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Sampling 
Drinking 

Water: 
Methods and 

Problems
Jerry Fritzke, Consulting Metallurgical and Corrosion Engineer, 

Walnut Creek, California

Water can acquire some aspect of every material it 

touches. Some of those materials are in such minute 

quantities, however, that they are virtually 

undetectable. Tis article discusses the importance of 

proper water sampling and analysis when 

investigating copper and lead concerns. 

W
ater is often called the univer-

sal solvent, and rightly so. 

One need only look at the 

canyons and rock formations 

of the world to see its effect. When water 

flows through a pipe or over a surface, the 

water can acquire some aspect of the 

material. Some of these materials are in 

such small quantities that they are very 

hard to detect. We have found that the 

sampling and analysis of water samples 

greatly affects the accuracy of the test 

results and subsequent conclusions. This 

article describes sampling and analysis 

methods that we have found to be effec-

tive when dealing with copper and lead 

constituents in water.

Copper
Several years ago, there was an inves-

tigation of the “Blue Water Problem”1 in 

several San Francisco Bay Area com-

munities where hundreds of new houses 

were being built. This problem had been 

going on for over a year because the 

water contained insufficient free chlorine 

to kill all the bacteria it contained. The 

problem was copper-tolerant bacteria 

that metabolized on the copper plumb-

ing materials. 

We found that sampling techniques 

were paramount to obtaining results that 

were meaningful. The first water sam-

ples were taken by gently opening a tap 

and allowing a liter or more of water to 

flow gradually into a large container. 

Analyzing this sample revealed very low 

levels of copper. We soon learned that 

removing the aerator and repeatedly 

opening and rapidly closing the faucet 

several times brought forth copious 

amounts of copper-containing blue wa-

ter. Copper compounds, loosely adher-

ing to the walls of the copper piping, had 

remained there during the more gentle 

sampling technique.

Low levels of copper were causing 

small animals to die and homeowners to 

develop a low-level malaise that doctors 
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could not diagnose. The copper levels 

were so low that they were visually unde-

tectable in a water glass, so most people 

didn’t realize what the real problem was. 

One woman told us that only after her 

small dog began drinking bottled water 

did its problem disappear.

The local Health Department became 

involved and stated that the water be al-

lowed to flow for a few seconds before 

sampling. Because there are only a few 

gallons of water in any house at any spe-

cific time, water from the main water 

supply in the street would soon be sam-

pled using this method. We took samples 

using several different testing modes and 

this persuaded the Health Department to 

agree with shocking the system with the 

aerator off. By doing so, we were able to 

find high copper levels not only in newly 

constructed homes but also in 25-year-old 

houses. We found the highest copper 

values coming from cold-water faucets 

that had not been used for several hours.

The corrosion engineer 

should find laboratories 

that can certify values  

to an accuracy of at 

least 5 ppb for analyses 

involving aluminum 

corrosion by copper.

We also found that the water pressure 

at each house contributed to this prob-

lem. The plumbing code restricts house 

water pressures to a maximum of 80 psi 

(552 kPa) to minimize damage from fast-

acting solenoids on dishwaters, clothes 

washers, etc. One series of our tests in-

cluded determining copper levels as a 

function of water pressure. The plumbers 

at one housing complex of 200 homes 

assured us that they had set the house-

pressure regulating valve (PRV) to 60 psi 

(414 kPa), but we tested 176 of these 

homes and found that 63 houses had 

pressure that exceeded 86 psi (593 kPa), 

11 houses exceeded 96 psi (662 kPa), and 

one house had a pressure of 104 psi (717 

kPa). We thought that perhaps the irriga-

tion system installers had increased pres-

sures for better sprinkler operation. 

Another complex of 150 houses did not 

have PRVs because the system pressure 

was always below 65 psi (448 kPa) accord-

ing to the water company. Figure 1 shows 

the water pressures measured at various 

houses and the total amount of copper 

levels obtained during the last six analyses. 

The highest copper analyses all occurred 

above 40 psi (276 kPa) and several houses 

had pressures significantly >65 psi. 

In another investigation unrelated to 

the blue water problem, an office staff 

complained about the bitter taste of their 

coffee so they sent water samples to a 

laboratory. The lab tests showed inordi-

nate levels of copper that would impart the 

bitter taste. Of course, the color of the 

coffee disguised any evidence of blue wa-

ter! Employees drew their water from the 

cold-water fountain, added instant coffee, 

and then heated it. We took an 8-oz (237-

mL) glass and measured the time it took 

to fill from the fountain. Then we mea-

sured the diameter of the soft copper tub-

ing feeding the water fountain. The calcu-

lated water velocity inside the tubing was 

close to 20 ft/s (6 m/s), far exceeding 

recommendations of only a few feet per 

second for cold water. Changing this tub-

ing to a larger size solved the problem.

A local home owner had to change her 

copper water service line twice and won-

dered why. We found her incoming water 

pressure was ~120 psi (827 kPa). When 

she watered her lawn or required any 

household water, the water flowed 

through this line at excessively fast ve-

locities, causing erosion-corrosion. Re-

ducing the pressure to 45 psi (310 kPa) 

solved the problem.

Copper in water can cause serious 

corrosion problems when the water is 

circulated through aluminum tubing 

many times found in automobile and 

industrial air conditioners. Because the 

Environmental Protection Agency (EPA) 

permits up to 1.3 parts per million (ppm) 

or 1,300 parts per billion (ppb) of copper 

in drinking water, most laboratories re-

port values only if they exceed this 

amount. These laboratories, therefore, 

often limit their analyses to ~1 ppm and 

the report comes back as <1 ppm. As 

little as 0.02 to 0.05 ppm (25 to 50 ppb) 

of copper in water can initiate pitting 

corrosion in aluminum.2 The corrosion 

engineer should find laboratories that can 

certify values to an accuracy of at least 5 

ppb for analyses involving aluminum 

corrosion by copper.

An ice-making company in the Salinas 

Valley of California had serious pitting 

corrosion in one of its very large alumi-

num-lined ice-making machines. The 

water they used to make the ice came 

Total copper vs. house pressures.

FIGURE 1
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from several wells that delivered water to 

the local water company. The water 

company reports for these waters showed 

relatively low levels of copper. A call to 

the water company revealed that the cop-

per analyses were from samples taken 

from 103 individual homes where the 

water sat overnight before sampling. 

Only two of these 103 samples exceeded 

the 1.3-ppm upper allowable limit, but 

the weighted average of the water from 

all seven wells was 0.659 ppm, or 13 to 

26 times the amount necessary to initiate 

pitting corrosion in aluminum. A sample 

taken from the ice-maker supply line 

showed copper values of 180 ppb (0.18 

ppm). This analysis, if done by most labs, 

would have been reported as <1.0 ppm. 

Calculations to determine the flow veloc-

ity in the copper supply pipe revealed 

flows too low to cause erosion-corrosion 

so this source for copper was discounted.

Lead
The EPA limit for lead in drinking 

water is 0.015 ppm (15 ppb). There are 

several sources for lead including lead pip-

ing, lead-based solder, and the sink fixtures 

themselves. Early water sampling tech-

niques allowed as much as 1 L of water to 

be flushed away before taking a test sam-

ple, which was the next liter. This sampling 

technique removed some of the highest 

lead contamination that occurred within 

the faucet fixtures themselves. Manufac-

turers still use grades of leaded brass mostly 

because the lead helps to seal leaks in these 

castings and improves machinability.

To emphasize a problem, some labs 

take only the first 100 mL, or about one 

third of an 8-oz glass. Most people take 

much more than this, especially when 

making coffee. Even a full 8-oz glass 

would cut these results to one third of 

their reported values.

Conclusions
Proper sampling, testing, and investiga-

tion are needed to correctly determine 

reasons why someone is having problems 

with drinking water. These few examples 

should help clarify how to approach future 

problems.
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• temperature 

• salinity 

• pH 

• sea currents 

• pressure 

• marine fouling

• biofouling of  anodes

• gas hydrate formation

• calcareous deposits 

• chemistry
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