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Page iii — Last line—Change to read "Bibliography" 
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buildings." 
Page 6 — Paragraphs 2 and 3, last line —delete "(33)" 
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COPPER IN DOMESTIC WATER SYSTEMS 

(A Review) 

by  

John Ungar* 

ABSTRACT 

Som.e of the available published information 

on the subject of the use of copper pipe and fittings 

in domestic water supply systems is reviewed, and 

•  50 references are listed. The cause of corrosion 

of copper pipes, the cause of green staining (cupro-

solvency), and the inhibition of these difficulties 

are discussed. 

*Scientific Officer, Industrial Waters Section, Mineral Processing 
Division, Mines Branch, Department of Mines and Technical 
Surveys, Ottawa, Canada. 
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par 
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RÉSUMÉ 

L'aUteur donne un aperîu de certains des 

renseignements disponibles qui ont été publiés, dans 

50 ouvrages énumérés auxquels on renvoie le lecteur, 

au sujet de l'emploi de tuyaux et de raccords en cuivre 

de canalisations &eau de m.énage. Il traite de la cause 

de la corrosion et de la formation de taches vertes 

(cuprosolvabilité) et de l'inhibition de ces difficultés. 

*Agent scientifique, Section des eaux industrielles, Division du 
traitement des minéraux, Direction des mines, ministre des 
Mines et des Relevés techniques, Ottawa (Canada). 
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INTRODUCTION 

Copper water pipes have been used by man for, literally, 

thousands of years. In our modern buildings of today they are becom-

ing increasingly popular for the construction of water supply.lines. 

However, as the use of copper piping increases, so does the occurrence 

of copper corrosion and of green staining of baths, sinks and clothes. 

Com.plaints of green staining are fairly common where 

certain types of water are supplied through copper piping. The 

phenomenon is caused by copper dissolved in the water, derived either 

from pitting or from. general corrosion. 

Less frequent is the pitting corrosion of copper pipes, which, 

since it may cause costly failure and at the same time lends itself more 

easily to laboratory investigation, has been discussed in a considerable 

number of articles. However, green staining, which is the more 

annoying problem. for the general public, is only lightly touched upon 

in the literature. As the two problems obviously overlap, they are 

reviewed jointly in the following pages. 

These problems are of prim.ary interest to the householder, 

the builder, the plumber, and the water treatm.ent specialist. On the 

other hand, most large industrial plants would consult the water treat-

ment specialist in the first place, and should therefore not be troubled 

by this problem. 

A list of literature references is appended to this review. 

In addition to these, comm.ents were also received, in private 



communications, from Mr. H. S. Campbell of the British Non-Ferrous

Metals Research Association and Mr. B. A. Sard of the United Water

Softeners Ltd., both of London, England, and from. Mr. A. W. Tracy

of the American Brass Company, Waterbury, Connecticut, U. S. A.

OCCURRENCE OF COPPER CORROSION AND GREEN STAINING

IN CANADA

The Industrial Waters Section of the Mineral Processing

Division has,for some time, been conducting a survey of the chemical

quality of municipal water supplies across Canada. During the course.

of this survey a number of m.unicipaliti.es in various parts of the,

country have reported the occurrence, in varying degrees, of attack

by water on copper tanks, pipes and fittings. Others have reported

the absgnce of such problem.s.

Early in 1958, the Mines Branch was asked by the Division

of Building Research of the National Research Council of Canada, at

Ottawa, to look into the problem of "blue water" or "green staining".

Both the Division of Building Research and the Vancouver regional

station of the National Research Council had been receiving complaints

for some time with regard to copper hot-water systems. Background

notes onthis problem. in the Vancouver area were made available to

the Industrial Waters Section.

In May, 1958, an enquiry was received through the National

Research Council, from. New Westminster, B. C., accompanied by a

piece of cloth, originally white, which had suffered intensive green
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staining in a washing machine installed in a new house where the water 

system consisted of copper piping. 

This piece of cloth was stained uniformly, the discoloration 

having penetrated into the fibres themselves. Microscopic examination 

of the material showed that there was no film adhering to any of the 

fibres, nor were there any particiles occluded between the fibres. 

The intensity of the discoloration indicated that this piece of 

cloth had been subjected to a number of washes in a copper-bearing 

w,ater. Soaking in strong ammonia solution removed practically all of 

the stain within a few minutes; the ammoniacal extract thus 'obtained 

was then evaporated to dryness, and an X-ray diffraction study of the 

residue confirmed that the stain was caused by a copper compound. 

GREEN STAINING OR BLUE WATER 

Green staining problem.s (sometimes known as "blue water" 

problems) occur chiefly with waters that are regarded as corrosive to 

copper, or "cuprosolvent", and complaints usually mention one or 

more of the following observations: 

1. Blue tint in water drawn from pipe. 

2. Green stains on clothes being washed. 

3. Green soap scum on baths, sinks, etc. 

4. Greenish stains on porcelain or enamelled surfaces. 

It has been reported that such complaints arise where the 

water contains as little as 1 part of copper (by weight) dissolved in 

one million parts of water. 
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All the authorities consulted seem to agree that the problem 

of green staining of fabrics occurs chiefly when soap is used, since 

precipitated copper soaps will intensify the colour, and that staining is 

less likely to occur when soapless detergent products are used. 

Quiescent water, which may occur in so-called "dead-ends . " 

of pipes, will intensify the effect of a cuprosolvent water, because of - 

the prolonged contact time between such a water and the copper piping. 

Finally, staining may also be encountered with a normally 

non-corrosive water and new copper pipeWork, during the time it takes 

for a continuous protective coating to be formed on the inside of the 

pipe. 

GENERAL CORROSION AND PITTING 

While green staining is a form of slow, general corrosion, 

instances of more serious localized corrosion—particularly pitting-- 

occur from  time to tim.e, causing leaks which at times can result in 

quite con.siderable material damage. In this type of attack on copper 

pipe, the cause may involve not only the chemical action to which blue 

water problems are due, but also, c,r instead, physical, mechanical, 

or electrochemical effects. 

Effect of Faulty Pipework Construction and Design  

In a number of cases it has been found that corrosion of 

copper pipes has been promoted or enhan.ced by poor workmanship or 

design, such as bad joints, use of the wrong solder, or unnecessary 

"dead-ends". 
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It must also be recognized that copper has a poor impinge-

ment resistance and that, consequently, high water velocity may cause 

Licreased pitting due to erosion. 

Impurities and Galvanic Action 

Impurities present in the copper used for the manufacture 

of the copper pipe may be the cause of the formation of local elements 

(i. e. the setting-up of minute electrical cells) which cause corrosion. 

Thus, in the past, different batches of copper tubing have been affected 

In varying degrees by the same water. The manufacturers realise 

this and now adhere to very stringent, self-imposed specifications. 

A number of cases of pitting corrosion, investigated by 

various workers, particularly in Europe, were shown to be due to a 

film, of carbon which acted as a cathode. Such carbon films are 

caused by charring of residues of the drawing lubricant used in the 

manufacture of copper tubing. A similar effect is som.etirnes caused 

by a thin film of vitreous copper oxide, formed during annealing of 

tubing after drawing. These methods of manufacture are not generally 

used on the North American continent. 

Arrangements involving two or more different metals in a 

water system should be avoided in construction, as galvanic couples 

may be set up which will cause corrosion of pipes and fittings. In hot 

water lines, as little as one-tenth of a part of dissolved copper per 

million parts of water is said to be sufficient to form a deposit of 

copper on galvanized coating, causing pitting of the zinc coating and, 
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eventually, corrosion of the steel underneath. Deposition of metallic 

copper  from  a cuprosolvent water  will  also accelerate corrosion of 

aluminium kettles, iron pipes, and hot water tanks. 

The Effects of Temierature and Flow Rate 

The cuprosolvency of any water increases with rising 

temperature, and it is generally accepted that temperatures in exces.s' 

of 140°F will  increase the tendency towards attack. If the rate of 

corrosion of 'copper is plotted against water tem.perature, there is a 

sharp rise just above 140 ° F, and a maximum in the curve at about 

170°F (33). 

Additional troubles msaY be caused in copper hot-wate:r lines 

by fluctuating temperature, generally indicative of poor maintenance. 

Such fluctuations may cause breaks in any protective coating which 

m.ay have form.ed on the inside of the pipe, thus setting - up galvanic 

couples and increasing the rate of corrosion. 	 • 

Flow rate and temperature  will  exert a combined effect  on 

 copper pipe corrosion. As mentioned above, high water velocity m.ay 

cause erosion, while high temÈierature. at low water velocity may 

• produce pitting. On the other hand, high temperature combined with• 

high flow rate can cause increased attack, in the form of horseshoe. 

type pitting. • 	• 

Sorne authorities claim  that there is a peak in this combined 

effect. For 1/2 in. copper tubing this peak would be about 170°F and 

at 8 fps or above (83). • 
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EFFECT OF WATER QUALITY 

Because water quality affects all types of 'copper corrosion, 

it is discussed separately in the following rather than under the previous 

two main headings. 

Assurnin.g that any suspended m.atter will have been rem.oved 

from domestic waters prior to distribution, the effect of dissolved 

substances in the water must be considered. 

Water Hardness  

This property of water is due chiefly to dissolved calcium 

and magnesium salts, which may cause deposits and will precipitate 

soaps to form a curd instead of a lather. Such curds give rise to the 

• greenish scum noted on baths, sinks, etc. 

Hard waters, particularly those that have a high carbonate 

(tem.porary) hardness, tend to deposit a protective scale of calcium 

carbonate, possibly together with some basic copper carbonate form.ed 

from the copper initially dissolved from the tubing. Such a scale 

would not be permanent, however, if a Water of relatively high carbon 

dioxide content passed through the pipe. On the other hand, very hard 

waters may cause eXcessive deposition and thus clog the pipes. 

. Soft waters tend to be corrosive, and where ion exchange 

(base exchange) softening is used for treating domestic supplies it is 

usual to recommend blending the fully softened water with raw, un-

softened water. to a final hardness of between 3 and 7 grains per gallon 

(40-100 pprn in term.s of calcium carbonate). 
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In the case of most naturally occurring, low-hardn.ess 

waters, treatment is the only answer if copper is to be used in pipe-

work. 

Acidity of Water 

It is generally recognized that the use of waters of low pH - 

value (higher concentration of hYdrogen ions) with copper piping re-
! 

sults in trouble, and that such add waters,  e. g.  those with high carbon 

dioxide content, should be treat Ied before use. 

Some authorities state that to avoid attack the carbon. dioxide 

• concentration should be less than 2 ppm. 

It has been reported that no difficulties whatsoever were 

encountered, over a period of more than 3 years, in an all-copper hot 

water system where the water was consistently maintained at a pH of 

9 to 9. 5. 

With ,  a view to inhibiting attack in domestic systems, the pH 

may be raised to -between 8 and 9. 5 by the addition of sodium. Silicate 

solution, or by percolating the water through a filter containing-

alkaline materials such as gran.ulated sodium. silicate-alkaline glass 

or granulated, sintered  magne site.  Glassy phosphates, e. g.  sodium.. 

hexam.etaphosphate, are sometimes used as inhibitors. 

Dissolved Oxygen  

In most blue-water complaints, it has .been foun.d that the 

water is more or less Saturated with oXygen. Diss.olved oxygen  pro-. 

motes the corrosion of copper, and in short-term experim.ents the 
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effect of oxygen concentration is very pronounced. 

In industrial plants, various methods of de-aeration can be 

employed to combat this oxygen attack, including the simple expedient 

of adding reducing agents, but neither the use of additives nor the 

other methods are practical in domestic systems. In the latter case, 

the elevation of pH by the use of phosphates, referred to above, is 

generally adequate protection. 

Other Dissolved Gases 

Hydrogen sulphide, found in some natural waters, attacks 

copper. Corrosion due to the presence of excessive amounts of 

chlorine is increased by agitation and the presence of air, and it: 

must be noted that hypochlorites in dilute solution are strongly 

corrosive. 

Chlorides and Sulphates 

High chloride concentrations are known to produce corrosion 

in copper pipes--. at  times, even through protective films. It has also 

been reported that attack on copper occurs in the presence of chloride 

even though the actual concentration may be relatively low, but in 

normal domestic supply waters the concentration of chloride ion does. 

not usually affect the rate of corrosion. 

While sulphate does not attack copper, preliminary tests 

seem to suggest that among the other factors discussed, the sulphate-

chloride ratio may affect the copper-corrosive qualities of water. 

Examination of some analyses of waters of municipalities where either 

the occurrence or absence of copper corrosion has been reported seems 
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to support this theory. A high ratio apparently lessens the likelihood

of cuprosolvency. More work, including laboratory tests, is planned

on this subject.

Nitrogen Compound

Although low concentrations of nitrate are sometimes used

as inhibitors; high concentrations of nitrate and nitrite may attack

copper, particularly since under suitable conditions they may break

down to amm.onia.

The cuprosolvent effect of ammonia and its com.pounds.is so

well-known that it need hardly be mentioned.

Manganese and Iron

The presence of manganese in a water will be conducive to

attack on copper. Some authorities recommend that a -maximum limit

of 0. 10 ppm manganese should be imposed and that, if at all practicable,

the manganese should be comp]^^^tely removed from, the water.

Other workers have recommended an upper limit of 0. 1

0. 15 ppm. for the total concentration of m.anganes e and iron.

Chemical Additives

The effect of chemicals added for cleaning the system, or

for water conditioning, cannot be ignored, because without proper

control they may cause more harm than good.

In one particular case reported, a circulating hot water

system was dosed with various chemicals, including sodium sulpl:iite.

The latter was reduced by bacterial action to hydrogen sulphide, and
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extensive corrosion of this copper system resulted. 

Natural Inhibitors  

Some waters—mainly surface waters—contain certain 

organic chemicals which apparently act as inhibitors of copper corro-

sion or cuprosolvency, so that a water which would normally be 

expected to corrode copper pipes does not do so. The precise mechanism. 

of this protection has not been ascertained, but it has been suggested 

that these compounds induce formation of a cuprous oxide having a 

modified crystal, structure which forms a protective film on the metal. 

Although a number of papers have been published on the 

subject, these natural inhibitors have not been identified so far and it 

is not even certain whether they are of animal or vegetable origin. It 

has been established, however, that they show whitish...blue  fluorescence 

In ultraviolet light and that there is some connection between the in-

tensity of this fluorescence and the ammoniacal nitrogen content of the 

water containing the inhibitors. These inhibitors may be removed 

from the water by activated charcoal, or by coagulation followed by 

filtration through sand, but not by filtration alone. 

DRINKING WATER STANDARDS 

Even though a water may be corrosive to copper, normally 

it will not dissolve sufficient of the metal from the pipes to make it 

injurious to health. The upper limit recommended in the 5th edition 

(1943) of the standard text of Suckling (44)  is 1.4 ppm as copper (Cu). 

The United States Public Health Service specifies a maximum toleran.ce 
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of 3 ppm copper. It has been noted that above about 5 ppm  as Cu, a 

metallic taste in the water is apparent to most users. 

SUMMARY AND CONCLUSIONS 

Several factors have a tendency to cause attack on copper 

water pipes and fittings, and thus may promote green staining. The 

main chemical ones are: high carbon dioxide content, dissolved 

oxygen, high proportion of sodium to total cations, and the presence of 

iron or manganese. The presence of chloride ions will promote 

attack and the sulphatelchloride ratio (SO4:C1) may be one indication 

of the cuprosolvent qualities of a water. 

Certain organic compounds, as yet unidentified, may act as 

natural inhibitors. Raising the pH value will also tend to inhibit 

attack.- On the mechanical side, joints must be good, correct solder 

should be used, and films of carbon or of vitreous oxide (sometimes 

formed durin.g manufacture of copper tubing) should be absent. 

Temperatures should not exceed 140°F, nor fluctuate, and flow-rates 

should not be excessively high. 
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