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ABSTRACT 
 

This paper explores three cases of cuprosolvency, defined as accelerated, and generally uniform corrosion of 
copper or copper-based plumbing materials.  Its contributory factors differ from those associated with other 
corrosion mechanisms involving copper or its alloys.  Multiple water attributes in various and sometimes 
unexpected combinations were implicated.  Recent highly publicized problems in U.S. cities involving high lead 
content in water often occur in tandem with high copper, although the former is of far more serious health 
consequence.  
 
Three situations involved very different root causes and impacts: (1) copper pipe wall thinning throughout a 
university campus due to specific attributes of the municipal water in combination with the university’s operations 
of hot water recirculating systems; (2) a vacation community’s problem with exceedances of the USEPA Action 
Level for copper in potable water resulting from a transient drop in pH of the source water; and (3) newly-imposed 
copper discharge limits leading a small city’s wastewater plant to look upstream to the city’s industrial and 
residential users for cuprosolvency effects.       
 
Key words:  cuprosolvency, aqueous corrosion, corrosion mitigation, building water systems.  
 
 

INTRODUCTION 
 

Cuprosolvency can be most simply defined as accelerated corrosion of copper in water.  The deleterious effects 
go far beyond blue-tinted water or stained porcelain, and include severe pipe wall thinning or localized damaged 
at pipe joints and geometry changes.  Leaks and frequent pipe replacements can result.  Contributory factors of 
cuprosolvency differ in many respects from pinhole corrosion and some other localized corrosion mechanisms.  
Several chemical attributes of the water or combinations thereof have been implicated, although not always the 
same ones.  Modern water treatment practices including operational and design issues introduce avoidable risks 
for cuprosolvency, as discussed in the case studies.      
 
Munn1 has pointed out that cuprosolvency refers to the high general corrosion rates of copper; with the 
simultaneous release of elevated levels of dissolved copper in the water.  Blue water or blue-tinted water, on the 
other hand, is the term used to describe the discoloration of both the water, and the sanitary fittings plus other 
components.  Cuprosolvency and blue water are not identical, but they are related phenomena nonetheless.  
Munn stated that cuprosolvency is caused primarily by acidic waters.  In flowing conditions below pH around 6, 
the protective copper (I) oxide does not form.  High carbon dioxide levels in water can lower the pH sufficiently 
to cause cuprosolvency.  Very low bicarbonate concentrations can have the same effect.      
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Mann stressed that it is much easier for protective layers to form in flowing, fresh aerated water.  Cuprosolvency, 
as well as the formation of poorly protective, loosely adherent layers, are much more likely under conditions of 
stagnant water.  This is particularly prevalent in the early period after installation of the copper piping.   
 
Schock, Lytle and Clement2 performed a detailed study of the effect of pH, dissolved inorganic carbon (DIC), 
orthophosphate, and sulfate on cuprosolvency of drinking water.  They developed a solubility model for copper 
in drinking water, which is both qualitatively and quantitatively consistent with the available data for copper 
dissolution and precipitation.  They found that the concentration of Cu (I) ion is dominated by Cu2O(s) or CuOH(s) 
solid phases, plus soluble aqueous ammonia and chloride complexes.  In relatively new copper piping systems, 
the concentration of Cu(II) ion is primarily controlled by Cu(OH)2(s) (cupric hydroxide), rather than CuO(s) 
(tenorite) or Cu2(OH)2CO3(s) (malachite). They also found that the complexation of Cu (II) ion by DIC and 
hydroxide ion is extremely important.  
 
Experimentally, Schock, Lytle and Clement found that increases in DIC (a parameter which is not exactly the 
same as alkalinity, but is related) are shown to cause significant increases in copper solubility in the pH range of 
7 to 10.  Water utilities must often trade off increasing cuprosolvency by DIC addition to ensure adequate 
buffering intensity in the finished water.  A sufficient dosage of orthophosphate in the pH range of 6.5 to 7.5 may 
reduce cuprosolvency.  Sulfate may assist in controlling cuprosolvency under some chemical conditions, or it 
may interfere with the formation of cupric hydroxide films under mildly alkaline conditions.  Dissolved oxygen and 
residual chlorine play complicated roles in determining copper concentrations after various standing times.  
Typically, a 48 to 72-hour standing time is required to achieve equilibrium copper levels in disinfected water 
systems. 
 

 
CASE STUDIES OF CAUSES AND EFFECTS OF CUPROSOLVENCY 

 
Case Study 1 – Copper Pipe Wall Thinning Throughout a University Campus 
 
A comprehensive investigation was undertaken into the causes of accelerated failure of copper pipes throughout 
a Midwestern university campus.  The university was served by a small, local municipal water treatment plant 
(WTP), whose records showed there to be nothing unusual or alarming about the water quality, except for very 
high alkalinity.   The main issue plaguing the university was the high frequency of very premature copper pipe 
failures, resulting from a combination of excessive wall thickness and localized pitting at pipe junctions.  The 
problem largely affected newer installed piping in recirculating hot water systems in large academic and 
residential buildings, manifesting as frequent leaks and requiring countless pipe replacements. Cuprosolvency-
related problems were also reported at distal locations within the municipal water service district. 
  
Water sampling and testing was a critical part of the overall project scope.  Selected results (from among many 
samples analyzed) are listed in Table 1.  Those analytes believed to have an effect on cuprosolvency were of 
greater focus, and three of the most relevant are pH, alkalinity and orthophosphate: 
 

1) pH is a very important factor with respect to copper corrosion and cuprosolvency, but by no means the 
only major factor.  The pH of the local water was mid-range. 

 
2) Total Alkalinity is commonly believed to be protective to copper, when in the general range of 50-100 

mg/L (as CaCO3).  When far above that range, there is strong evidence that alkalinity actually promotes 
cuprosolvency.  The municipal water was extremely high in total alkalinity, approaching 300 mg/L as 
CaCO3. 
 

3) Orthophosphate is an important WTP additive in mitigating copper uptake into the water within buildings’ 
plumbing systems.  Orthophosphates must be distinguished from polyphosphates – which are essentially 
polymers of orthophosphate – because the two forms of phosphate serve very different functions.  With 
respect to mitigating cuprosolvency and general copper corrosion, the orthophosphate form is the 
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important version.  There was an early suspicion that the orthophosphate levels may need to be higher 
in order to more effectively protect copper in high alkalinity water 

 
Table 1 

Representative Water Analyses from Cuprosolvency Investigation  
 

     Analyte 
On-Campus Building: 

Hot Recirculating 
Water Treatment 

Plant 

Total Hardness as CaCO3, ppm 169 131 

Calcium as CaCO3, ppm 110 84 

Magnesium as CaCO3, ppm 59 48 

Ammonia as NH3, ppm <0.01 <0.01 

Potassium as K, ppm 1.12 1.12 

Sodium as Na, ppm 106 103 

  Conductivity, micro-Siemens/cm (µS/cm) 833 828 

Total Iron as Fe, ppm 0.03 0.04 

Total Copper as Cu, ppm 0.36 0.01 

Total Zinc as Zn, ppm 0.01 <0.01 

Total Manganese as Mn, ppm < 0.01 <0.01 

Phenolphthalein Alkalinity as CaCO3, ppm 0 0 

Total Alkalinity as CaCO3, ppm 260 270 

Chloride as Cl, ppm 42 40 

Fluoride as F, ppm 0.66 0.38 

Ortho Phosphate as PO4, ppm 0.92 0.84 

Total Phosphate as PO4, ppm 0.92 1.08 

Silica as SiO2, ppm 34 31 

Sulfate as SO4, ppm 43 42 

pH 7.9 7.7 

Langelier Saturation Index LSI at 68°F (20°C) +0.28 -0.02 

 
Numerous specimens of removed copper pipe exhibited varying corrosion damage morphologies.  Key 
exemplars were characterized and subjected to forensic laboratory analysis. The analyses included 
metallographic examination of pipe samples, scanning electron microscopy in combination with energy 
dispersive spectrometric analysis (SEM/EDS), and x-ray diffraction (XRD). The study involved the 
aforementioned chemical analysis of water samples obtained from the underground storage tank feeding the 
campus, from taps around campus and beyond, and the WTP.  The laboratory phase included corrosion testing 
of copper exposed to the subject water with and without additional chemical modification, and also to the 
laboratory’s moderate-alkalinity tap water after adjustment to very high pH. 
 
Figure 1 shows the visual results of the immersion testing of copper mesh.  Admittedly, this kind of testing is 
static in nature, not fully reflective of copper pipe aging over months and years under dynamic flow conditions, 
but it did provide some useful information. The protective properties of the ultra-high pH water are evident in the 
heavier and dark corrosion product that formed.  The color of the copper mesh has more Informational value 
than anything else.  The reduced-alkalinity sample also resulted in an increased Cu2O formation. Conversely, 
the untreated campus municipal water appeared to produce the least oxide surface film formation and a more 
electronegative (active) potential, as measured using a half-cell reference electrode.  Both properties tend to 
confirm its cuprosolvent properties.   
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Figure 1: Photos from immersion corrosion testing at 150°F (66°C) in various water samples over 72 
hours.  The copper mesh submerged in the untreated campus municipal unmodified water maintained 

the brightest appearance, likely indicative of its more cuprosolvent tendency. 
 

Test #1: Campus water – 
unmodified; the bright surface 

coloration indicates the lack of a 
passive layer 

 

Test #2: Campus water – 
alkalinity reduced by over half 
with aluminum sulfate (alum) 

 

Test #3: Testing of moderate 
alkalinity lab tap water – pH was 
increased by adding NaOH; the 
dark color is likely indicative of 

passive film formation 
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Laboratory testing was conducted on selected pipe and other physical samples – mainly hot water pipes, but 
also including pipe joints and plumbing appurtenances – that represent various manifestations of the corrosion 
damage.  These problems are due to a combination of uniquely corrosive (to copper and copper-based alloys) 
campus municipal water, but the study showed the important contribution of operational factors such as 
excessive water flow velocity. 
  
Figure 2 shows an extreme example of uniform wall section loss where all the protective scales have been 
removed.  The pipe was from a 1-inch (25 mm) split-open, domestic hot water return (DWHR) pipe section 
displaying over 70% uniform wall thinning, and this piece appeared to be from a solder connection.  
 
Figures 3 and 4 show two other observed conditions, whereby localized, axially-oriented banding occurred.  The 
bands were surrounded by the protective copper oxide layer that remained intact, at least when the pipe was 
removed from service.  The image in Figure 3 shows the internal surface of a 1½-inch (38 mm) DHW copper 
pipe which exhibited two perfectly straight and continuous bands.  The silica-containing outermost scale has 
been eroded away and has thus exposed the underlying copper metal to the cuprosolvent water, resulting a 
significantly thinned portion of the copper pipe wall.   
 
Figure 4 shows another instance of axially-oriented damage, but where the pitted areas are not fully continuous.  
This particularly insidious damage is not inconsistent with some influence of gaseous cavitation mechanism.   
This proposed mechanism involves the release of dissolved carbon dioxide (CO2) from the hot water, often a 
result of low-pressure zones in turbulence-creating geometry changes.  This release of gas pockets from very 
hot water, at temperature required for robust recirculating systems, can create localized cavitation impacts that 
manifest as smooth eroded features of linear or crater-like forms.  Both are the result of mechanical removal of 
the surrounding, protective outer layers.  This theory was strongly supported by actual, measured concentrations 
of dissolved carbon dioxide in the campus water.  Based on graphical data plots, the CO2 concentrations were 
definitely over-saturated with respect to the water’s pH, temperature, and total alkalinity.   
 
Figure 5 shows the damage caused by changes in geometry within the piping system.  In this case it was a 
welded or brazed joint with burred sharp edges and gaps.  Non-uniform joint fit-up can also be a factor creating 
non-laminar flow.  Discontinuities like this can create flow disturbances that cause deleterious turbulence and 
localized corrosion pitting within the joint, ultimately resulting in leaks.  Another feature found during SEM 
microscopic examination of this sample was indicative of gaseous cavitation – refer to the scanning electron 
micrograph taken from within a pitted area adjacent to the joint, showing uniquely smooth rounded features.   
  
The water flow velocity in a copper tube must be kept within certain limits to avoid erosion, corrosion and 
excessive noise generation, and temperature begins to play an important role above 120ºF (49ºC).  The increase 
in average hot water recirculating temperatures over the past number of years – dictated by government 
requirements for sanitary / hygiene reasons – more than likely has introduced a risk factor that contributed to a 
significant degree to the high rate of copper pipe failures at this university.  The goal in each case must be to 
achieve a flow velocity in the return line appropriate to the water temperature.  For 140ºF (60ºC), that would be 
under 2 feet per second (0.61 meter per second), with due consideration to the aforementioned geometry 
changes and discontinuities.  Figure 6 shows data obtained using an ultrasonic flowmeter on a 1-inch (25 mm) 
Type L pipe run.  Disturbingly, the digital display from the nearby recirculating pump was reading 4 GPM (18 
liters per minute), which is nearly 40% lower than the measured flow rate. 
 
In summary, this study identified major contributors to pervasive corrosion failure of copper piping. The primary 
cause is water chemistry that is highly cuprosolvent, i.e., conducive to dissolving copper from the interior pipe 
surface into the water.  The cuprosolvency is regularly reflected in elevated copper concentrations in water even 
further out in the district, although the levels were almost all below the potable limit of 1.3 mg/L (ppm) as per 
Safe Drinking Water Act (SDWA) guidance for secondary contaminants.  The chemical makeup of the local 
municipal water that makes it so cuprosolvent is based on an adverse combination of high alkalinity and 
moderate-to-low pH.   
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Figure 2: Image of 1-inch (25 mm) DWHR (Domestic Hot Water Return) pipe section after longitudinal 
sectioning. This piece of pipe exhibited over 70% uniform wall thinning. Note flow-induced 
“horseshoe” pit features shown in yellow boxes. The open ends of the “horseshoes” face 

downstream; meaning that the direction of water flow is from right to left in this photo. 
 
 

 
 

Figure 3: Image of 1½-inch (38 mm) Domestic Hot Water (DHW) copper pipe section from campus 
housing. Micrometer measurements show thickness loss of approximately 10% below the nominal 

Type L thickness 0.060-inch +/- 0.006-inch; (1.5 mm +/- 0.15 mm) and greater than 30% thickness loss 
in the banded grooved areas – there were two ½-inch (13 mm) wide axial bands located approximately 

90 degrees apart.  Several flow-induced pits are indicated by green arrows. 
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Note severe wall thinning in photo below, along continuous axial bands (green oval) relative to the 
original wall thickness (Type L → 0.060-inch +/- 0.006-inch = 1.5 mm +/- 0.15 mm) and in deep 

discontinuous pits (red arrows).   Point micrometer measurements show readings slightly under 0.020-
inch (0.51 mm) in one of the deepest pits, approaching 70% reduction. This section was removed from 
near a pipe connection, which may have introduced turbulent flow in combination with excessive flow 
velocity, thus resulting in the observed condition.  Gaseous cavitation due to high dissolved carbon 

dioxide in the water may have contributed to this stripping mechanism, see below: 

 
 
 

Brown top layer at mag. 400x – The SEM/EDS data are for the light brown outer oxide layer of internal 
deposit.  In addition to high silicon, note also the presence of relatively high manganese, see below: 

  
 
 
Pink-purple under-layer at mag. 400x – The SEM/EDS data below represent the thinned internal surface 

(purple color) under the outer silicon-rich copper oxide layer; it is largely plain copper with limited 
oxide content.  The surface shows an apparent flow pattern from erosion caused by the flow of water: 

 
 

Figure 4: Type L, 1½-inch (38 mm) copper Domestic Hot Water (DHW) pipe section that exhibited 
severe metal thinning and pitting along axial bands. Note: X-ray diffraction analysis of the thick 

internal surface layer indicated that Cu2O (cuprous oxide with Cu+1 valence state) was the predominant 
copper oxide phase. 
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SEM image and elemental spectrum of tee section from pitted area at mag. 618x: 

   
 

 
Figure 5: Photos of 1½-inch (38 mm) brazed tee pipe joint. 

Surface potential of outer 
olive drab deposit layer 

was -398 mVCSE, which is 

less electronegative (less 
corrosion-active) than the 
(more active) underlying 

pink/purple layer 
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Figure 6: Water flow measured in a Domestic Hot Water (DHW) return line (1-inch / 25 mm, Type L) at 
131°F (55°C).  The flow rate is borderline high and may be contributory to copper pipe damage in hot 

cuprosolvent water containing high dissolved carbon dioxide. 
 
 
Excessive flow velocity and/or turbulence in combination with the cuprosolvent municipal water chemistry plus 
gaseous cavitation creates a very adverse situation that – as supported by this study’s findings – accounts for 
the university’s corrosion-erosion issues with copper pipe.  However, the cuprosolvent water chemistry was 
believed to be the overriding factor.  
 
It was recommended on a university-wide basis to monitor and to adjust flow velocities accordingly, maintaining 
levels appropriate to system operating temperatures, and based on accepted guidelines (specified later in the 
report) to avoid erosion, corrosion, and excessive turbulence.  This may involve changing pump outputs, 
replacement of oversized pumps, or modifying pipe hydraulics.   
 
Given the demonstrably cuprosolvent water, it is was also recommended that the WTP be asked to increase the 
feed of orthophosphate treatment from approximately 1 part per million (see Table 1) to approximately 3 ppm.  
Reduced copper corrosion related to development of more robustly protective oxide scales can be attained by 
significantly increasing pH, as in the following Case Study 2.  However, increasing pH at the water treatment 
plant is not recommended because of possible interactions between elevated pH and other water chemistry 
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attributes (such as its abnormally high alkalinity), and the ever-present risk of unintended long-term 
consequences.   
 
Case Study 2 – Vacation Community Exceeding EPA Action Level for Copper in Potable Water 
 
The potable water requirements of a small northeastern vacation community were served by two wells and two 
above-ground storage tanks, one of which was elevated. A hypochlorite-based disinfectant was added. There 
were no other additions and no pH-monitoring. This system had been in service for over 40 years and generally 
had been trouble-free.  
 
Beginning in December, residents began noticing a blue coloration to their potable water as well as blue staining 
of toilets.  It was not constant at first, but frequent enough to be noteworthy.  Anecdotally, incidents of blue water 
had occurred in the past but for short periods; but this event was lasting for days, then weeks.  Eventually the 
coloration and taste of the water became of great concern and the local health official and the state EPA became 
involved. Testing found levels of dissolved copper in excess of the 1.3 mg/L USEPA Action Level, with some 
results above 10 mg/L.  A no-drink advisory was enacted, and there was considerable consternation throughout 
the community as potable water had to be trucked in for potable uses over a period of weeks. 

 
Early sampling and testing found that the pH of the water from both wells had dipped below 6.0 for a period of 
time in December, but by early January had recovered close to their “normal” levels.  These findings came from 
samples taken from locations within the system with low or no turnover, most notably, residences that had been 
unoccupied for the prior month, or following the Christmas holiday. 
 
Another interesting question, which was never fully answered, was what hydrogeological factor or factors may 
have caused the aquifer-sourced water pH to drop so dramatically into the acidic range on at least the one, but 
perhaps several occasions over the years. 
 
The initial suspicion that low pH was the cause of the high levels of dissolved copper proved to be correct.  Onsite 
and laboratory testing confirmed a number of potential water attributes including pH, chlorides, sulfates, 
alkalinity, hardness and MIC (microbiologically-influenced corrosion).  Testing further established that by raising 
the pH, the copper levels would return to “normal” levels.  This was a textbook case of pH-related cuprosolvency. 
 
A recommendation was made to feed an alkaline material with its addition controlled by pH-monitoring.  Both 
were adopted.  The specific alkaline material adopted was potassium hydroxide (KOH).  Based on laboratory 
testing, for each of the two wells an initial target range of pH of was recommended: 8.4 to 8.8 for one, and 8.2 
to 8.5 for the other. 
 
Shortly after the KOH feed and control was initiated, the treated water entering the system did not evidence 
cuprosolvency.  It seemed that the problem was solved and that within a short period, the system would be back 
to normal.  Water sampling continued at residences selected in the service area.  Certain zones were responding 
as expected, with pH levels steadily climbing towards the target as copper decreased.  However, in other areas 
the pH didn’t budge, and copper levels continued to be problematic. 
 
A secondary investigation was launched to understand these results.  First, additional residences were selected 
in the sub-zones that were not responding as expected.  The primary focus for each sample location was the 
relationship of pH and dissolved copper, as well as sampling time-of-day.  Graphical analysis of all the data 
proved to be unhelpful at first (see Figure 7), except that hidden within the cluster of points, there appeared to 
be patterns.  By examining data street-by-street, patterns became evident.  Figure 8 provides an example of two 
sub-zones in which copper levels declined with the increasing pH, as expected.  After identifying the well-
behaving sub-zones, and subtracting them from the total data set, the general unresponsive trend shown in 
Figure 9 was the result. 
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Figure 7: Copper vs. pH – all data, first-draw samples. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8:  Copper vs. pH – two responsive sub-zones. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Copper vs. pH – unresponsive sub-zones. 
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With this discovery, attention shifted to the sub-zones in which pH and dissolved copper were not responding. 
Time-of-day and location with respect to the storage tanks became primary issues of interest. 
 
The difference in turnover rate – or hydraulic residence time, to be precise – of the storage tanks proved to be 
the critical factor.  It was determined through testing that the rate of water entering the elevated storage tank 
was too low relative to its volume, such that the pH within that tank was taking an unexpectedly long time to 
modify.  
 
The seasonality of the community led to low occupancy in some sub-zones served primarily by that tank.  
Furthermore, those sub-zones were receiving water at certain times of day from one storage tank, and from the 
second tank at other times of day.  This resulted in significant swings in the pH of water entering the residences, 
a condition that can worsen cuprosolvency as incipient protective films are stripped away or otherwise prevented 
from developing.  Eventually, if unchecked this cycling leads to significant wall thickness loss as well. 
 
As a measure of the effect of this time delay due to the hydraulics of the overall system, most of the service area 
reached pH 8.0 within nine days of KOH-feed initiation.  However, by comparison the problematic sub-zones 
took more than 60 days to reach the targeted pH with the consequent benefit of sufficiently reduced, first-draw 
copper concentration. 
 
This case study is a good example of when the chemistry is simple, but the implementation is unexpectedly 
difficult. 
 
Case Study 3 – Wastewater Treatment Plant Efforts to Look Upstream to Industrial and Residential 
Users’ Cuprosolvency Effects 

A small northern city with mainly residential water use, but also some light and heavy industrial activity, was 
faced with the challenge of reducing the copper levels of treated wastewater within a relatively short time frame.  
A NPDES (National Pollutant Discharge Elimination System) discharge limit had been recently imposed with 
respect to the sensitive receiving stream, considering potential toxicity on aquatic life and the stream’s hydraulic 
(dilution) characteristics.  The new mandate was in no way related to potable water quality, because the total 
copper concentration in the municipal water readily conformed to below EPA’s 1.3 part per million (1300 parts 
per billion) limit for potable use.   

The unique situation faced by the city involved cuprosolvency of much lower magnitude compared to the previous 
two case studies reviewed in this paper.  In the present circumstance, the challenge in achieving compliance 
was to reduce total copper in the effluent to a specific numerical limit that was below 20 parts per billion. This 
challenge prompted studies into municipal WWTP practices, including a chemical sequestration process.  

The main focus of this study, however, involved factors upstream of the WWTP – specifically, how copper loading 
on the WWTP might possibly be reduced by changes affecting, and affected by, the water district’s potable and 
industrial consumers.  The goal was ultimately to reduce cuprosolvency to very low levels starting at the water 
treatment plant (WTP), and likely by several changes working in tandem.  Study activities included: 

• Overview of both the water and wastewater treatment processes, to determine possible sources of 
accumulating copper from within the distribution system 

• Analysis of potable water for copper and other key chemical attributes and corrosivity from water 
sampled within the distribution system 

• Laboratory corrosion testing of the local water with respect to copper – including comparing results to 
the same water after chemical additions 

• Provide specific ideas on practically achievable modifications to water treatment and distribution that 
may reduce cuprosolvency, and provide recommendations on monitoring of copper corrosion 

In this study, three key parameters were identified under WTP’s control and that may reduce copper leaching 
into potable water: (a) pH, (b) alkalinity, and (c) phosphate additive.  Moderately increasing pH and alkalinity was 
recommended for consideration, though with great caution because prior such efforts reportedly resulted in 
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adverse effects within the distribution system. A modest increase in alkalinity was suggested because the study 
authors anticipated a very limited effect on reducing cuprosolvency by raising pH alone, without an increase in 
total alkalinity from WTP’s very low output levels (under 30 mg/L as CaCO3).  Figures 10 and 11 show the results 
of a laboratory study to assess the effect of alkalinity increase. 

An important observation is that the beneficial effect of increasing the alkalinity from the current very low levels 
to reduce cuprosolvency was different from the deleterious effect of very high total alkalinity from Case Study 1.  
However, as with Case Study 1, a recommendation was made for the WTP to undertake a system-wide study 
on the effects of increasing the orthophosphate level in the finished water in order to reduce copper uptake. 

A modest waterway (called a creek) extended from northwest to southeast through the city; this was the same 
waterway that receives the treated WWTP effluent upstream.  There was evidence suggesting higher copper 
levels entering the sewer system from residences and facilities south of the creek compared to those located 
north of the creek. This finding was based on mapping of first-draw copper readings throughout the district, 
although exploring a root cause was beyond the scope of this study.  Figures 12 and 13 show graphs that go 
even further – by suggesting correlations among distance, phosphate (corrosion inhibitor) retention throughout 
the district, and the material of construction for the water mains.  These findings may provide additional guidance 
in understanding how copper increases from the WTP through the distribution system all the way to the WWTP, 
where it is difficult to achieve reduction without special treatment practices.  
 
 

CONCLUSION 
 
The case studies presented in this paper show that cuprosolvency is a complex problem in building water 
systems often requiring specialized mitigation measures to control subtle factors in water chemistry.  Not only is 
cuprosolvency a corrosion problem that in some cases can lead to excessive repair and replacement of copper 
piping, but it can be a human health and/or environmental problem, including monitoring and maintaining total 
copper below the EPA Action Level.  Keeping water systems in service while preventing cuprosolvency and other 
copper corrosion mechanisms requires an awareness and general understanding of root causes such as 
municipal water chemistry or inadequate treatment.  
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Figure 10: Static beaker tests of cuprosolvency of copper mesh (material was chosen for its high 
surface area) in study water that was lab-treated to several levels of pH and alkalinity. 

 
 
 

 
 

Figure 11: Plot of dissolved copper versus alkalinity in lab tests (see previous figure) indicates that 
there is a likely advantage of increased alkalinity. The data show that the level of alkalinity needed to 

achieve ~50% reduction in cuprosolvency approaches 200 mg/L (as CaCO3), which probably is beyond 
the practical capability of the municipal water treatment plant (WTP). 
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Figure 12: Plot showing an unexpectedly strong relationship between 2013 first-draw copper data and 
distance from WTP; when considering only residences north of the creek flowing diagonally through 

the city.  These sampling locations were fed by concrete water mains. Interestingly, there was no 
statistically significant correlation for homes located south of the creek and fed by the cast iron main. 

The 2016 data showed a similar but less pronounced trend. 

 

Figure 13: Plot showing modest correlation between phosphate concentration and distance from WTP 
at various hydrant locations throughout the distribution system. Also consider this graph with respect 

to data showing a correlation between first-draw copper concentration and distance representing 
homes north of the creek. 
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