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ABSTRACT

CAUSES OF LOCALIZED COPPER CORROSION IN 
DRINKING WATER SUPPLIES

Excessive amounts o f  copper have been observed in  d r in k in g  water 
a t  c e r ta in  in s ta l la t io n s  on Lake DeGray and a t  is o la te d  lo c a tio n s  
in  the A rkade lph ia  area o f Arkansas. A study o f these in s ta l la ­
t io n s  was conducted to  determ ine the  source o f the copper contam­
in a t io n . The supply w ater was very low in  copper and th e re fo re  
d is s o lu t io n  o f  the  copper plumbing caused by low water pH and 
long residence times was determ ined to  be the  most probable 
source.

Sims, R. A ., and R a ib le , R. W.
CAUSES OF LOCALIZED COPPER CORROSION IN DRINKING WATER SUPPLIES

Completion Report to  O ff ic e  o f Water P o lic y  (o r Bureau o f 
Reclam ation, OWRT), U. S. Department o f  the In te r io r ,  J u ly  1965, 
Washington, D .C .., 11 p.

KEYWORDS — *copper/ * c o rro s io n / *p o ta b le  w a te r/ * ta s te /  
co rro s io n  c o n tro l/  w ater q u a l i t y /  im paired w ater q u a li ty
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CAUSES OF LOCALIZED COPPER CORROSION IN 
DRINKING WATER SUPPLIES

INTRODUCTION

The problem concern ing a bad ta s te  in  d r in k in g  w ate r in  the 

A rkade lph ia , Arkansas, area f i r s t  came to  the  a t te n t io n  o f  the  

au thors in  a le t t e r  to  WRRC from Dr. Joe N ix , P ro fesso r o f  Chem­

is t r y  a t  Ouachita B a p t is t  U n iv e rs ity  (OBU). The problem was f i r s t  

e x h ib ite d  in  w ater from a d r in k in g  fo u n ta in  in  the  l ib r a r y  a t  

Henderson S ta te  U n iv e rs ity  (HSU). D r. N ix found th a t  th is  p a r t i ­

c u la r  fo u n ta in  had 2 ppm o f copper in  the  e x is t in g  w ater w h ile  the  

e n te rin g  w ater con ta ined less  than 0.05 ppm. A d d it io n a l in q u ir ie s  

by D r. N ix revea led severa l o th e r s ite s  w ith  s im i la r  ta s te  prob­

lems.

Copper has been used e x te n s iv e ly  s ince  World War I I  f o r  po tab le  

w ater p lum bing, p r in c ip a l ly  because o f  i t s  ease o f  in s ta l la t io n  

and i t s  r e la t iv e  freedom from  c o rro s io n . However, a rev iew  o f 

the  l i t e r a tu r e  in d ic a te s  th a t  th e re  are some ins tances o f  unusual 

c o rro s io n  o f  copper w ate r tu b in g .1 From th is  l i t e r a t u r e  re v ie w , 

i t  appears th a t  the  causes o f  excessive c o rro s io n  are v a r ie d  and 

are o fte n  unique to  a lo c a l i t y .

2
In  a general d is c u s s io n , C a rlto n  in d ic a te d  th a t  c o rro s io n  m igh t 

be produced in  bu ried  w ater p ipes used f o r  e le c t r ic a l  grounds.

1



A unique form o f copper co rros ion  in  buried pipe was reported by

Bennet, e t . a l . , 1 who found th a t co rros ion  in  the Yukon T e r r ito ry

was caused by cu rren ts  created by rad io  frequency p ickup. Roman- 
14o f f  g ives a very complete t re a t is e  o f the co rros ion  o f  most 

common p ip ing  m a te ria ls  when placed in  the s o i l .

Many o f  the re ferences were concerned w ith  the fa c t  th a t leaks 

were produced in  a very sh o rt tim e . These s tud ies  focused on 

the mechanisms o f th is  rap id  pe ne tra tio n  and the general cause fo r
8

c o rro s io n . Lucey8 p r in c ip a l ly  examined the e lectrochem ica l 

mechanics o f p i t  fo rm ation  w h ile  Obrecht and Pourbaix10 in v e s t i­

gated the e lectrochem ica l re a c tio n  mechanics and dynamics. Cruse 
5

and Pomeroy5, in  in v e s tig a tin g  the  rap id  pe ne tra tio n  o f pipe in  

the Los Angeles area, concluded the water pH was the problem.

Other researchers have looked a t pH as a poss ib le  cause. S tudies
6

by Hatch6 invo lved  e le c tro ch e m is try  bu t were very concerned w ith
9

eros ion  o r impingement attachm ent. Obercht and Q u ill9 a lso  were 

concerned w ith  the k in e t ic s  o f co rros ion  as re la te d  to  v e lo c ity ,  

bu t were look ing  a t  the co rros ion  in  b o i le r  tubes where tempera­

tu re  has a g rea t e f fe c t .

13R einhart g ives a very good d e s c r ip tio n  o f fa c to rs  th a t should 

be inc luded in  the design o f po tab le  water systems to  reduce the
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p o te n tia l f o r  c o rro s io n . Th is p u b lic a t io n  by R e inhart and a very 

general a r t i c le  on co rro s io n  by H o l le r ,7 p rov ide  a good g u id e lin e  

on fa c to rs  to  in v e s tig a te  in  t r y in g  to  determ ine the  cause fo r  

ra p id  p ipe p e n e tra tio n . None o f  these a r t ic le s  have broached the 

s u b je c t o f  ta s te  o f  the  w a te r.

11 12Rambow11,12 mentions the  e f fe c t  o f  ta s te  o f  l im ite d  copper c o rro ­

s ion  due to  low pH. He does no t p resen t any fu r th e r  in v e s tig a tio n s  

in to  th is  s u b je c t, bu t concentra tes on tube f a i lu r e  due to  ra p id  

p i t t in g .

4
In  an A p p lic a tio n  Data Sheet,4 the  Copper Development A sso c ia tio n  

does address the  e f fe c ts  o f  copper in  d r in k in g  w a te r. Th is  data 

sheet p o in ts  o u t some in te re s t in g  fa c ts .

1. The l im i t  s e t by HEW fo r  copper con ten t in  d r in k in g  w ater 

is  1 ppm.

2. Only 5% o f  a te s t  panel perceived a copper ta s te  w ith  

d i s t i l l e d  w ater c o n ta in in g  2.6 ppm, and 5 ppm in  sp rin g  

w a te r.

3. A t a ra te  o f  5 ppm, copper is  no t considered to  be 

hazardous to  human h e a lth .

4. Copper should not be used fo r  plumbing w ith  a c id  w a te rs .

3



5. I f  water is  allowed to  stand in  copper fo r  a s u f f ic ie n t  

time p e riod , i t  w i l l  p ick  up a coppery ta s te  but s t i l l  

not be considered a hea lth  hazard.

MATERIALS AND METHODS

The research e f f o r t  reported here was conducted on th ree  fro n ts .

1. S ites  known to  have water ta s te  problems were stud ied to  

determine which, i f  any, o f the fa c to rs  reported in  the 

l i t e r a tu r e  are a p p lica b le .

2. A la b o ra to ry  s im u la tion  o f a copper plumbed water supply 

system w ith  water from Lake DeGray was constructed . The 

purpose o f these s im u la tions was an attem pt to  acce lera te  

d is s o lu t io n  o f copper to  determine the p a r t ic u la r  mech­

anism invo lved in  the Lake DeGray copper plumbing water 

system. The water coo le r from the Henderson State 

U n iv e rs ity  L ib ra ry  was a lso  thorough ly s tud ied .

3. A survey was conducted o f a l l  the water systems in  the 

s ta te  w ith  more than 1000 customers.

Each o f these phases w i l l  be discussed separa te ly .

4



1. S ite  Studies

The U. S. Corps o f Engineers was most he lp ifu l in  th is  phase o f  the 

s tudy. Problems o f ta s te  had been reported  a t  two lo c a tio n s  w ith in  

the Corps e ig h t separate w ater trea tm en t systems operated by the 

Corps in  the  Lake DeGray re g io n . The two systems known to  have 

lo c a tio n s  w ith  a bad ta s t in g  w ater were the  Corps' o f f ic e  d r in k in g  

fo u n ta in  and the shop d r in k in g  fo u n ta in  ( d i f fe r e n t  w ater trea tm ent 

system s). No re p o rts  had been rece ived from o th e r lo c a tio n s . Our 

in v e s tig a tio n s  assumed the la ck  o f re p o rts  were due to  the  type o f 

usage. The d r in k in g  fo u n ta in s  were p e r io d ic a l ly  used by Corps 

personnel who o c c a s io n a lly  noted the  bad ta s te  and were around to  

re p o r t i t .  The o th e r taps in  those systems were in  s in k s , ou ts ide  

fa u c e ts , e tc . and g e n e ra lly  no t used f o r  d r in k in g  w a te r. D rink in g  

fo u n ta in s  loca ted  in  the  area o f  the o th e r trea tm en t systems are 

in  cam p ing /p icn ic  areas g e n e ra lly  used by a t ra n s ie n t  p o pu la tion  

so th a t many problems may have gone unreported o r unno ticed .

W ith th is  in  m ind, samples were p e r io d ic a l ly  drawn from taps 

throughout the  Corps' w ater systems w ith  p a r t ic u la r  a t te n t io n  to  

the taps in  the  o f f ic e  and shop. The samples were c o lle c te d  over 

a pe riod  o f  13 months to  d e te c t seasonal and /o r tem perature 

re la te d  phenomena.

Fo llow ing  th is  pe riod  o f  a n a lys is  on a l l  the  samples, i t  was

5



concluded th a t on ly  the Corps' o f f ic e  and shop d id  indeed have 

problems.

The pH o f the water in  the Corps o f f ic e  was ge ne ra lly  around 6 .2 , 

o r too low to  prevent co rros ion . The copper con ten t o f the water 

from the s ink  tap was almost as high as th a t from the co ld  water 

fo u n ta in  (approxim ately 1.5 ppm). The e q u a lity  o f the copper con­

te n t a t the two taps ind ica tes  a problem not s p e c if ic  to  the d r in k ­

ing fo u n ta in  but to  the e n tire  system. The pH was the on ly  common 

fa c to r  detected and must be assumed to  be the cause. This problem 

can be corrected on ly  a t the water treatm ent p la n t.

2. Laboratory Studies

The water o f Lake DeGray was found to  be fre e  o f copper and a c id ic  

w ith  pH o f about 6 .5 . With the known ta s te  problems e x is tin g  on ly 

in  systems where e le c tr ic a l power was connected, i t  was decided to 

in v e s tig a te  the e f fe c t  o f the presence o f e le c tr ic a l curren ts  (both 

AC and DC) on the ra te  o f copper d is s o lu tio n  and in  water w ith  

various pH values.

A. pH Studies

The experimental setup fo r  pH e ffe c ts  allowed a g ita t io n  o f water 

samples contained in  copper pipe sec tions . The pipe sections were 

2 ' long pieces o f type K o r L copper pipe w ith  a copper cap on one 

end and f i t t e d  w ith  a rubber septum on the o th e r. The

6



copper cap was attached by so ld e rin g  in  some systems and epoxyed 

in  o th e rs . One sample o f  each tub ing  type and te rm in a tio n  was 

loaded w ith  w ater o f  pH values 4, 6 , 8 , and 10. As was expected, 

copper ra p id ly  d isso lved  in to  the ac id  w a te r, e v e n tu a lly  reaching 

10 ppm and s lo w ly  in to  basic w ater to  on ly  0 .7  ppm. Th is was in  

systems where the re  was no so ld e r connection , on ly  epoxy. When 

so ld e r was used, the f in a l  copper con cen tra tio n  in  the  w ater was 

less than 0 .5  ppm even though the pH became n e u tra l,  in d ic a t in g  

th a t  the  lead and t i n  were p r e fe r e n t ia l ly  d isso lve d .

B. E le c t r ic a l C urren t S tudies

The experim enta l setup fo r  de te rm ina tio n  o f  the  ra te  o f  copper 

d is s o lu t io n  in  the  presence o f e le c t r ic a l  c u rre n t cons is ted  o f 

two id e n t ic a l s ta t io n s ,  one fo r  AC, the  o th e r fo r  DC. R.F. 

measurements were no t needed as the re  was no strong  R.F. source 

loca ted  in  the  area.

The la b o ra to ry  s ta t io n s  cons is ted  o f  3 sec tio ns  o f copper p ip e , 

each w ith  a sw eat-so ldered coup ling  near one end and te rm ina ted  

on both ends w ith  rubber septums. These th ree  sec tio ns  were 

connected in  s e r ie s  to  ensure equal c u rre n t through each. The 

rubber septums a llow ed the use o f  a hypodermic needle to  sample 

the  w ate r near the  j o i n t  and a t  the  o th e r end. Needle sampling 

m inim ized system d is tu rb a n ce s .

7



C. Water Fountain Studies

The d rink ing  foun ta in  th a t was removed from the HSU L ib ra ry  was 

studied non-des truc tive ly  to  t r y  to  p in po in t possib le causes o f 

the copper ta s te . The foun ta in  was manufactured by Halsey Taylor 

(Model WM-8-A).

The foun ta in  was observed to  conta in a l ig h t  blue powder on a l l  

v is ib le  water l in e  in te rn a l surfaces. The blue sample gave a 

negative HACH te s t  fo r  s u lfa te . S o lu b il i ty  and gas evo lu tion  in  

concentrated HC1 ind ica ted  carbonate, probably copper carbonate.

The foun ta in  was thoroughly flushed w ith  d i lu te  HC1 in  an attempt 

to  clean the system. The acid was allowed to  stand overn igh t and 

the system was then flushed w ith  sodium bicarbonate so lu tio n  

fo llowed by an extensive water f lu s h . A fte r  th is  treatm ent, the 

water from the foun ta in  s t i l l  had over 5 ppm/Cu. A fte r  a llow ing 

water from the L i t t l e  Rock c i t y  system to  t r ic k le  through the 

foun ta in  fo r  several days, the Cu leve l was not p recep tib ly  

higher than the background. This foun ta in  was then placed in to  

lim ite d  serv ice a t the Graduate In s t itu te  o f Technology fo r  a 

period o f nine months during which there was no no ticeab le  copper 

ta s te , except where i t  had stood w ithou t use fo r  extended periods 

o f tim e.

8



3. Survey o f Water Systems

A survey o f  m un ic ipa l w ater trea tm ent p la n ts  having over 1,000 

customers was conducted to  determ ine the  e x te n t o f  the  problems 

associa ted w ith  copper. The s p e c if ic  questions asked o f  the  p la n t 

managers o r opera to rs  were:

1. Has you r department rece ived com pla in ts o f  a "bad ta s te "  

o r o f  green w ater by users?

2. Have you r customers experienced c o rro s io n  f a i lu r e  o f  

copper l in e s  under s labs o r bu ried  runs o f  pipe?

Of the 209 in q u ir ie s  m ailed o u t, 100 were re tu rn e d . E ig h ty - th re e  

o f  the  re tu rn s  in d ic a te d  no to  both qu es tion s . The rem aining 17 

yes answers were d iv id e d : 9 answered yes to  ques tion  1; 4 to  

question  2 and 4 to  both qu es tion s . A review  o f  the  lo c a tio n s  

o f  the  p o s it iv e  responses in d ic a te s  no geograph ica l s ig n if ic a n c e  

to  the  responses. A na lys is  o f  the  w ater chem is try  re p o rts  showed 

no s p e c if ic  p a tte rn  as pH ranged from  6 .5  to  8 .8 , most around 7 .6  

and to ta l  hardness was from 12 to  85.

I t  is  in te re s t in g  to  note th a t  the  response from  the  A rkade lph ia  

C ity  Water Systems in d ic a te d  no ta s te  o r c o rro s io n  problems.

9



RESULTS AND DISCUSSION

The copper tas te  problems encountered in  the d rin k ing  founta ins 

a t the Henderson State U n ive rs ity  L ib ra ry  and the Corps o f 

Engineers bu ild ings  a t Lake DeGray appear to  have two fa c to rs  in  

common th a t could be responsib le fo r  the ta s te . The water fo r  

both is  from the Caddo R iver Watershed and the re s u lta n t pH is  

on the acid s ide . This acid pH has been shown by our studies 

and the l i te ra tu r e  to  acce lera te  copper d is s o lu tio n .

From the a va ila b le  use h is to ry  and lo ca tio n  o f the problem d rink ing  

fou n ta ins , the tas te  problem might be due to  the long residence 

time occuring because o f in frequen t use.

Usage pa tterns can not be changed, but an increase in  the pH o f 

the water a t the treatm ent p lan ts  m ight a lso a lle v ia te  the tas te  

problems. Throughout th is  study no sample from the a f f l ia te d  

founta ins exceeded the 2.6 ppm leve l mentioned in  the Copper 

Development A ssocia tion a p p lic a tio n  note.
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