then from the localized sampling ports after sitting stagnant for 24 hours.  After the 24 hour 

stagnation, the system was again flushed.  This was repeated for 7 days.  All samples were 

analyzed for pH, ammonia, total organic carbon (TOC), turbidity and metals concentrations. 

 

 

Figure 1.2. Stagnation Rig with Isolating Valves 

 

RESULTS 

After detailing some preliminary flux observations, the results of the flushing experiments are 

presented.  A short discussion follows thereafter. 

 

Initial Flux Observations and Selection  

At the start of this phase of work, a variety of fluxes were purchased from local plumbing and 

hardware stores and subjected to an initial evaluative screening.  The active ingredients were 

rarely listed on the packages.  Both B813 compliant and the more traditional fluxes were readily 

available at the local stores.  The visual composition of each flux was unique. 

   

Many of the insoluble and non-compliant (B813) fluxes did not completely dissolve during this 

screening exercise, so this data does not exactly characterize the composition of the fluxes 

(Appendix Table A1).  Most notably, the traditional petroleum based flux (Flux 3) had very little 

measured TOC.  Given that, the comparisons are still considered useful on a relative basis.  All 

of the fluxes were abundant in zinc chloride (ZnCl2), and many were also ammonia based.  The 
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most surprising finding was the variation of lead (Pb) measured in the waters after immersing the 

flux.   The highest lead level was with Flux 3, which is the traditional flux that did not dissolve 

during the screening process, such that even more lead possibly could have still been bound 

within the insoluble mass. 

   

Soldering was conducted at least one day prior to being flushed with water, and after soldering, 

the flux readily pooled within the bend or as a layer spread along the bottom of the straight 

coupling.  After sitting overnight and without being further exposed to water, each flux affected 

the copper, with some samples exhibiting distinctively green and blue discolorations indicative 

of at least some corrosion activity (Figure 1.3).  Surprisingly, there were more color variations 

resulting from the two B813 approved fluxes than the petroleum based flux, which had almost no 

change within the short period of time between soldering and the flushing experiments.  While 

the corrosivity of the fluxes was not extensively evaluated, these observations could be indicative 

of the corrosive nature of flux and some of the potential problems when flux remains for 

extended periods within joints. 
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Figure 1.3. Flux Applied to Pipe and Allowed to sit for 24 Hours 

 

Flushing to Remove Fluxes 

Given the inherent variation expected with soldering and the heterogeneous nature of fluxes in 

general, each flux was tested in triplicate. Consistently, the two B813 compliant fluxes were 

easily removed relatively quickly at the lower fluid velocity, while the traditional flux had the 

tendency to remain within the soldered joints.  For example, immediately after initiating fluid 

flow at 3 fps, chunks of Flux 1 (B813 compliant) were easily seen and captured in the effluent 

which continued over the course of flushing (Figure 1.4).     
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Figure 1.4.  Flux Debris Captured in the Fluid Effluent Immediately after Starting the 

Flush (Left) and after 10 minutes of Flushing (Right) 

  

Water quality measurements seem to reflect these observations (Figure 1.5 and Figure 1.6).  

Specifically, ammonia was flushed nearly immediately from the pipe systems containing the 

B813 compliant fluxes, and as expected, more ammonia was observed leaving the pipe system 

containing the flux with the higher ammonia content.  The ammonia content was as high as 700 

mg/L in one experiment (Flux 1).  There was no measurable ammonia increase in either of the 

B813 compliant fluxes after 15 minutes of flushing at 3 fps, suggesting that most of the flux had 

been flushed from the system (Figure 1.5).  Conversely changes in solution pH caused by the 

fluxes followed essentially the opposite pattern, where pH decreased as it flowed through the 

system (Figure 1.6).  Likewise, these fluxes leached specific constituents to the water, which 

were identified in samples collected immediately after commencing flushing but essentially 

disappeared within minutes of flushing (Appendix Table A2). 

 

Visual and mass measurements (Figure 1.7) confirmed that the B813 compliant fluxes had been 

effectively removed after 30 minutes of flushing at 3 fps.  It is possible that normal debris or 

some loosely adhered solder was lost during the flushing causing the apparent scatter in final 

mass measurements.  In one such case the unit lost more flux mass than what was initially 

present in the joint (negative percent remaining for Flux 2 in Figure 1.7).   While there was some 

scatter in the mass measurements, there was no visual evidence of Flux 2 remaining in any of the 

soldered joints (Figure 1.8), indicating that flushing at 3 fps for 30 minutes apparently 

completely removed Flux 2 from the system.  Likewise, following the same protocol, Flux 1 was 

fully swept from the straight joints, but some of it remained within the bends.  Additional 

flushing for a total of 120 minutes proved sufficient for removing Flux 1 from all of the 

joints/bends. 
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Figure 1.5.  Measured Ammonia Leaving the Experimental Pipe Loop during Flushing.  

Error bars represent 95% Confidence. 

 

 

Figure 1.6.  Changes in pH during Flushing.  (Error bars represent 95% Confidence.) 
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Figure 1.7. Percent Flux Remaining in Each Joint after Flushing. 

Error bars represent 95% Confidence.  Note:  In a future report visual observations will be the 

primary measure of flux removal, due to possible complications from solder and copper 

corrosion in weight loss.  However, the above shows the key trends. 

 

 
Figure 1.8.  B813 Water Soluble Flux (Flux 2 – Low Ammonia Flux) Completely Removed 

from the Bend after 15 min. of 3 fps Flushing. 

 

Flux Pooled 

in Bend 

Clean Pipe 
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Flux 
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In contrast, the traditional petroleum based flux was relatively insoluble and tended to remain 

within the joints even after extensive flushing.  For example, an average of 80% of this flux 

remained in each of the soldered joints even after flushing for 20 hours at 3 fps.  The flux 

visually looked similar after 3 fps for 20 hours as it did before flushing.  It was evident that this 

velocity was not sufficient to remove this flux.  Further flushing of the same joints at 7 fps flow 

for 6 more hours only removed approximately 50% (cumulative) of flux from the joints.  At this 

higher velocity, indentations became visible in the flux pools and were especially apparent in the 

bends (Figure 1.9).  Water quality measurements basically support these physical observations 

(Figure 1.5 and Figure 1.6).  

   

There was one very unique observation with the traditional flux.  In one of the triplicate flushes, 

the flux within the coupling had peeled up and had become lodged in the pipe as a curled shape 

(Figure 1.10).  This flux was only able to be removed by flushing at 7 fps, where it was removed 

in less than 15 minutes.  While this result was promising, it only occurred in one of the 3 joints 

during one of the triplicate flushes (one in nine joints total).  There was no apparent difference 

between this joint at the start of the experiment versus the other soldered and tested joints.  

Therefore, under some circumstances flushing could possibly remove the traditional petroleum 

insoluble flux by physical processes only, but in many scenarios, this type of flux is expected to 

remain within the system for a very long period of time.   

 

 
Figure 1.9.  Effect of Flow on a Non-Compliant B813 Insoluble Petroleum Flux (Flux 3 – 

Traditional Petroleum Flux), which Persisted in the Joints even after Extended Flushing at 

a High Velocity of 7 fps.  
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Figure 1.10. Traditional Insoluble Flux (Flux 3) - Curled Flux within the Coupling after 

Flushing. 

 

Stagnation 

Given that continuous repeated flushing failed to adequately remove the traditional flux from the 

piping system, alternating flushing with long periods of stagnation was considered in additional 

tests.  The motivation was to consider another method that might remove the traditional 

petroleum based flux but with the added benefit of water conservation.  The pipe system was 

flushed for either 1 or 5 minutes daily for a complete week.  

Consistent with previous experiments (Figure 6), the non-compliant B813 (non-water soluble) 

traditional flux persisted within the pipe loop after a full week of alternating stagnation and 

flushing (Figure 1.11).  Consequently, this particular flux is expected to remain within a soldered 

joint for an extended period of time.  Sampling at the joint after 24 hours of stagnation found 

fundamental changes in water quality that could in turn create unfavorable system conditions.  

Problems that could potentially manifest by having this flux remain on the pipe include a much 

lower localized pH (Figure 1.12).  Additionally, this flux could be a reservoir for microbiological 

nutrients, ammonia (Figure 1.13) and TOC (Figure 1.14).  Additional tests would need to 

confirm this. 

 

Petroleum Flux Curl 

within Joint 
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Figure 1.11. Amount of Flux Remaining after Extended, Alternating Stagnation and 

Flushing of a System with a Traditional Non-Compliant B-813 Flux  
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Figure 1.12. Change in pH after Stagnation 

 

 

Figure 1.13. Change in Ammonia after Stagnation 
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Figure 1.14. Change in TOC after Stagnation 

 

CPVC Flushing 

Installation of CPVC potable water pipes involves using a primer and glue to adhere pipes and 

joints, both of which can potentially leach a variety of chemicals (methyl ethyl ketone, 

tetrhydrofuran, PVC resin cyclohexanone, acetone, etc.) that could contribute to tastes, odors, 

and possibly microbial re-growth.  Flushing experiments were conducted using a CPVC pipe 

loop and three primered/glued CPVC joints similar to the tests with flux.  Flushing was 

conducted at 3 fps and effluent water samples were collected at pre-determined time intervals. 

Given the inherent composition of the leached entities, samples were initially analyzed via 

conventional total organic carbon (TOC) methodology.  Consistently and regardless of the length 

flushing, there was always no measurable difference between the influent (tap water) TOC and 

samples exiting the pipe loop.  After a series of diagnostic tests, it was determined that readily 

available conventional analytical instrumentation was not sufficient for tracking the leached 

constituents. Therefore, rather than developing a specific protocol that might work for only one 

particular glue, a sensory panel was used as an alternative to instrumentation similar to those 

often setup by water utilities.   
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A trained odor profile analyst participated in a forced choice triangle test using samples flushed 

from a recently plumbed CPVC line.  This method compels the panelist to select the unique 

sample among three choices.  In this case the panelist had to make the distinction between 

regular tap water and tap water that had run through the CPVC system, and the panelist was 

directed to determine which of the three water samples had a different odor.  Water was collected 

at 0, 0.5, 3, 5, 15 minutes in an attempt to determine if any odors associated with priming and 

gluing the CPVC could be detected in a real (chlorinated) water system.  All water was collected 

in 150 mL Erlenmeyer flasks and covered with parafilm.  The flasks were gently swirled first to 

help convey odors into the headspace.  Three separate trials were conducted. 

 

The odor profile panelist was statistically unable to detect a difference between regular tap water 

and water run through the CPVC system.  The length of time the effluent was collected did not 

make a difference in the panelist‘s ability to detect a difference in the waters.  The trained odor 

panelist indicated that there was no discernable difference between the water samples.  After 

instrumentation and sensory methods failed to detect a difference in water exposed to newly 

glued CPVC pipe, it was concluded that CPVC does not pose a taste or odor problem. 

 

Metallic Debris Flushing 

Metallic debris such as brass and copper can be introduced into plumbing lines during the 

construction process, particularly as the ends of the copper tube are smoothed or sanded.  Debris 

remaining within a plumbing line is undesirable, and in the case where chunks of brass become 

trapped on faucet aerator screens, potentially contributing to lead leaching to potable water.  A 

subset of flushing experiments evaluated fluid velocities to remove metallic debris from newly 

constructed or renovated premise plumbing systems. 

 

Copper debris was first created from an actual de-burring process, which produced representative 

size and shape copper particles from a copper pipe.  These particles were then rinsed through a 

No. 140 sieve to remove very small fines.  Glass pipes were used as the plumbing material to 

allow complete visibility of the flow pattern of the debris.  The pipe system was arranged in the 

same sideways ‗U‘ shape as per the previous flushing experiments (i.e. Figure 1), and the same 

laboratory water supply was used with a an effluent ball valve to control the fluid velocity.  Two 

grams of copper particles were placed in the system immediately preceding the first horizontal 

flat bend, such that the particles had to then flow vertical in order to be removed from the system 

(i.e. Figure 15, Left). The particles were captured on a screen in order to determine the 

percentage of particles flushed.  Additionally, experiments were videotaped for later visual 

inspection. 
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Figure 1.15.  Metallic Debris in Pipe Before Flushing (Left) and Examples of Shielding 

after a Joint (Right). 

 

Surprisingly, the average mass recovery of the metallic debris was about 90% due to the fact that 

the debris would get physically lodged and stuck within particular joints of the glass tubes.  

Specifically, teflon tape was used to temporarily secure the glass joints, and some of the particles 

would become lodged within the teflon sealed joint.  This reduced removal efficiency is an 

artifact of the experimental design and would not necessarily be reflective of a real soldered 

joint.  Certain non-water soluble fluxes or crevices would be expected to capture debris as 

observed here.   

 

From visual inspection, all of the debris was removed using a fluid velocity of 4.2 fps within 3-5 

seconds in this experimental apparatus.  Additional trials found that the ability to remove this 

debris was related to the acceleration of the flowing water.  At high acceleration (opening the 

faucet valve quickly), the metallic debris was removed at velocities as low as 1.6 fps.  Yet, when 

the fluid flow was slowly adjusted upward, the metallic debris often was not removed until 

velocities between 3.0 - 3.6 fps.   For the lower fluid acceleration, there was less turbulence to 

collect the debris as some of it would apparently become protected from flow at the joint (Figure 

1.15, Right) as would be present in a real soldered joint.  Consequently, a certain amount of 

turbulence is needed to effectively entrain metallic debris and remove it from the system.  Once 

entrained, the debris usually was swept out of the system quickly. 

 

Metallic 

Debris 

Metallic 

Debris 



17 

 

DISCUSSION 

Even with the best of efforts to mimic the excess flux observed in practice under realistic 

scenarios, it was not possible to duplicate the flux levels observed in some field installations in 

our laboratory set-up.  Our conclusion is that the quality of craftsmanship must be exceptionally 

poor to get very excessive levels of flux in a copper tube, even though we have seen it first hand 

in many cases.  

 

The importance of flushing is made clear in this work.  While this study did not evaluate the 

corrosivity resulting from the flux, each flux visually demonstrated a markedly different level of 

attack to the underlying copper surface (i.e. Figure 1.2).  The most visually aggressive fluxes 

were actually the B813 compliant fluxes, and throughout testing (even sitting extended periods 

of time afterwards), the traditional flux consistently seemed rather benign to the copper.  The 

long-term problems potentially associated with flux remaining within the copper includes lower 

localized pH‘s or higher localized ammonia levels, both of which could be corrosive to copper, 

sources for microbiological nutrients ammonia and TOC, or even a protective material for which 

bacteria could reside underneath and shielded from conventional disinfectants.    

 

Of the different parameters tested, only ammonia measurements seemed a viable option for 

tracking the flux removal in a real building, at least for the two B813 compliant fluxes tested 

here.  Subsequent ammonia measurements in the flushed waters were influenced by the initial 

ammonia content of the flux, as evident in these measurements where Flux 1 (higher ammonia 

level (Appendix Table A1)) produced higher ammonia levels in the effluent (Figure 1.4).  

Therefore, difficulties would be expected in tracking flux with a low ammonia content.   

 

In general, the traditional flux could not be flushed from the system. These findings are 

consistent with field observations where the traditional flux has been found to remain on pipe 

surfaces even after extended flushing (Figure 1.10) and years of use (Figure 1.11).  Except for 

metallic debris getting physically lodged in the gaps of some joints, this debris was easily 

removed at between 3.0-3.6 fps.  Lower fluid velocities were also successful at removing debris 

when the acceleration of the water through the system was higher. 

 

CONCLUSIONS 

 

 Water soluble fluxes tested in this study visually appeared to be more corrosive than 

petroleum based flux.   

 Flushing at 3 fps between 30 – 120 min. completely removed any visual evidence of 

the B813 compliant fluxes. 

 Traditional flux persisted within the joints, even after flushing at 7 fps and alternating 

with extended periods of stagnation. 
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 Newly constructed CPVC pipe rigs were not found to produce any definitively 

detectable odor problems.   

 Metallic debris can be removed at velocities of 3.0 - 3.6 fps. 
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CHAPTER 2. EFFECT OF WATER CHEMISTRY AND PIPE MATERIAL ON 

RESIDUAL CHLORINE LEVELS FLOLLOWING SHOCK CHLORINATION  

 

ABSTRACT 

Shock chlorination is a practice used to disinfect water mains after installation or repair.  This 

procedure is guided by the ANSI/AWWA C651 Standard which specifies methods of 

disinfection. All methods include exposing the pipe to very high levels of chlorine, up to 300 

mg/L. This practice is now starting to be required by building codes for new construction.  

Experiments were conducted to examine the effect of high levels of chlorine on premise 

plumbing pipe materials. The corrosively of the water can influence whether required chlorine 

residuals can be maintained over the specified time. Experiments were conducted to evaluate 

water chemistry parameters that impact the rate of chlorine decay. Copper was found to exert a 

much higher chlorine demand than plastics. The addition of orthophosphate corrosion inhibitor 

can, depending on the water chemistry, reduce the chlorine decay rate. 

 

INTRODUCTION 

Shock chlorination is the process of adding a large amount of chlorine to a water distribution 

system in order to destroy any microbial contamination that may be present and is required for 

new or repaired water mains. Specific protocols can vary slightly but the ANSI/AWWA C651 

Standard is typically accepted. All of the major plumbing codes specify that some type of shock 

chlorination be administered to new or repaired potable water systems and many jurisdictions 

apply these codes to new building construction (SBCCI 1988, BOCA 1993, International 

Association of Plumbing and Mechanical Officials 1997, International Code Council 2000). 

However, little research has been conducted to determine the effect of these high chlorine levels 

on newly installed copper premise plumbing. 

 

The ANSI/AWWA C651 standard describes three valid approaches for disinfection of water 

mains. The Tablet Method can be used if the pipe and appurtenances are kept clean and dry 

during construction. Initially 25 mg/L chlorine is targeted and held for 24 hours. An unspecified 

residual chlorine concentration must be detectable at each sampling point after 24 hours. The 

Continuous Feed Method requires that the main is first flushed using at least 2.5 fps to remove 

air pockets and particulates. The target for initial free chlorine is at least 25 mg/L. Water is held 

in the pipe for 24 hours and the residual chlorine must be at least 10 mg/L (therefore a 60% 

decay in chlorine is allowed). The Slug Method calls for a slug dose of free chlorine to flow 

slowly through the main. The target for initial free chlorine is 100 mg/L. After a 3 hour contact 

time the residual chlorine must not drop below 50 mg/L (therefore a 50% decay in chlorine is 

allowed with this method). An extreme version of the Slug Method is used for main breaks 

where the slug dose is increased to as much as 300 mg/L and the contact time is reduced to as 

little as 15 minutes (AWWA/ANSI 1999). 
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In some cities attempting to apply this standard to chlorination of copper pipe in new 

construction, it is very difficult or nearly impossible to pass the necessary standard for residual 

chlorine. As a result, copper pipe can ―fail‖ to meet commissioning standards. The city of 

Brantford in Ontario Canada has adopted a sterilization standard that specifies the initial chlorine 

to be between 100 and 150 mg/L. After 24 hours the residual chlorine level must not drop by 

more than 30% of the initial concentration (Ontario Ministry of the Environment 2006). As a 

result the city has had difficulty in having copper mains meet shock chlorination standards. 

 

Shock Chlorination of Plastic Pipe 

Degradation of new polyethylene and PEX pipe during shock chlorination has been recently 

investigated by Whelton and coworkers (Whelton and Dietrich 2008; Whelton, Dietrich, and 

Gallagher [N.d.]; Whelton 2009). This brief summary of their work highlights some of their 

findings as they pertain to shock chlorination of premise plumbing in new construction.  

 

Commercially available high-density polyethylene (HDPE) was exposed to free chlorine in 

slightly buffered water for repeated 72 hour intervals. The authors exposed HDPE pipes to 0, 45, 

250 mg/L as Cl2 at 23, 37, and 70°C. Infrared spectroscopy analysis of HDPE pipe surfaces 

revealed that HDPE surface chemistry was unchanged after 72 hour exposure shock chlorination 

of 45 or 250 mg/L as Cl2 at either 23 or 37°C. Analysis of pipe antioxidant content by 

differential scanning calorimetry also revealed these shock chlorination conditions did not reduce 

the pipe‘s ability to resist oxidation (antioxidant content). However, increased temperature 

(70°C) and repeated shock chlorination cycles caused an increase in carbonyl bonds on the pipe 

surface and a reduction in pipe antioxidant content. After 10 shock chlorination cycles of 45 

mg/L as Cl2 at 23°C, HDPE pipe oxidation and antioxidant reduction were significant. 

 

Two commercially available PEX pipes (Type A and Type B) were also examined by Whelton 

and coworkers. PEX pipes were shock chlorinated with slightly buffered water (45 mg/L as Cl2 

at 37°C) for 72 hour intervals. PEX results were similar to HDPE results where 72 hour exposure 

did not cause detectable changes to pipe surface chemistry or resistance to oxidation. It can be 

expected that at these same chlorine and exposure time conditions, shock chlorination at 23°C 

would also not cause detectable surface or bulk pipe changes. Prolonged exposure to shock 

chlorination water at 37°C resulted in surface oxidation for PEX-B pipe, but not PEX-A pipe. 

The antioxidant level of both PEX pipes decreased as chlorination at 45 mg/L as Cl2 and 37°C 

was continued.  

 

Results of Whelton and coworkers imply one time shock chlorination of new plastic pipe at 200 

mg/L as Cl2 for 3 hours or 50 mg/L as Cl2 for 24 hours (the two most commonly used shock 

chlorination criteria described by various plumbing codes) likely does not damage plastic pipe. 
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However, when shock chlorination is repeated, prolonged, or at high temperatures deterioration 

of pipe chemical and physical properties can occur. 

 

Objective of Study 

Water chemistry is known to have a profound effect on the ability of water to maintain a chlorine 

residual in copper pipe (Powers 2000). Parameters such as pH, alkalinity, temperature and the 

presence of corrosion inhibitors are especially important, as these constituents can form a barrier 

between the copper pipe wall and the solution or otherwise inhibit the reaction between copper 

and chlorine. The objective of this study was to examine the role of pH and inhibitors on the 

ability to maintain chlorine residual in copper pipe. 

 

MATERIALS AND METHODS 

Four chlorine/orthophosphate concentration combinations were tested as part of this study. These 

included two levels of chlorine (200 mg/L and 50 mg/L) with no phosphate corrosion inhibitor 

and the same two levels of chlorine with the addition of 1 mg/L (as P) orthophosphate. All tests 

were conducted at pH 6, 7, 8, 9, 10 making a total of 20 conditions. Test water as described by 

Marshall (2004) was formulated per the recipe in Table 2.1. Alkalinity was kept constant at 35 

mg/L as CaCO3. Phosphate was chosen for this study because it is a common corrosion inhibitor 

used at more than 50% of U.S. potable water utilities (McNeill and Edwards 2002). 

 

For this study, ¾‖-type M copper pipe was cut into 2‘ long sections. New pipes were used for all 

conditions. The water was prepared in accordance with each condition described above and 

poured into the copper pipes. Silicone stoppers were used to contain the water and the pipes were 

laid flat. The water remained in the pipes for a total of 24 hours. During the 24 hour stagnation 

period pH, free chlorine and, if applicable, phosphate measurements were taken at 3, 12 and 24 

hours. Copper concentrations were measured after the full 24 hours. 

 

Although copper is the most common plumbing material, plastic alternatives are becoming more 

popular. So in addition to copper, CPVC, PEX, and glass (as a control) pipes were also tested. 

Brass pipes were also tested. For these materials only two water conditions were studied, 50 and 

200 mg/L chlorine without orthophosphate. Chlorine was measured at 2, 6 and 24 hours and tests 

were performed in triplicate. 

 

All pipes were ¾‖ diameter except brass, where only a ½‖ diameter pipe could be attained. Since 

using a smaller diameter pipe changes the surface area to volume ratio, a ½‖ copper pipe was 

also tested for comparison. 
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Chlorine was measured using a Hach pocket colorimeter. Copper and phosphorus concentrations 

were measured using a Thermo Electron X-Series Inductively Coupled Plasma Mass 

Spectrometer (ICP-MS). 

 

Table 2.1. Marshall Test Water Recipe. 

Chemical 

Final 

Concentration 

(mg/L) 

Amount to 

Add to 1 L (g) 

CaCl2*2H20 41 0.0413 

CaSO4*2H20 25 0.0250 

NaHCO3 35 0.0525 

 

In a second phase of work, water and harvested pipes from the City of Brantford water 

distribution system were used. The Brantford water was analyzed using ICP-MS and was found 

to have considerable hardness with high levels of magnesium and calcium, 23 mg/L and 73.2 

mg/L respectively. It also had a relatively high alkalinity of about 123 mg/L as CaCO3. In 

comparison the ‗Marshall‘ test water contained only calcium hardness (17 mg/L as Ca) and a 

relatively low alkalinity of 35 mg/L as CaCO3. 

 

Three different types of 2‖ copper pipe were tested: new pipe from Brantford, harvested pipe 

from Brantford that was put in the ground and later dug up because it could not pass the chlorine 

residual test, and new high quality copper pipe purchased by our lab from a local hardware store. 

In addition to the 2‖ pipe, other pipe diameters of ½‖, ¾‖, 1‖ copper pipe and ¾‖ glass pipe 

(used as a control) were tested. 

 

Additional shock chlorination experiments were conducted using 8 inch sections of small 

diameter type M copper pipe. New pipes were used for all conditions, except when the harvested 

Brantford pipe was employed. The water was prepared as described above (Table 2.1) and 150 

mg/L free chlorine was added as sodium hypochlorite. The water was poured into the copper 

pipes and silicone stoppers were used to contain the water. The water remained in the pipes for a 

total of 24 hours. During the 24 hour stagnation pH, free chlorine and, if applicable, phosphate 

measurements were taken at 3, 6 and 24 hours. All tests were conducted in triplicate. 

 

RESULTS AND DISCUSSION 

Results are divided into three sections. First, the effect of pipe material on chlorine decay will be 

examined. Second, the effect of pH and orthophosphate will be considered. Finally, the effect of 

pipe diameter or surface area to volume ratio will be discussed. 
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Effect of Pipe Material on Chlorine Residual 

 

Comparison of new and harvested copper pipe 

 

First, copper pipes purchased by our lab were compared to pipe supplied by Brantford to 

evaluate any differences in their ability to sustain a chlorine residual. Additionally, they were 

analyzed by X-ray fluorescence (XRF) and no differences were found. Each of the 3 types of 

pipe (new pipe purchased by our lab, new pipe from Brantford, and harvested pipe from 

Brantford) was filled with water supplied by Brantford and containing 150 mg/L Cl2 and allowed 

to sit stagnant for 24 hours. Interestingly the new copper pipe purchased by our lab initially lost 

chlorine residual much quicker than the harvested Brantford pipes, but after 24 hours they had 

the highest chlorine residual remaining. Although our new copper pipe performed the best, it 

would not have passed the Brantford standard of no more than a 30% drop of initial chlorine 

concentration (Figure 2.1). The new 2‖ pipe purchased by our lab did not have a statistically 

different 24 hour chlorine residual than the Brantford harvested 2‖ pipe. The chlorine residual 

might be higher for the new 2‖ pipe purchased by our lab than the new 2‖ pipe supplied by 

Brantford because our laboratory pipe appeared much cleaner than the Brantford pipe. The 

surface debris and imperfections would most likely add to the chlorine demand. 

 

 
Figure 2.1. Residual free chlorine after 150 mg/L Cl2 shock chlorination using Brantford 

water. (Error bars represent 95% confidence intervals) 
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The material type had a significant effect on the chlorine decay using the ‗Marshall‘ test water 

with pH 8 (Figure 2.2). Chlorine in glass and CPVC pipe decreased slightly over 24 hours. Water 

in PEX pipe lost about 20% of the initial chlorine by the end of 24 hours, though most decay 

occurred in the first 6 hours. Water in brass pipes lost chlorine residual almost linearly with 28 

mg/L Cl2 remaining after 24 hours. Water in the ½‖ copper pipe exhibited the fastest chlorine 

decay, decreasing to zero after 6 hours. Water in the ¾‖ copper pipe also lost chlorine but not as 

dramatically as in the ½‖ copper pipe. The chlorine decay trends for 50 mg/L free chlorine shock 

chlorination follows the same pattern as in the case of 200 mg/L free chlorine 

(Figure 2.3). 

 

 
Figure 2.2.  Residual free chlorine after 200 mg/L Cl2 shock chlorination for various pipe 

materials. (Error bars represent 95% confidence intervals) 
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Figure 2.3.  Residual free chlorine after 50 mg/L Cl2 shock chlorination for various pipe 

materials. (Error bars represent 95% confidence intervals) 

 

Effect of Water Chemistry on Chlorine Residual 

50 mg/L Free Cl2 without Phosphate Corrosion Inhibitor 

Regardless of pH tested, after 12 hours chlorine concentration decreased by more than 80%. 

Water at the lowest pH levels of 6 and 7 lost chlorine residual fastest, while water at pH 8 held 

the largest residual after 3 hours. Water at the higher pH levels of 9 and 10 held chlorine residual 

the longest (Figure 2.4). 
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Figure 2.4. Residual free chlorine after 50 mg/L Cl2 shock chlorination (no phosphate 

inhibitor). 

 

50 mg/L Free Cl2 with Phosphate Corrosion Inhibitor 

The addition of 1 mg/L orthophosphate (as P) had a significant effect on the waters ability to 

retain chlorine residual. The trends of the various pH levels were much more defined. Again, 

lower pH water lost chlorine the fastest and the higher pH waters performed the best (Figure 

2.5). In this test, chlorine residuals in high pH water with orthophosphate addition did not drop 

more than 30% and this water could have passed the Brantford disinfection criteria. 
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Figure 2.5. Residual free chlorine after 50 mg/L Cl2 shock chlorination (with addition of 1 

mg/L as P orthophosphate inhibitor). 

 

200 mg/L Free Chlorine without Phosphate Corrosion Inhibitor 

Similar to the 50 mg/L chlorine results, chlorine residuals fell by more than 30% after 12 hours 

in all conditions when 200 mg/L chlorine was added ( 

Figure 2.6). The pH 7 condition performed the best, with only about 50% chlorine decay over 24 

hours. This is in contrast to the 50 mg/L chlorine test where higher pH waters held their chlorine 

residual longer than lower pH conditions (Figure 2.4).  
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Figure 2.6.  Residual free chlorine after 200 mg/L Cl2 shock chlorination (no phosphate 

inhibitor). 

 

200 mg/L Free Chlorine with Phosphate Corrosion Inhibitor 

As in the case with 50 mg/L chlorine, the addition of orthophosphate had a significant effect on 

the chlorine residual when 200 mg/L chlorine was dosed (Figure 2.7). At pH 9 and10 with 1 

mg/L orthophosphate, less than a 30% drop in residual occurred. However, at all other conditions 

the drop in chlorine residual exceeded 30%. The percentage loss in chlorine in this case, 

however, was much less than with 50 mg/L chlorine. For example at pH 7 over 90% of the 

chlorine disappeared when 50 mg/L was added, but only 75% disappeared when 200 mg/L 

chlorine was added. 
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Figure 2.7. Residual free chlorine after 200 mg/L Cl2 shock chlorination (with addition of 1 

mg/L as P orthophosphate inhibitor). 

 

Additional trials were conducted at pH 9, and results from these tests clearly demonstrate the 

advantage of using phosphate inhibitor (Figure 2.8). Both pH 9 tests in which 1 mg/L 

orthophosphate was added met the Brantford disinfection criteria, whereas both tests failed 

without the addition of orthophosphate. 

 

Significant levels of copper were released when 200 mg/L Cl2 was dosed with no orthophosphate 

corrosion inhibitor (Figure 2.9). The addition of the phosphate dramatically reduced the copper 

release. The pH of the water was also a significant factor in copper release since considerably 

more copper leached at lower pH levels. 
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Figure 2.8. Two additional trials with 200 mg/L shock chlorination at pH 9. 

 

 
Figure 2.9. Copper release at different pH levels after 24 hours. 
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Photographs were taken of water poured from the pipes at the completion of each test with 200 

mg/L chlorine (i.e., after 24 hours stagnation). It is visually apparent that pH and the addition of 

orthophosphate have a significant effect on the corrosion by-products released from the copper 

pipe (Figure 2.10). The conditions with no inhibitor were basically black at pH 9 and 10, while 

conditions with inhibitor had clear water emerging from the pipes at all pH levels tested Figure 

2.11). Thus, it appears the addition of phosphate has markedly reduced the corrosivity of the 

shock chlorination solution to the copper. 

 

 
Figure 2.10. Photograph of water with initial 200 mg/L Cl2 without phosphate addition at 

end of test. 
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Figure 2.11. Photograph of water with initial 200 mg/L Cl2 with 1 mg/L as P 

orthophosphate addition at end of test. 

 

Modifications to Brantford Water 

The research team looked at the effects of altering the water chemistry of the Brantford water by 

either increasing the pH or by adding 1 mg/L orthophosphate as P. In the first phase of this work, 

where the Marshall test water was used, we found that the addition of orthophosphate 

dramatically increased the chlorine residual after 24 hours, but using the Brantford water 

orthophosphate actually had a negative effect (Figure 2.12). Increasing the pH did aid in 

maintaining higher chlorine residual, but not enough to pass the Brantford standard (Figure 

2.12). 
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Figure 2.12. Residual free chlorine after 150mg/L Cl2 shock chlorination in new 2” copper 

pipe. (Error bars represent 95% confidence intervals) 
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passed the standard. It may be expected that the old pipe would perform better because it had 

already been though several rounds or shock chlorination before being removed from the 

distribution system. 

60

70

80

90

100

110

120

130

140

150

160

0 5 10 15 20 25

C
l 2

, 
m

g
/L

Time, hr

Brantford Water

Brantford Water, pH 9.4

Brantford Water, with 1 mg/L 

orthophosphate (as P)
30% reduction



35 

 

 

Figure 2.13. Residual free chlorine after 150 mg/L Cl2 shock chlorination in 2” harvested 

Brantford pipe. (Error bars represent 95% confidence intervals) 

 

Effect of Pipe Diameter on Chlorine Residual 

It was hypothesized that a smaller pipe diameter might result in a greater loss in chlorine residual 

because of a larger surface area to volume ratio. This turned out not to be the case since a new 2‖ 

pipe consumed more chlorine than a new 1‖ pipe (Figure 2.14). Other pipe diameters tested only 

loosely fell in the expected order of chlorine demand however (Figure 2.14 and Table 2.2). ¾‖ 

glass pipe was used as a control but also exhibited some chlorine demand. After 24 hours water 

in the glass pipe had a chlorine residual of 128 mg/L Cl2. 

 

The ¾‖ and ½‖ pipes were re-tested because the ½‖ pipe had an unexpectedly large decrease in 

chlorine during the first trial (0 mg/L chlorine remaining after 24 hours). In the second trial, 

using the same pipes as the first trial, the ½‖ pipe had a 24 hour chlorine residual of about 80 

mg/L Cl2. The ¾‖ pipe had excellent reproducibility between trials with all chlorine 

concentrations being within 5% of one another (Figure 2.14). 
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Figure 2.14. Residual free chlorine versus time after 150 mg/L Cl2 shock chlorination using 

Brantford water. (Error bars represent 95% confidence intervals) 

 

Table 2.2. Chlorine decay data for various copper pipe diameters and ¾” glass control 

Average Cl2 mg/L 

      

Time 

VT 3/4" 

Glass 

Pipe 

VT New 

2" Pipe 

Brantford 

New 2" 

Pipe 

Brantford 

Harvested 

2" Pipe 

VT 3/4" 

Pipe 

VT 1/2" 

Pipe (1) 

VT 1/2" 

Pipe (2) 

0 144 149 149 149 145 145 144 

3 140 110 128 130 123 102 103 

6 141 108 118 121 112 83 89 

24 128 102 87 98 103 1 79 

95% Confidence 

      0 3.64 6.23 6.23 6.23 5.19 5.19 3.64 

3 7.61 12.49 7.23 7.50 2.79 4.72 4.78 

6 7.06 4.15 3.26 4.72 4.13 16.03 5.84 

24 8.02 7.38 1.89 7.06 2.08 0.21 9.46 

        pH   8.08 8.08 8.08 7.92 7.92   

Dia. 0.75 2 2 2 0.75 0.50 0.50 

SA:Vol 5.33 2.00 2.00 2.00 5.33 8.00 8.00 

% Cl loss 11% 32% 41% 34% 29% 99% 46% 
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To further investigate the relationship between pipe diameter and chlorine decay, the Marshall 

test water (Table 2.1) was used in copper pipe with diameters of 1‖, ¾‖ and ½‖. With the 

Marshall test water there was a longer sustained chlorine residual than with Brantford water 

(Figure 2.15). There is not a clear relationship between surface area to volume ratio (SA:Vol) in 

the Brantford water, but there is a trend of greater chlorine decay with greater SA:Vol (smaller 

pipe diameter) with the Marshall water (Figure 2.15). Thus, the specific results and trends will 

differ with water chemistry. 

 

 
Figure 2.15.  % chlorine loss with respect to surface area to volume ratio after 150 mg/L of 

shock chlorination. 

 

Copper Release 

The relationship between copper release and pipe size was also examined. Again there was no 

noticeable trend between the copper release and SA:Vol, but the Marshall water did cause more 

copper leaching than the Brantford water (Figure 2.16). It was expected that the copper release 

would follow an inverse trend of the chlorine residual. That is, a higher chlorine residual would 

result in a lower copper release. But this was not found to be the case. To better see the 

relationship between chlorine residual and copper release, the percent Cl2 loss and the copper 

release were plotted together.  The Marshall water had about the same copper release regardless 

of chlorine loss and the Brantford water had about the same copper release regardless of chlorine 

loss (Figure 2.17) 
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Figure 2.16. Copper release after 24 hours with respect to surface area to volume ratio. 

 

 
Figure 2.17. Relationship between chlorine loss and copper release. 

 

Tests with the Brantford water resulted in the lowest copper release. Since the higher pH 

condition helped maintain chlorine, we expected that it would have lower copper release, but it 

actually had greater copper release. The condition with phosphate corrosion inhibitor also had a 

greater copper release unlike during the earlier test with Marshall water (Figure 2.18). For the 
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new pipe purchased by our laboratory copper release was undetectable for the higher pH and 

orthophosphate addition trials. 

 

 

 
Figure 2.18. Copper release for various modifications to Brantford water. (Error bars 

represent 95% confidence intervals) 

 

With respect to pipe size, the diameter of the pipe had little effect on the amount of copper 

leached. It was expected that there would be a simple relationship, in that the smaller the pipe 

diameter (higher SA:Vol) the higher the copper release, but the data did not support this 

prediction. The 2‖ copper pipe purchased by our lab had the lowest copper release by far and was 

non-detectable in the higher pH and phosphate conditions (Figure 2.19) and two trials with the 

¾‖ pipe also had differences between runs. It is clear that factors other than pipe diameter can be 

influential-- it is possible that duration of pipe exposure to air after manufacturing, or other 

factors influencing the surface coating on the new pipe can also be important.  

 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

Brantford Water Higher pH (pH = 9.4) With 1 mg/L Phosphate

C
u
, 

p
p
b

Brantford New 2" 

Pipe

Brantford Harvested 

2" Pipe

VT New 2" Pipe



40 

 

 
Figure 2.19.  Copper release in Brantford water for different pipe sizes after 24 hour 

stagnation. (Error bars represent 95% confidence intervals) 

 

CONCLUSIONS 

 Pipe material is very influential in the degree of chlorine demand. In a comparison of 

copper, brass, PEX, and CPVC, copper exerts the highest chlorine demand while CPVC 

exerts the lowest. Copper exerts a higher demand because chlorine is a strong oxidizer 

and the copper is subject to oxidation were the CPVC is not. Chlorine is consumed as it is 

reduced. 

 Waters with high pH levels (~9-10) generally tend to hold chlorine residuals better than 

waters at lower pH levels (~6-7). 

 The addition of orthophosphate significantly reduces the rate at which chlorine 

disappears from the Marshall test water but not from the Brantford water. 

 For some water chemistries (Marshall water) chlorine decay is dependent on pipe 

diameter (and therefore the surface area to volume ratio). 

 Orthophosphate addition did not reduce copper leaching in the Brantford water. 

 If the first round of shock chlorination does not meet the residual chlorine standard, a 

second dose of shock chlorination may show no improvement (as in the case with the ¾‖ 

pipe) or may dramatically improve the chlorine residual (as in the case of the ½‖ pipe). 

 A second round of shock chlorination may show improvement in chlorine residual 

because the chlorine demand of the plumbing may have been exhausted during the first 

round of chlorination. However, there may be no improvement if there was little chlorine 

demand to begin with. That is, a dirty pipe would be more likely to benefit from a second 

shock chlorination than a clean pipe. 
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CHAPTER 3.  CRITICAL EVALUATION OF LEAD LEACHING FROM BALL 

VALES: NSF 61 SECTION 8 TESTING VERSUS FIELD PERFORMANCE  

 

ABSTRACT  

The lead leaching potential of new brass and bronze Section 8 devices has come under scrutiny 

as a significant source of lead in drinking water of new buildings.  Experiments were conducted 

using NSF/ANSI 61 Section 8 certified ball valves known to cause problems in practice, to better 

understand why "as installed" products could create such problems, despite passing NSF 61 

Section 8 tests for lead leaching.  Diffusion of lead from within the device to water in the pipe, 

velocity, microbial activity and other factors caused more leaching than would be expected based 

on NSF testing and normalization factors.  Moreover, use of flux during soldering of joints, 

increased lead leaching by orders of magnitude relative to results of NSF testing.  

 

INTRODUCTION  

Brass and bronze alloys are used to make plumbing devices of intricate design and irreplaceable 

functionality. Lead has been added to brass alloys to stop leaks by sealing micropores, to reduce 

corrosion of the alloy and increase product life, and to lubricate brass castings to increase 

machining rates and reduce production costs (Showman 1994; OECD 1994). The lead added to 

brass alloys can be distributed uniformly throughout the alloy, or can occur non-homogeneously 

in ―small islands‖ of very high lead content (Maynard et al. 2008). ―Lead-free‖ brass, which is 

used to make drinking water plumbing fixtures, can legally contain up to 8% lead (AWWARF 

2007). Although ―non-leaded‖ brasses (0.1-0.25% lead) have recently been developed and are 

increasingly specified for drinking water applications (Sandvig, Bloyd et al. 2007), many such 

devices were previously unavailable and just now coming into use . 

 

The presence of lead in brass plumbing devices creates the potential for contamination, and a 

substantial fraction of lead detected in potable water has been attributed to brass devices 

(AWWARF 1996). Early work indicated that about 1/3 of the lead in first draw samples came 

from brass in homes with lead solder, and virtually 100% of the lead in water came from brass in 

homes plumbed with galvanized or plastic pipe and fittings (Gardels and Sorg 1989). Other 

researchers have drawn very strong circumstantial ties between lead in water and brass 

(Kimbrough 2001). Although a sampling protocol used in a recent study suggested that brass 

faucets and water meters were a minor source of lead in much older homes sampled under the 

EPA Lead and Copper Rule (AWWARF 2008), very high levels of lead were documented in 

water of new buildings where leaded NSF certified brass is the only significant source (Elfland 

and Edwards 2008). 

 

The NSF/ANSI 61 Standard was intended to be used voluntarily by utilities, regulatory agencies, 

and/or manufacturers as a basis of providing assurance to customers that certified products will 
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not create health risks (NSF 2007a).  Lead, amongst other contaminants that are considered in 

the NSF 61 Standard, poses great concern due to increasing evidence of harm from low-level 

lead exposure (Canfield et al. 2003, Bellinger et al. 2003).  Brass products are classified as 

Section 8 or Section 9 devices, dependent on where they are installed in the plumbing system.   

 

NSF/ANSI 61 Section 8 is specific to ―in-line‖ components/plumbing devices which are used in 

the transmission and distribution system.  This includes any device used to measure or control 

the flow of water that is installed in a service line or in a building distribution system 

downstream of the water main and before ―end point‖ devices (i.e. faucets and fixtures). 

Examples of devices covered by this section include backflow preventers, pressure regulators, 

compression fittings, strainers, expansion tanks, meter stops, check valves, service saddles, curb 

stops, water meters, building valves, pressure tanks, corporation stops, valves and fittings, and 

meter couplings. 

 

Section 9 of the NSF/ANSI 61 standard specifies procedures for certifying ―end-point‖ plumbing 

devices, i.e. those installed within the last liter of the distribution system. These include single 

and double handled faucets, hot and cold water dispensers, drinking fountains, bubblers and 

water coolers, residential refrigerator ice makers, supply stop and endpoint control valves, and 

commercial kitchen devices.   

 

Testing of brass products covered by Section 8 requires exposure to two types of synthetic 

extraction water (i.e., a pH 5 and pH 10 water) under a specified protocol, followed by statistical 

analysis of the lead leaching results (Table 3.1). If the calculated concentration of lead is below 

15 ppb after consideration of normalization, Section 8 products can become NSF certified as 

long as the product also contains less than 8% lead by weight as specified by law (EPA 2004) 

(Table 3.1). 

 

It is recognized that compromises are necessary in any certification test, and that the actual 

concentrations of metals detected are controlled by the test protocol. Some key factors in the 

protocol include chemistry (corrosivity) of the two NSF Section 8 extraction waters, flow 

conditions, rinsing of product, duration of the test, duration of the contact time of test water and 

product before sampling, normalization factors, and reproducibility (Table 3.1). Corrosivity of 

the test water is highly influential in determining the amount of metal leaching from a device.  

Some potable waters have a high propensity to leach metal from brass devices and others have a 

low propensity to leach metals. If devices were tested in synthetic water that had a low 

propensity to leach lead and other metals of concern, the values obtained in the test might be 

lower than those which would be present in some real waters, and the test results would not be 

adequately protective of public health. 
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Table 3.1. Summary of test protocol for Section 8 and Section 9 product certification under 

NSF/ANSI Standard 61 (NSF 2007, Dudi et al. 2005, Triantafyllidou and Edwards 2007) 

 
 

The actual measured concentration of lead from the NSF/ANSI 61 test is normalized to 

―determine the level of contaminants projected “at the tap” based on the level of contaminants 

identified during laboratory analysis‖ (NSF 2007a).  It is important to understand how this 

normalized value is calculated from the actual collected lead in water concentration.   The goal is 

to take into consideration differences between laboratory testing and actual field conditions, to 

project the "at the tap" concentrations in a possible 1 liter sample collected for human 

consumption or regulatory compliance.  For example, after a stagnation event in a small Section 

8 device such as a ball valve, it is assumed that the water in the valve will be mixed with 1 L 

water as it comes out of the tap.  The equation also includes time adjustment factors, surface area 

adjustment factors, and assumptions of diffusion when estimating "at the tap" concentrations 

(Equation 3.1).   
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A close examination of the normalization formula (Equation 3.1) reveals that it is based upon 

total mass of contaminant leached over the stagnation time and not on the concentration.  The 

implication is that for devices holding small volumes, extremely high concentrations of lead are 

required to fail the existing 15 µg/l standard in the lab.  The rigor of the standard and the 

aggressiveness of the test waters were questioned by Dudi et al. (2005), who demonstrated that a 

Equation 3.1 

     
 

Where: 
*
SAF = internal product surface area exposed in the field 

 SAL = internal product surface area exposed in the lab 

 VL   = volume of extraction water used in the lab 

VF(static) = volume of water a product holds (on its own) when filled to capacity 

 VF(flow) = volume of water to which the product is exposed in the field under flow  

  conditions during a period of time equivalent to the lab test, assumed to  

  be 180 gal (681 L) /day 

 t  = duration of test in hours 

 DF = dispersion factor.  A ratio of the contaminant concentration in the device 

versus that at the tap due to mixing after transport.  The standard specifies that DF = 3.  

 

Example Calculation: ½‖ nominal diameter, non-threaded valve with a length of 2 inches 

tested for 24 hours, filled with a volume of 0.0064 L, and with a measured concentration of 

1000 ppb lead.  Internal surface area of the device as tested and in the field is 3.14 in
2
. 

(What‘s the normalized value for this example?) 

 

 
 

 

Normalized Reported Concentration = Measured Lead (ppb) X NF = 1000 ppb x 0.0011 = 

1.1 ppb 

 

Because 1.1 ppb is less than the current acceptance criteria of 15 ppb or the new 

acceptance criteria of 5 ppb effective 2012, the device would pass the NSF leaching 

standard. 

 

*For internal threaded products, SAF shall be equal to the normally wetted surface area of 

the product including 25% of the threaded area.  When the product capacity is equal to or 

greater than 1 L (0.26 gal), VF(static) shall be equal to the capacity. 
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pure lead pipe with stagnation time of 13 hours and actual lead in water concentration of 2,100 

µg/L, had a normalized value of 4.07 µg/L and would have passed the standard.  On that basis it 

was clear that the existing NSF test could not detect a device that posed an obvious health hazard 

(Dudi et al. 2005).  In response to that work, a critical examination of the Section 9 by 

Triantafyllidou and Edwards (2007), and increased concern about low-level lead exposure, the 

NSF/ANSI Standard 61 Joint Committee proposed changes to the NSF 61 protocol.  These 

changes include a reduction in the acceptance criteria from 15 µg/L to 5 µg/L lead effective July 

2012, and changes in laboratory protocols that maintained the corrosivity of the NSF pH 10 test 

water.   

 

Recent work that discovered problems with high lead in new buildings of North Carolina, 

subsequently reinforced  concern that the NSF Standard does not sufficiently protective (Elfland 

et al., 2010).  Specifically, in practice ball valves that were NSF Section 8 certified released lead 

in excess of 100 µg/L even in flushed samples.  Months of remedial flushing could not reduce 

the high concentrations of lead below 15 µg/L in a 1 L first-draw samples; and, in-line strainers 

were found to be clogged with lead bearing plumbing debris.  The goal of this paper is to 

consider various reasons for unacceptably high lead levels observed in practice, versus 

expectations that lead at-the-tap would not be of concern based on NSF Section 8 testing and 

certification.  Possible explanations evaluated herein include NSF test requirements for product 

selection and replication, NSF protocol for handling potential brass fines/turnings in products, 

issues related to water corrosivity and exposure, galvanic corrosion, role of velocity, diffusion 

and flux.  After briefly discussing each in the paragraphs that follow, experiments were 

conducted to quantify the magnitude of each factor in contributing to the discrepancy.   

 

Selection and Fail Rate.  Any product testing program has a certain probability of passing 

(certifying) a product line that should have failed, or failing products that should have passed. 

Each type of error has significant practical implications. Control of that risk is important, 

because such errors could hinder sale, marketing and installation of safe brass plumbing devices. 

But from a public health perspective and to understand why some certified brass devices in a 

product line will cause problems with lead contamination when installed, it is also important to 

consider the likelihood that certified products will fail.  The Section 8 certification process only 

requires one single device to be tested for an entire product line to pass or fail. Hence, the 

percentage of devices from a product line that would fail to meet the NSF standard cannot be 

estimated or controlled.  For example, a single large diameter ball valve in the product line could 

have been tested using the Section 8 protocol, and if it had passed, all smaller diameter ball 

valves could be certified without any testing at all.  

 

Turnings. The presence of large and small pieces of brass in the strainers and aerators can be 

major concern. Examining the NSF protocol in detail reveals that problems from these brass 

fines/turnings would be completely missed. That is, the NSF protocol has a required step to rinse 
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the brass devices 15 minutes under pressure with tap water to remove debris, and to then discard 

the rinse water and conditioning test waters without quantifying lead. If brass fines or turnings 

were normally present in these devices, they could cause serious long-term contamination in 

practice when these brass particles become trapped in strainers or aerators, but they would not 

contribute lead during the NSF testing due to the rigorous pre-cleaning. Pre-cleaning of brass 

devices before installation in construction is not standard practice. 

 

Diffusion.  The NSF 61 Section 8 is conducted with ―in-the-product‖ testing, where the valve in 

isolation serves as the reservoir for the testing water (Figure 3.1.a).  After the device is filled, the 

metal corrodes and dissolves, and in many situations, lead leaching reaches a pseudo-equilibrium 

in the small volume of fluid in the device within a few hours (referred to as ―valve-only‖ test 

condition in this paper). However, when the device is connected to plumbing, the lead can 

diffuse outwards from water in the device and into the larger volume in the plumbing (referred to 

as ―in-line‖ test condition in this paper).  This can create a driving force for more lead dissolution 

from the brass (Figure 3.1-b).  The diffusion factor in the normalization equation results in 

reducing the overall prediction for lead release (typically by one-third), whereas in practice, 

diffusion creates increased lead release compared to ―valve only‖ conditions in the lab. 

 

Galvanic Connection, Flux, Solder and Other Practical Factors.   If the brass device is 

connected to a long section of copper pipe, a battery or galvanic effect may amplify corrosion 

and release of lead from the valve beyond that from "in product" testing (Dudi et al. 2005).  If 

the joint is not threaded, installation of the device using flux and solder might also alter lead 

leaching.  Flux is a paste like substance used in sweat soldering, which is by nature corrosive to 

copper and brass alloys.  Residual flux is believed to initiate and perpetuate certain types of 

corrosion problems, and in some circumstances the high ammonia and organic carbon provide 

the necessary nutrients for bacteriological growth (Griffin 2010) (Figure 3.1.b).   
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Figure 3.1. Schematic of NSF 61 Exposure Limitations 

 

Effect of Velocity. In a real home system, the valve will be exposed to turbulent flow, which 

might scour scale from the pipe and increase lead release.  To protect copper and brass from 

erosion corrosion in typical waters, it is recommended that fluid velocities remain below 8 fps 

for cold and 3-5 fps for hot waters (CDA, 2006). Sakamoto et al. (1995) documented high 

corrosion rates of brass in potable water faucets due to erosion corrosion at 10.8 fps, and the 

magnitude of the effect varied dependent on the type of alloy. Considering that many kitchen 

brass kitchen faucets are plumbed with short sections of flexible, small copper tubing (1/4‖ 

nominal diameter), even at 2.2 gpm the fluid velocity can approach 25 fps near brass surfaces in 

plumbing devices.  It was deemed possible that high velocities in the field might create much 

higher lead release than is observed in the NSF 61 test protocol. 

 

The goal of this work was to examine how, exactly, the bronze devices passing the NSF Section 

8 Standard, could nonetheless create serious problems with high lead "at the tap" when installed 

according to code in new buildings.  The assumptions used in the NSF Section 8 standard versus 

practice were deconstructed experimentally, to elucidate the potential role of each factor in 

under-estimating true lead observed at the tap.  

 



50 

 

MATERIALS AND METHODS 

Evaluating Variability in Product Surface Composition.   

The metals content of six products produced by three manufactures of brass ball valves was 

conducted (Table 3.2).  Both NSF 61 certified and non-certified devices were analyzed. In total 

132 valves were evaluated. The elemental content of each valve was determined using a 

handheld X-ray fluorescence (XRF) model Alpha 8000 manufactured by Innov-X Systems.  The 

XRF and associated software are specially designed to detect the identity and composition of 

brass alloys and report percent mass of metals. 

 

Table 3.2. Composition of brass ball valves as determined by XRF.  Values are % mass 

abundance. 

Manufacturer Type Certification Quantity Cu Zn Pb Ni Sn Fe 

1 Brass NSF 7 59.3 37.3 1.6 0.8 0.3 0.4 

2 Brass NSF 25 56.9 39.2 2.4 0.2 0.5 0.7 

3 Brass NSF 25 57.6 39.0 2.4 0.1 0.3 0.5 

2 Brass Non-NSF 25 58.0 36.5 3.2 1.0 0.5 0.7 

3 Bronze Non-NSF 25 81.7 6.8 6.8 3.8 0.4 0.4 

1 Bronze NSF 25 82.8 4.7 7.7 3.9 0.4 0.4 

 

The bronze ball valves from manufacturer 1, which were devices that created problems in 

practice (Elfland et al. 2010) were selected for more detailed experimental evaluation.   

Diffusion  

To determine if diffusion caused more lead to leach to water in practice,  devices were tested in 

"valve only" situations as per the NSF 61 protocol (Figure 3.2), and also when screwed into the 

middle of a 10.6 foot length of ¾‖ PVC pipe of total volume 1 liter.  This and other pipes were 

plugged at each end with silicone stoppers.   
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Figure 3.2.  "Valve only" test condition set-up. 

 

Galvanic Connection 

 The role of a galvanic connection to copper was examined by connecting the bronze ball valve 

to 10.6 feet of 3/4" copper containing a total volume of 1 liter.   

Flux 

Three soldering fluxes  were selected for evaluation: Flux 1 was an ASTM B813 compliant, lead 

free, high ammonia, high TOC flux; Flux 2 was an ASTM B813 compliant, lead free, low 

ammonia flux; and Flux 3 was a petroleum based, high zinc, high copper flux.  The flux was 

applied to the inside surface of three bronze?? ball valves tested in a "valve only" situation.     

Combination 

Some testing was conducted to replicate a real home plumbing situation that included diffusion, 

galvanic connections and flux together.  A bronze valve was soldered to a 10.6 ft long copper 

pipe using the traditional sweat soldering method with a propane torch. Flux 2 was used for all 

studies.  For these tests two levels of flux were applied.  ‗Low Flux‘ is defined as the minimum 

possible amount of flux needed to adequately solder the brass valve to the copper, whereas ‗High 

Flux‘ represents a situations where excess flux is used in a potentially "sloppy" or careless 

installation.  As a control test condition, flux was heated inside a valve and then glued to PVC 

pipe, to eliminate the galvanic effect from the copper and isolate the effect of flux alone.  



52 

 

Velocity 

To further mimic in-home conditions and typical velocities, realistic flow rates were tested using 

a 132 liter (35 gallon) pressurized tank apparatus.   The test water was pumped into the tank 

using a peristaltic pump.  The 10.6 ft long pipes were connected to the pressurized tank using 

PVC pipe and fittings (Figure 3.3).  The flow rate was controlled by the pressure in the tank and 

PVC ball valves at the effluent.  In total 6 valves were connected to the pressure tank.  Two flow 

rates were tested: ―high‖ flow rates of 60 L/min or 10 ft/s in a ¾‖ pipe, and ―low‖ flow rates  of 8 

L/min or 1.3 ft/s in a ¾‖ pipe.  The same copper conditions tested under stagnant conditions 

described in the combination tested, were also tested under flowing conditions. 

 

 
Figure 3.3. Flow inducing rig using pressure tank 

 

Water Quality 

A synthetic water was formulated to mimic the water of the Orange Water and Sewer Authority 

(OWASA) and was used for all tests (Table 3.3) This water recipe was used because it services 

the University of North Carolina (UNC), where extensive problems with lead leaching from 

brass ball valves in a newly constructed building were encountered (Elfland 2010, submitted to 

JAWWA). The 70:30 blended orthophosphate/polyphosphate corrosion inhibitor used by 

OWASA was used in this study as well.   

Table 3.3.  Water Quality Recipe 

Ingredients 
Conc. 

mg/L 

Sodium Silicate 13.04 

Sodium Bicarbonate 16.80 

Calcium Chloride 22.01 

Magnesium Sulfate 12.38 

Potassium Sulfate 13.37 

Sodium Sulfate 40.00 

Phosphate  70:30 .3 as P 

1 mg/L Chloramine as Cl2 

Pressure tank 
Outflow 

High Flow 

Low Flow 
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Chlorine (as Cl2) 1.00 

Ammonia (as N)  0.25 

The pH of the synthetic water was adjusted to 7.5 using hydrochloric acid (HCl) prior to use. A 

dump and fill method was used, with water being changed every Monday, Wednesday, and 

Friday.  Composite weekly samples were collected for each test condition.  The pH and chlorine 

concentration were recorded at each water change.  Samples were analyzed for copper, zinc, and 

lead concentrations using a Thermo Electron X-Series inductively coupled plasma with mass 

spectrometry (ICP-MS) after acidification with 2% acid and a minimum of 24 hours holding 

time.  All experiments using flux were conducted for 5 weeks, all experiments without flux were 

conducted for 13 weeks, the ‗valve only‘ conditions were conducted for 19 weeks and the valve 

only with flux conditions were conducted for 15 weeks. 

In total 13 conditions were considered (Table 3.4). All conditions were tested in triplicate except 

for the effect of the three different types of flux on brass valves. 

Table 3.4. Summary of Conditions 

Test Condition Issue being tested 

“Valve-Only” 

1. Valve only  NSF 61 protocol 

4. Valve only with Flux 1 Presence of Flux 

5. Valve only with Flux 2 Presence of Flux 

6. Valve only with Flux 3 Presence of Flux 

“In-Line”, Stagnant Conditions 

2. Valve connected to PVC pipe (1 L) Diffusion 

3. Valve connected to Cu pipe (1 L) Diffusion with Galvanic Connection 

7. Valve connected to PVC pipe with flux Diffusion with Flux 

8. Valve connected to Cu pipe with ‗low‘ 
flux Diffusion with Flux and Galvanic Connection 

9. Valve connected to Cu pipe with ‗high‘ 

flux Diffusion with Flux and Galvanic Connection 

“In-Line”, With Flow 

10. Valve connected to Cu pipe with low 

flow Diffusion with Galvanic Connection and Low Flow 

11. Valve connected to Cu pipe with high 

flow Diffusion with Galvanic Connection and High Flow 

12. Valve connected to Cu pipe with low 

flow & flux Diffusion with Flux , Galvanic Connection and Low Flow 

13. Valve connected to Cu pipe with high 

flow & flux Diffusion with Flux , Galvanic Connection and High Flow 

 

RESULTS  

The following sections describe the effects of flow velocity, flux, and galvanic connections on 

lead release from brass valves, and how they affect the normalized lead concentration arising 

from in the valve testing as described in NSF/ANSI 61. 
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Water Quality Aspects 

The pH and chlorine concentration of the effluent from each test condition was monitored 

regularly.  For test conditions with stagnant waters and no flux, pH quickly stabilized to 

approximately 7.3.  For tests under flowing conditions microbial activity in the pressurized tank 

caused pH to drop to a lower value of 6.5 (Figure 3.4).  After about 20 weeks the influent pH 

was raised in the water to the pressure tank, such that the final pH from the pipes was raised to 

about pH 7.3 (Figure 4).    After stagnation the free chlorine concentration was generally zero for 

all conditions except for PVC pipe, which maintained a chlorine residual of about 0.6 mg/L.  

Thus, PVC has a lower chlorine demand than does copper.    

 

 
Figure 3.4. Test water effluent pH in valve/pipe rigs without flux 

Effect of Diffusion on Lead Leaching 

The effect of diffusion was evaluated by comparing lead leaching results from ―valve only‖ 

condition (i.e. NSF 61 standard), to that of the ―in-line‖ (i.e. valve connected to one liter of PVC 

pipe) condition. Although the ―valve only‖ condition resulted in 91 times higher lead 

concentrations, the mass of lead leached was 20 times lower than that for the ―in-line‖ condition 

due to the extra volume of water in the pipes (Figure 3.5). This is consistent with expectations 

based on the analysis presented in Figure 3.1.  Specifically, the mass of lead leached to the water 

for the "valve only" test is limited by buildup of high concentrations of lead in the small volume 

of test water, relative to what occurs in practice.  According to the analysis presented in the 

example of Figure 3.1, this discrepancy is not considered in NSF normalization, and can result in 

an under-estimation of actual lead at the tap of 20 times. 
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Moreover, while we did not test the impact of dispersion and whether the assumed reduction of 

1/3 in concentration would actually occur when water is transported to the tap, given that the 

volume of water tested was 1 Liter for the "in-line" test, it seems highly unlikely that a 1/3 

reduction in peak concentration would occur.  Thus, the dispersion factor is not conservative or 

necessarily even justifiable.   

 

 
Figure 3.5. Concentration and mass of lead leached for the ‘valve only’ and valve connected 

to one liter of PVC pipe test conditions. 

 

Effect of Flux on Lead Leaching 

Three flux types (Flux 1, 2 and 3) were evaluated in this study. Regardless of flux type applied to 

a brass valve, the amount of lead leached was orders of magnitude higher than the control over 

the 15 week period evaluated in this study (Figure 3.6).  In the first week, extraordinarily high 

concentrations of lead were observed (in one case over 100,000 ppb).  Even after 15 weeks, Flux 

2 was still releasing over 3,000 ppb of lead, while the control (valve only without flux) released 

just 90 ppb of lead.  In general, Flux 2 (low ammonia, water soluble), had the highest and most 

sustained, lead leaching.  Consequently, Flux 2 was selected for use in the diffusion and flow test 

conditions to represent a worst case scenario.   
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Figure 3.6. Effluent lead concentration for valve only condition, with different types of flux. 

(log scale) 

 

Effect of Flux in Combination with Diffusion and Galvanic Connection on Metals Release 

in Stagnant Conditions 

Stagnant test conditions 2, 3, 7, 8 and 9 (Table 3.4) were compared to evaluate the combined 

effect of flux, diffusion, and galvanic connections. More specifically, these conditions involved 

copper pipe threaded to a brass valve (without flux), PVC pipe connected to a threaded brass 

valve (with and without flux), and copper pipe soldered to a brass valve (with low and high 

amounts of flux). For all conditions without flux, lead leaching was always below 10 ppb (Figure 

3.7).   

 

Surprisingly, the PVC condition, with and without flux, always leached more lead when 

compared to a similar situation with copper (Figure 3.7).  Kimbrough also observed that PVC 

systems can leach more lead than copper systems in his study of brass corrosion as a source of 

lead and copper in traditional (copper) and all-plastic distribution systems (Kimbrough 2007), as 

did Zhang et al (2009).  One possible reason is that chlorine levels were maintained at higher 

levels in the tests with PVC, which might create more lead corrosion, compared to a situation 

with copper which consumes chlorine.  Alternatively, it is hypothetically possible, although 

unlikely, that the bronze valves used in this work were somehow cathodic to the copper (Dudi et 

al. 2005).   

 

The use of flux had the most drastic influence on short-term lead leaching for both PVC and 

copper pipe systems.  This was especially true in the first week where lead concentrations were 

over 1,000 ppb (Figure 3.7).  After four weeks it appears that the effect of flux was no longer 
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relevant since lead leaching was comparable to the condition without flux .Surprisingly, the two 

levels of flux used in soldering did not seem to have an impact on lead leaching (Figure 3.7).   

 

Zinc—a component of both the flux and valve—leached at about the same mass as lead initially 

from the condition without flux.  However, after about 15 weeks, zinc leached at a higher rate 

than did lead (data not shown).  The weight ratio of lead to zinc in the PCV condition was 

initially 3 and in the copper condition initially 0.45.  After 12 weeks both conditions had a lead 

to zinc ratio of about 0.12.  For comparison, brass valve by weight had a Pb:Zn weight ratio of 

0.83 and a ratio of 1.6 on the surface. 

 
Figure 3.7. Effect of Flux in Combination with Diffusion and Galvanic Connection on 

Metal Release in Stagnate Conditions 

 

As with tests conducted in stagnant conditions, tests conducted in flowing conditions (without 

flux) leached very low levels of lead throughout the 13 week test duration (Figure 3.8).  

Interestingly, zinc and copper concentrations were low for all test conditions with flow for the 

first two weeks. Copper concentrations gradually increased, almost linearly, with a peak level at 

week 10 (data not shown). As in the static conditions, the addition of flux significantly increased 

metals leaching in the first week.  After week 2, both test conditions with and without flux 

leached about the same amount of lead and zinc; however, copper leaching continued to be 

higher with the use of flux than without (data not shown). Zinc peaked in week 3 and started to 

decrease from weeks 6 though 13 (data not shown).  Copper on the other hand exhibited the 

opposite trend. 
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Figure 3.8. Effect of Flux in Combination with Diffusion and Galvanic Connection on Metal 

Release in Flowing Conditions 

 

Overall Evaluation of Impacts.   

The cumulative mass of lead leached over 5 weeks was calculated for each test condition so that 

straightforward comparisons could be made between the various test scenarios (Table 3.5). These 

comparisons show that ―in line‖ tests (diffusion) on average resulted in 35 times more lead 

leaching on a mass basis than for the corresponding ―valve only‖ tests over 5 weeks.  

 

The valve connected to PVC pipe leached more lead than the valve connected to the copper pipe.  

Although an unexpected finding in this study, as noted previously, both Kimbrough in his study 

of lead and copper in traditional (copper) and all-plastic distribution systems (Kimbrough 2007, 

Zhang et al. 2009).  

 

Lead leaching was higher if high flow was present versus stagnant conditions, if flux was not 

present.  There was not, however, a statistically significant difference in lead leaching between 

the high and low velocity.  The use of flux substantially increased lead leaching, furthermore, the 

type/brand of flux impacted the severity of total mass of lead leached over 5 weeks.  Flux use in 

―in line‖ (diffusion) testing, resulted in dangerous high levels of lead leaching. Interestingly, the 

amount of flux used did not result in quantifiable differences in mass of lead leached.  Test 

results showed that flux use in combination with flow had lower levels of lead leaching 

compared to flux use and no flow; this result may be attributed to flow flushing flux from the 

valve and thereby diminishing its corrosive influence, i.e. less flux is available.  Although the 

high flow condition had higher lead concentrations than low flow condition in both with and 
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without flux.  This could be attributed to the turbulence and scouring caused by the higher flow. 

A more detailed look at concentration and mass leaching over 5 weeks can be found in Appendix 

B (Table B.1). 

 

Table 3.5. Cumulative Mass of Lead Leached After 5 weeks for Each Test Condition. 

Test Condition 

Cumulative 

Pb Mass 

(µg) 

Normalized 

Cumulative 

Mass 

Valve only (NSF Condition) 5 1 

Valve only with Flux 1 534 107 

Valve only with Flux 2 2,506 501 

Valve only with Flux 3 134 27 

Valve connected to PVC pipe (1 L) 177 35 

Valve connected to Cu pipe (1 L) 42 8 

 Valve connected to PVC pipe with flux 3,262 652 

Valve connected to Cu pipe with ‗low‘ flux 11,786 2357 

Valve connected to Cu pipe with ‗high‘ flux 9,238 1848 

Valve connected to Cu pipe with low flow 111 22 

Valve connected to Cu pipe with high flow 168 34 

Valve connected to Cu pipe with low flow & flux 1,815 363 

Valve connected to Cu pipe with high flow & flux 294* 59* 

* One week of data was inadvertently not collected, but lead trends indicate that high flow with flux 
leached more lead than low flow with flux by at least 1.5-2.0 times. 

 

Normalization and the NSF 61 Standard 

As mentioned previously, the NSF 61 test ―normalizes‖ the lead concentration to determine if the 

device is deemed safe. The lead concentrations obtained this study were ―normalized‖ to directly 

compare the effects of the various conditions tested to the ―valve only‖ condition (equivalent to 

the NSF apparatus). Just accounting for diffusion the normalization value is 15 times greater than 

the ―valve only‖ condition reflecting the effect of diffusion, galvanic connections, and flow the 

normalization valve is about 35 times greater in week one (Figure 3.9).  By week 3, which was 

chosen because 21 days is close to the NSF standard of 19 days, the factor of increase from the 

NSF standard had greatly increased compared to the ‗valve only‘ of the same week (Figure 3.9). 

Factor of increases for week five and additional data for all three weeks can be found in 

Appendix B (Table B.2). 
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Figure 3.9. Factor of increase from NSF standard based on mass after week 1 and week 3 

without flux.  

 

 
 

When flux and galvanic effect is taken into account, the normalization factor can be as much as 

2,600 times greater than the NSF standard in the first week.  By the third week the factor of 

increase from the NSF standard dropped significantly, but the influence of the typical plumbing 

conditions still had a factor of increase from 75 to 275 (Figure 3.10). 
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Figure 3.10. Factor of increase from NSF standard based on mass after week 1 and week 3 

with flux. 

 

DISCUSSION 

This work adds to prior concerns that the NSF Section 8 protocol and normalization process, 

underestimates "at the tap" lead concentrations in practice, and in at least some rare 

circumstances is insufficiently protective of public health.  Under reasonable scenarios 

investigated in this work without flux, the normalization factors and the test protocol 

underestimated actual lead concentrations by about a factor of 40.   

 

Prior work did not consider the potential role of plumbing flux in creating corrosive conditions.  

The inclusion of flux in the test protocol increased lead leaching by as much as 1,000 times.  

This can obviously create a situation in which an NSF certified product, as installed, could pose a 

public health hazard. 

 

In relation to the prior work at UNC with the problematic ball valves, it is now believed that flux, 

low water use, moderately corrosion water and long holding times created a situation in which > 

100 ppb lead in flushed samples could be sustained for months.  Even if the adverse impacts of 

flux might gradually disappear, the extremely high concentrations of lead in water released 

0

10

20

30

40

50

60

70

80

0

500

1000

1500

2000

2500

3000

Diffusion with 

Flux

Diffusion with 

Flux and 

Galvanic 

Connection

Diffusion with 

Flux and 

Galvanic 

Connection

Diffusion with 

Flux , Galvanic 

Connection and 

Low Flow

Diffusion with 

Flux , Galvanic 

Connection and 

High Flow

F
a
c
to

r
 o

f 
in

c
r
e
a
se

 f
r
o
m

 N
S

F
 s

td
. Week 1

Week 3



62 

 

during the first few weeks could precipitate in the plumbing line and "seed" the system with 

levels of lead that could create problems for a long period of time.  

 

Consider a situation in which 11,786 µg lead was leached to the water over a 5 week experiment 

(Appendix Table A.1).  This amount of lead could contaminate 785 liters of water over 15 ppb or 

117 liters of water over 100 ppb lead.  This could represent weeks or months of water use at 

some drinking water fountains without other "high demand" devices such as toilets or sinks 

connected to the plumbing line.   

 

Recommendations 

 Based on the results of these experiments it is clear there are short comings, if not major 

compromises in the NSF 61 Section 8 Standard‘s ability to protect the public from adverse health 

effects from in-line plumbing devices.  In order to avoid problems like the ones seen by UNC 

Chapel Hill, changes need to be made to the certification process. In order to more effectively 

safeguard public health and evaluate effectively gauge the lead leaching potential of an in-line 

device, the NSF 61 Section 8 should be changed. The worst case scenario was the combination 

of diffusion, galvanic connection, and presents of soldering flux, which is the most typical 

plumbing situation.  Given these findings the certification process should be changed to include: 

1. Effect of diffusion – Instead of ―in-the-product‖ testing, the devices needs to be 

connected to at least 0.5 liters worth of copper pipe during testing. 

2. Effect of flux – Flux dramatically increases lead leaching, up to 500 times, and must be 

included in the evaluation of lead leaching.  Flux needs to be applied and heated in the 

same manner as a typically soldering job as a plumber for testing. 

3. Overhaul of the ―Normalization Factor‖ – The current normalization factor under 

represents the lead contamination threat to a consumer through arbitrary factors that 

reduce the lead concentration obtained by the test.  The normalization factor should 

conservatively adjust the lead concentration from the test.  Assuming the first two 

recommendations are implemented there is no need for a normalization factor, because 

instead of estimating through calculations the effect of various factors, they are 

physically being accounted for. 

 

CONCLUSIONS 

 The NSF normalization factors tend to reduce projections of lead at the tap, versus those 

which are observed in many realistic situations.   

 Factors such as diffusion and water flow can increase lead leaching in practice, based on 

projections used for NSF testing. 
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 PVC connection to a bass valve results in more lead leaching than copper connected to a 

brass valve, contrary to expectations based on galvanic impacts.  In general galvanic impacts 

for brass are not a significant factor.   

 Use of corrosive plumbing flux can increase actual lead in water orders of magnitude beyond 

expectations based on NSF testing.   

 Flushing increases lead leaching in systems where flux is not present, but decreases lead 

leaching in systems that flux is present, i.e. flushing removes the corrosive flux. 
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APPENDIX A 

Table A1 – Initial Screening of Locally Purchased Fluxes.   

All data are water quality measurement following immersing 2 g of flux in 100 mL of distilled water. 

Sample ID 
B813 

Compliant 

Additional Descriptive Label 

on Package 

TOC 

mg/L 

NH3 

mg/L 
Al 

ppb 

Si 

ppb 

Cl 

ppm 

Cu 

ppb 

Zn 

ppb 

Pb 

ppb 

Sn 

ppb 

P 

ppb 

A. 1- High 

Ammonia Water 

Soluble Flux 

Yes 

Certified to ANSI/NSF61, 

Lead Free, Non-Acid, Non-

Toxic 
4560 500 9.1 236.2 109.4 2.6 186.1 0.2 17.8 72.6 

B 2 - Low 

Ammonia Water 

Soluble Flux 

Yes 

  

2350 6.8 4.2 30.3 21.2 5.2 278.7 1.1 59.9 
138.

2 

C 3 - Traditional 

Petroleum Flux* 
No 

Tinning Flux, ZnCl2, NH4Cl, 
Copper, Tin, Bismuth,  7 230 3.3 7.8 108.2 1,501.0 96,690.0 19.5 364.3 0.0 

D* No 
Certified to ANSI/NSF61,  

ZnCl2 2 0 4.0 10.5 84.7 4.7 87,010.0 0.6 30.7 0.0 

E Yes 
Certified to ANSI/NSF61, 

NH4Cl, ZnCl2 2116 120 8.6 19.0 49.7 13.1 22,140.0 0.5 10.3 30.2 

F* No 
Certified to ANSI/NSF61, 

Tinning Flux, ZnCl2 3.033 0 3.4 4.8 102.5 7.0 106,500.0 16.8 
1,452.

0 
0.0 

G* No Paste Flux, ZnCl2 3.478 0 4.9 35.9 107.1 10.0 110,900.0 0.5 9.5 0.0 

H Yes Non Toxic, Scorch Resistant 1477 460 89.7 117.3 93.3 6.2 50,410.0 0.2 1.2 20.3 

I No ZnCl2 888 1020 9.5 167.3 282.2 9.6 233,100.0 5.1 943.6 0.0 

J No 

Certified to ANSI/NSF61, 

ZnCl2, non-aggressive paste 

flux 
17 98 3.4 0.0 99.2 5.8 92,580.0 6.0 1.8 0.0 

K No 
Certified to ANSI/NSF61, 

Water Soluble, Pd free, ZnCl2 155 54 3.3 7.8 25.4 13.7 13,070.0 1.6 6.2 0.0 

*Petroleum based flux - TOC may be underestimated due to filtering in screening method, due to volatilization of organic carbon and because much of the 

TOC does not pass through a 0.45 m filter. 
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Figure A1. Flux Soldered Joints or Units Used in Experiments:   

Straight Coupling (Top) and Two Bends (Bottom). 
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Table A2. Increases in Dissolved Constituents following Flow through the Experimental 

Flushing Apparatus 

Time 

(min) 

Al Si Cl Cu Zn Pb Sn P 

ppb ppb ppm ppb ppb ppb ppb ppb 

Flux1   

0.5 3 62 18 1448 0 0 29 38 

1.5 1 0 8 496 0 0 51 0 

3 0 0 6 217 0 0 25 0 

5 4 0 5 143 4 12 18 5 

10 0 27 0 0 0 0 5 0 

15 0 24 0 0 0 0 2 0 

Flux 2  

0.5 39 67,959 11.5 0 127 3 0 100 

1.5 1 31,427 4 614 1 0 18 28 

3 2 31,227 2 89 19 0 12 7 

5 4 9 0 5 0 0 0 0 

10 0 25 0 0 0 0 0 0 

15 0 0 0 20 2 0 0 0 

Flux 3  

0.5
 

6 36,030 0 386 2113 0 95 0 

5 2 8,661 0 39 386 0 12 0 

15 0 0 0 11 476 0 7 0 
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APPENDIX B 

Table B.1 

  Concentration, ppb Mass, µg 

  
Week 1 A 

Week 1 

B 
Week 2 Week 3 Week 4 Week 5 

Week 1 

A 
Week 1 B 

Week 

2 
Week 

3 
Week 

4 
Week 

5 
Total 

Mass 

Flux 1 9,127   21,270 13,390 12,750 2,793 82.1   191.4 120.5 114.8 25.1 534 

Flux 2 168,300   36,700 34,560 17,050 21,820 1514.7   330.3 311.0 153.5 196.4 2,506 

Flux 3 7,583   5,019 1,501 451 350 68.2   45.2 13.5 4.1 3.2 134 

Threads 1 82.6   61.9 22.6 72.2 226.1 0.7   0.6 0.2 0.6 2.0 4 

Threads 2 21.7   45.3 16.0 29.1 71.65 0.7   0.4 0.1 0.3 0.6 2 

Threads 3 40.5   62.1 30.5 130.5 361.75 1.2   0.6 0.3 1.2 3.3 6 

average 48.3   56.4 23.0 77.2 219.8 1.4   0.5 0.2 0.7 2.0 5 

95% conf 35.2   10.9 8.2 57.6 164.3 1.1   0.1 0.1 0.5 1.5 3 

w/o Threads 1 1743000   2,641.0 290.8 415.8 129.65 15687.0   23.8 2.6 3.7 1.2 15,718 

w/o Threads 2 1448000   2,224.0 583.6 194.1 930 13032.0   20.0 5.3 1.7 8.4 13,067 

w/o Threads 3 776500   523.4 83.3 303.5 185.15 6988.5   4.7 0.7 2.7 1.7 6,998 

average 

1,322,500.

0   1,796.1 319.2 304.5 414.9 11902.5   16.2 2.9 2.7 3.7 11,928 

95% conf 560,498.6   1,269.4 284.4 125.4 505.7 5044.5   11.4 2.6 1.1 4.6 5,064 

PVC 1 11.2   18.2 24.0 12.4 5.4 33.57   54.6 72.12 37.11 16.245 214 

PVC 2 10.0   8.1 11.4 10.0 4.4 30.09   24.204 34.11 29.997 13.164 132 

PVC 3 10.2   17.7 14.3 15.0 4.3 30.54   53.16 42.84 45.09 12.822 184 

average 10.5   14.7 16.6 12.5 4.7 31.4   43.988 49.69 37.399 14.077 177 

95% conf. 0.7   6.5 7.5 2.8 0.7 2.1   19.4 22.5 8.5 2.1 47.1 

Cu 1 3.4   1.8 2.3 1.8 1.0 10.071   5.523 6.87 5.514 2.874 31 

Cu 2 6.1   1.8 3.9 4.4 3.0 18.294   5.514 11.766 13.137 8.904 58 

Cu 3 3.0   1.5 3.4 3.1 1.1 9.129   4.524 10.164 9.417 3.42 37 

average 4.2   1.7 3.2 3.1 1.7 12.498   5.187 9.6 9.356 5.066 42 

95% conf. 1.9   0.2 0.9 1.4 1.3 5.7   0.6 2.8 4.3 3.8 15.9 

Low Vel. 1 4.9   8.6 6.5 8.8 11.4 14.835   25.677 19.485 26.484 34.26 121 
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Low Vel. 2 4.3   5.0 12.2 8.1 12.6 12.753   14.901 36.63 24.408 37.77 126 

Low Vel. 3 5.1   2.4 4.0 11.0 6.0 15.216   7.329 12.081 33.12 17.886 86 

average 4.8   5.3 7.6 9.3 10.0 14.268   15.969 22.732 28.004 29.972 111 

95% conf. 0.5   3.5 4.7 1.7 4.0 1.5   10.4 14.2 5.1 12.0 25.0 

High Vel. 1 40.7   16.6 15.5 4.6 7.8 122.01   49.8 46.44 13.701 23.262 255 

High Vel. 2 3.9   12.0 7.7 4.5 14.7 11.586   36.12 23.238 13.632 44.16 129 

High Vel. 3 9.6   12.1 9.7 3.3 5.6 28.791   36.3 29.169 9.84 16.872 121 

average 18.0   13.6 11.0 4.1 9.4 54.129   40.74 32.949 12.391 28.098 168 

95% conf. 22.4     4.5 0.8 5.4 67.2   8.9 13.6 2.5 16.2 85.3 

PVC with Flux1 580.1 63.0 18.5 12.3 6.9 21.2 1740.3 189.03 55.62 36.99 20.664 63.45 2,106 

PVC with Flux2 941.9 141.8 46.4 29.9 36.4 8.9 2825.7 425.4 139.29 89.82 109.2 26.634 3,616 

PVC with Flux 3 1,066.0 111.5 50.4 93.9 17.3 15.8 3198 334.5 151.29 281.73 52.02 47.52 4,065 

average 862.7 105.4 38.5 45.4 20.2 15.3 2588 316.31 115.4 136.18 60.628 45.868 3,262 

95% conf. 285.7 45.0 19.7 48.6 16.9 7.0 857.0 134.9 59.0 145.7 50.8 20.9 1,161.3 

Low Flux Cu 1 4,719.0 148.7 8.5 22.9 2.0 1.9 14157 446.1 25.53 68.76 6.144 5.667 14,709 

Low Flux Cu 2 423.5 1,169.0 64.3 4.8 1.1 0.9 1270.5 3507 192.87 14.541 3.324 2.844 4,991 

Low Flux Cu 3 4,937.0 249.5 25.8 4.9 1.4 1.1 14811 748.5 77.4 14.556 4.272 3.15 15,659 

average 3,359.8 522.4 32.9 10.9 1.5 1.3 10079.5 1567.2 98.6 32.619 4.58 3.887 11,786 

95% conf. 2,880.2 636.2 32.3 11.8 0.5 0.6 8,640.6 1,908.7 96.9 35.4 1.6 1.8 6,680.9 

High Flux Cu 1 4,469.0 294.5 17.4 29.0 2.2 1.4 13407 883.5 52.29 86.88 6.462 4.155 14,440 

High Flux Cu 2 2,485.0 205.6 14.4 11.3 2.8 2.3 7455 616.8 43.14 34.02 8.313 6.78 8,164 

High Flux Cu 3 1,072.0 553.8 12.1 59.3 2.7 2.9 3216 1661.4 36.27 177.78 8.166 8.802 5,108 

average 2,675.3 351.3 14.6 33.2 2.5 2.2 8026 1053.9 43.9 99.56 7.647 6.579 9,238 

95% conf. 1,931.0 204.7 3.0 27.4 0.4 0.9 5,793.1 614.2 9.1 82.3 1.2 2.6 5,383.7 

Low Vel. w/Flux1 1,717.0   21.7 27.1 18.3 9.0 5151   65.1 81.39 54.87 27.099 5,379 

Low Vel. w/Flux 2 1,346.0   14.9 17.5 12.4 7.1 4038   44.67 52.47 37.17 21.246 4,194 

Low Vel. w/Flux 3 1,548.0   28.6 20.7 15.6 11.0 4644   85.83 62.1 46.86 33 4,872 

average 1,537.0   21.7 21.8 15.4 9.0 4611   65.2 65.32 46.3 27.115 4,815 

95% conf. 210.2   7.8 5.6 3.3 2.2 630.6   23.3 16.7 10.0 6.7 673.3 

High Vel. w/Flux 1     45.7 15.6 9.2 6.1     137.19 46.65 27.702 18.321 230 

High Vel. w/Flux 2     42.6 60.2 15.1 7.9     127.89 180.57 45.24 23.841 378 
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High Vel. w/Flux 3     52.5 17.3 14.9 6.9     157.56 52.02 44.64 20.673 275 

average     47.0 31.0 13.1 7.0     140.88 93.08 39.194 20.945 294* 

95% conf.     5.7 28.6 3.8 1.0     17.2 85.8 11.3 3.1 85.6* 

* Week 1 of data was inadvertently not collected, but lead trends indicate that high flow with flux leached more lead than low flow with flux by at least 1.5-2.0 

times. 

 

Table B.2  

Week 1 

     
NSF Test Condition Issue being tested 

Lead 

Conc. 

(µg/L) 

Lead 

Mass 

(µg) 
"Normalized" 

X's larger 

than NSF 

standard 
Valve only  

 NSF 61 protocol 48 1.4478 0.0599 1 

Valve only with Flux 1 Presence of Flux 9,127 82 2.2818 57 

Valve only with Flux 2 Presence of Flux 168,300 1,515 42.0750 1046 

Valve only with Flux 3 Presence of Flux 7,583 68 1.8958 47 

Valve connected to PVC pipe (1 L) Diffusion 10 10.5 2.6167 7 

Valve connected to Cu pipe (1 L) Diffusion with Galvanic Connection 4 4.2 1.0415 3 

 Valve connected to PVC pipe with flux Diffusion with Flux 968 968 242.03 669 

Valve connected to Cu pipe with ‗low‘ flux Diffusion with Flux and Galvanic Connection 3,882 3,882 970.56 2681 

Valve connected to Cu pipe with ‗high‘ flux Diffusion with Flux and Galvanic Connection 3,027 3,027 756.66 2091 

Valve connected to Cu pipe with low flow Diffusion with Galvanic Connection and Low Flow 5 4.8 1.1890 3 

Valve connected to Cu pipe with high flow Diffusion with Galvanic Connection and High Flow 18 18.0 4.5108 12 

Valve connected to Cu pipe with low flow & flux 
Diffusion with Flux , Galvanic Connection and 
Low Flow 1,537 1,537 384.25 1062 

Valve connected to Cu pipe with high flow & flux 
Diffusion with Flux , Galvanic Connection and 

High Flow 
- - - -* 

* Week 1 of data was inadvertently not collected, but lead trends indicate that high flow with flux leached more lead than low flow with flux by at least 1.5-2.0 

times. 

      Week 3 

     

NSF Test Condition Issue being tested 
Lead 

Conc. 

(µg/L) 

Lead 

Mass 

(µg) 
"Normalized" 

X's larger 

than NSF 

standard 

Valve only   NSF 61 protocol 23.0 0.6912 0.0435 1 



72 

 

Valve only with Flux 1 Presence of Flux 13,390.0 121 3.3475 174 

Valve only with Flux 2 Presence of Flux 34,560.0 311 8.6400 450 

Valve only with Flux 3 Presence of Flux 1,501.0 14 0.3753 20 

Valve connected to PVC pipe (1 L) Diffusion 16.6 16.6 4.1408 24 

Valve connected to Cu pipe (1 L) Diffusion with Galvanic Connection 3.2 3.2 0.8000 5 

 Valve connected to PVC pipe with flux Diffusion with Flux 38.5 39 9.6250 56 

Valve connected to Cu pipe with ‗low‘ flux Diffusion with Flux and Galvanic Connection 32.9 33 8.2250 48 

Valve connected to Cu pipe with ‗high‘ flux Diffusion with Flux and Galvanic Connection 14.6 15 3.6500 21 

Valve connected to Cu pipe with low flow Diffusion with Galvanic Connection and Low Flow 7.6 7.6 1.8943 11 

Valve connected to Cu pipe with high flow Diffusion with Galvanic Connection and High Flow 11.0 11.0 2.7458 16 

Valve connected to Cu pipe with low flow & flux 
Diffusion with Flux , Galvanic Connection and 

Low Flow 21.7 22 5.4250 31 

Valve connected to Cu pipe with high flow & flux 
Diffusion with Flux , Galvanic Connection and 

High Flow 47.0 47 11.7500 68 
 

Week 5 
     

NSF Test Condition Issue being tested 
Lead 

Conc. 

(µg/L) 

Lead 

Mass 

(µg) 
"Normalized" 

X's larger 

than NSF 

standard 

Valve only   NSF 61 protocol 219.8 6.595 0.2726 1.0 

Valve only with Flux 1 Presence of Flux 2793 25 0.6983 2.6 

Valve only with Flux 2 Presence of Flux 21,820.0 196 5.4550 20.0 

Valve only with Flux 3 Presence of Flux 350.0 3 0.0875 0.3 

Valve connected to PVC pipe (1 L) Diffusion 4.7 4.7 0.3910 1.4 

Valve connected to Cu pipe (1 L) Diffusion with Galvanic Connection 1.7 1.7 0.1407 0.5 

 Valve connected to PVC pipe with flux Diffusion with Flux 15.3 15 1.2741 4.7 

Valve connected to Cu pipe with ‗low‘ flux Diffusion with Flux and Galvanic Connection 1.3 1 0.1080 0.4 

Valve connected to Cu pipe with ‗high‘ flux Diffusion with Flux and Galvanic Connection 10.0 10.0 0.8326 3.1 

Valve connected to Cu pipe with low flow Diffusion with Galvanic Connection and Low Flow 9.4 9.4 0.7805 2.9 

Valve connected to Cu pipe with high flow Diffusion with Galvanic Connection and High Flow 2.2 2 0.1828 0.7 

Valve connected to Cu pipe with low flow & flux 
Diffusion with Flux , Galvanic Connection and 
Low Flow 9.0 9 0.7532 2.8 

Valve connected to Cu pipe with high flow & flux 
Diffusion with Flux , Galvanic Connection and 

High Flow 7.0 7 0.5818 2.1 
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