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In early 2013, Flint officials decided to 
change the source of the city’s water 
from the Detroit Water and Sewerage 
Department to the Karegnondi Water 
Authority (KWA). However, KWA 
was not ready to deliver the water, 
because a new pipeline to bring water 
from nearby Lake Huron was not 
yet completed. Flint implemented a 
short-term solution in April 2014 to 
use water from the local Flint River. The 
municipality failed to analyze and then 
appropriately treat the new source 
water with a corrosion inhibitor. 

In water distribution systems, 
source water is typically treated 
with chlorine to remove bacteria, 
viruses and protozoa. Additionally, 
a phosphate-type of chemical 
corrosion inhibitor is used to inhibit 
corrosion by building a passivating 
layer of protection, a harmless film, 
inside the pipe. Phosphates for 
potable water treatment perform 
several functions that include: 
iron and manganese control, scale 
inhibition and removal, corrosion 
control and chlorine stabilization. 

The inhibitor injection into the water 
must be continual or the passive film 
will degrade, allowing the corrosive 
water to leach ion from the lead service 
line. Once the water comes in contact 
with the metal, corrosion is immediate.  

The lack of proper treatment was 
especially detrimental as the Flint River 
water was much more corrosive to 
the pipes in the Flint water distribution 
system when compared to the Detroit 
water. The corrosivity of the river water 
was primarily due to higher chlorides 

and low pH. One source of chloride 
ions came from salt used to treat roads 
during the winter. The other source of 
chloride ions came from the reduction 
of chlorine (a chemical used to disinfect 
water) to chloride during corrosion 
of the iron in the distribution pipes. 
Second, the pH of the water from the 
Flint water treatment plants was around 
7 to 8. Most water distribution systems 
maintain a pH around 10 and add a 
corrosion inhibitor to form a protective 
layer, lead phosphate, which prevents 
lead corrosion. The Detroit water that 
Flint previously received was treated 
with phosphate ions and, as a result, 
remained relatively free of lead ions.

The low pH and lack of corrosion 
inhibitor increased the lead ions 
dissolved in the water. Any lead present 
in old cast iron pipes will leach if 
corroded from the lead service lines 
into the water. The Flint Michigan water 

distribution system is very typical of 
many older water distribution systems 
in the U.S, which are designed with cast 
iron water mains and lead service lines.

Corrosion of cast iron pipes in a 
distribution system can cause three 
distinct but related problems. First, 
pipe mass is lost through oxidization 
to soluble iron species or iron-bearing 
scale. Second, scale can accumulate as 
large tubercles that increase head loss 
and decrease water capacity. Finally, 
the release of soluble or particulate 
iron corrosion-byproducts to the
water decreases its aesthetic 
quality and often leads to consumer 
complaints of “red water” at the tap.   

In one sample of water taken from 
a Flint home, a lead level of 13,000 
parts per billion (ppb) was found. The 
U.S. Environmental Protection Agency 
(EPA) has set a maximum level of lead 
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contamination in the tap water in 90% 
of homes at 15 ppb. The Flint water 
had 1000 times the action limit of 15 
ppb lead. 

Another effect of corrosion in aging 
cast iron water pipes is that they 
become vulnerable to the buildup 
of bacteria. Certain bacteria can 
accelerate the rate of corrosion. When 
corrosion occurs, the chlorine  added  
into  water  as  a  disinfectant rapidly  
reacts  with  iron  that  leaches  from 
corroded iron pipelines, resulting 
in insufficient chlorine in water 
for the complete disinfection of 
microorganisms. These pathogens 
now have the opportunity to survive 
treatment, multiply and affect general 
health. This health risk was present 
in the Flint case as evidenced by 
warnings for fecal coliform and other 
coliform bacteria, issued by the 
Michigan Department of Environmental 
Quality (MDEQ). As a result, the 
treatment plant added more chlorine to 
maintain a residual level throughout the 
distribution system further accelerating 
the corrosion process. 

One of the contributing factors in 
the high levels (85 ppm) of chlorides 
found in the treated Flint water may 
have been the use of ferric chloride 
to remove organic matter from 
the Flint River water. The need to 
utilize ferric chloride in the water 
treatment process resulted in the 
formation of disinfection byproducts, 
and specifically, Trihalomethanes. 
Trihalomethanes form when excess 
chlorine from disinfection reacts 
with organic materials present in the 
source water.  Long term exposure to 
disinfection byproducts (DBPs) have 
been linked to liver, kidney, lung, heart, 
and central nervous system problems, 

and they are known carcinogens. 
These hazards to human health were 
also present in Flint.   
 
Flint is a well-studied case of the 
cost of prevention versus the cost 
of failure. The relevance of this case 
is demonstrated by similar lead 
contamination found in the District 
of Columbia, in North Carolina and in 
Mississippi. (ACS)  Lead ion leaching will 
often occur in  lead service lines (the 
portion of the pipe from the meter  
to the home). This was the case in 
Flint, Michigan. Other places where 
lead leaching occurs is in galvanized 
pipe, brass plumbing devices, and 
copper pipes with lead solder (usually 
installed pre-1986). 

Partially due to the presence of 
lead service pipes, some states 
regulated the corrosivity of water 
in the distribution system. Waters 

which deposit a protective coating 
on the pipes rather than dissolving 
the pipe were preferred. In the case 
of Flint, Michigan, when the drinking 
water source was changed from non-
corrosive to corrosive, application of a 
corrosion inhibitor program would have 
eliminated the lead dissolution. 

While it is well known that the magnitude 
of the water crisis in Flint was caused 
by lack of action to counter the threat 
of corrosion, the case spotlights 
exactly how much financial avoidance 
influences the ongoing infrastructure 
crisis in the U.S. water sector. Flint is an 
extreme case of what can go wrong, 
but it’s an important one that effectively 
raised awareness of the magnitude of 
the problems – loss of public health, 
loss of public trust, costly infrastructure 
improvements, and on and on, all 
completely preventable with a Corrosion 
Management System (CMS). 
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