
PUBLIC HEALTH |  APRIL  2019  •  111 :4  |  JOURNAL AWWA      73

David Cornwell’s October 2018 Journal 
AWWA article “How Have We Done in 
Reducing Lead in Water Since the LCR?” 
and earlier writings demonstrate that, when 

enforced, the Lead and Copper Rule (LCR) has been 
effective in improving corrosion control, reducing the 
number of lead service lines, and contributing to further 
reductions of child blood lead levels (BLLs). The October 
2018 special issue of Journal AWWA, which was 
focused on distribution systems and corrosion control, 
provided a body of information describing how water 
professionals are addressing lead and corrosion issues. 

LEAD REDUCTION EFFORTS
The spike in lead levels in Flint, Mich., circa 2014 

and the issues that plagued the city afterward wouldn’t 
have occurred if standard treatment practices had been 
applied and the state effectively enforced existing regu-
lations. Although lead in water will remain a concern as 
long as lead-containing pipes and fittings and galva-
nized pipes are still in service, the average and peak 
BLLs in US children have drastically declined in the 
past 40 years, primarily as a result of eliminating lead 
in automobile gasoline, paint, food-can and water pipe 
solders, and millions of service lines, as well as reducing 
lead in brass water fixtures.

Between 1976 and 1980, average BLLs in US children 
aged six months to five years were about 16 µg/dL (µg per 
100 cc of blood), according to the National Health and 
Nutrition Examination Survey (NHANES II). Further, the 
survey noted that 63.3% of BLLs were in the 10–19 µg/dL 

range, and 0.1% were in the 50–59 µg/dL range.  
The national mean values were down to 2.7 µg/dL by 
1991 and to 1.9 µg/dL by 2002. The mean in 2014 was 
0.84 µg/dL, according to a study by Hernán Gómez and 
colleagues that appeared in the June 2018 issue of  
Pediatrics. Given this trend, it’s probably even lower today.

As of 2012, the Centers for Disease Control and Pre-
vention (CDC) “reference” level for BLLs is 5 µg/dL, 
reduced from the prior 10 µg/dL “concern” level. The ref-
erence level is based on the 97.5th percentile of national 
BLLs in children being less than 5 µg/dL, at which point 
follow-up action is recommended to determine and elimi-
nate the cause of any exceedance. Subtle, but potentially 
reversible, IQ losses are suspected to potentially occur at 
levels about 5–10 µg/dL or perhaps lower, as discussed in 
a Mar. 22, 2016, PBS.org article by Ellen Ruppel Shell 
(https://to.pbs.org/2R946o8). CDC recommends that che-
lation therapy for lead poisoning be considered if BLLs 
exceed 45 µg/dL. Mental developmental deficits can occur 
at considerably lower concentrations.

Although high lead concentrations were measured in 
Flint’s water, the water was so obviously tainted that 
few people drank it, even after public assurances that it 
was safe. In the end, child BLLs weren’t significantly 
affected, as noted by Gómez and Kim Dietrich, who 
explained this in an opinion piece in the New York 
Times on July 22, 2018. In the 2018 Pediatrics study, 
Gömez and colleagues examined the results of almost 
16,000 BLLs for children in Flint between 2006 and 
2016 and found the number of measured BLLs above  
5 µg/dL was 11.8% in 2006 and in general continuously 
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declined, with some variations, to 3.7% in 2016. Mean 
BLLs were 2.33 µg/dL in 2006 and 1.15 µg/dL in 2016. 

The half-life of lead in blood is about 30 days. CDC’s 
July 1, 2016, Morbidity and Mortality Weekly Report for 
Flint (http://bit.ly/2UcWsek), from more than 9,000 sam-
ples, indicated a temporary increase from 2.5 to 4.2% 
(from 59 to 71) in the number of children with BLLs 
between 5 and 9 µg/dL after the switch to Flint River water, 
then a decline from 3.4 to 1.1% (68 to 37) after the change 
back to Detroit drinking water. The number of those chil-
dren with BLLs greater than 10 µg/dL was lowered some-
what, but this may not have been statistically significant. 
The report notes that 53% of the blood samples were from 
venous blood and 46% were from capillary (finger stick) 
blood samples. This complicates the interpretations because 
skin contamination can cause capillary blood measure-
ments to be higher than venous blood and may be less reli-
able than venous blood samples. According to “Interpreting 
and Managing Low Blood Lead Levels,” a 2013 guidance 
for physicians from the Physicians Pediatric Environmental 
Health Specialty Units, initial capillary blood lead measure-
ments greater than 4 µg/dL should be confirmed by a 
venous sample. It wasn’t clear whether that had occurred 
for the data set of 9,000 samples used by CDC.

Unfortunately, the greater adverse health outcome in 
Flint is the likelihood that the corrosive water allowed 
for the mobilization of Legionella bacteria from bio-
films and sediments, increasing the risk of legionellosis 
from aerosol inhalation. Sammy Zahran and colleagues, 
who published a report on Feb. 20, 2018, in the Pro-
ceedings of the National Academy of Sciences (https://
doi.org/10.1073/pnas.1718679115), found that 87 
cases of legionellosis and 12 deaths were reported at 
one point in 2014–2015 in Genesee County, Mich. 

LEAD AND COPPER REGULATION
The US Environmental Protection Agency’s LCR reg-

ulation was promulgated in 1991 and updated in 2000 
and 2007. It requires water suppliers to regularly test 
for excessive corrosivity in drinking water at the tap in 
distribution system locations at the highest risk (50% 
lead service lines). Testing is performed on water that 
has been stagnant overnight or for at least 6 h. A 1 L 
first draw sample is collected, and if more than 10% of 
the samples exceed the lead action level of 15 µg/L or 
the copper action level of 1.3 mg/L, the system must 
introduce corrosion-control procedures and public noti-
fication. If the corrosion control isn’t successful, the 
system must begin a lead service line replacement pro-
gram of 7% per year.

The LCR action level isn’t a maximum contaminant 
level, and it doesn’t presume typical exposure. It’s a 
benchmark screening value to indicate excessive corro-
sion potential for the water as tested under extreme and 
noncontinuous circumstances. The stagnant first-draw 
sample is intended to be a virtual worst case and 

includes water in contact with the usually leaded brass 
tap and some length of plumbing and solder joints, 
which would have high lead solder if installed before 
1986 when lead solder was banned by statute.

The World Health Organization’s (WHO’s) 2017 
Guidelines for Drinking-Water Quality and the European 
Union’s  (EU) drinking water directive are both 10 µg/L 
for lead in drinking water). Some might misinterpret 
this level to be more protective than the US action level. 
However, WHO and the EU don’t require stagnant first 
draw water as the LCR screening test does; WHO and 
the EU would also allow running water sampling more 
typical of most daily use rather than first draw. There-
fore, it’s possible that routine exposure to drinking 
water at 10 µg/L or more could occur.

REGULATORY SUGGESTIONS
The LCR could be strengthened with minimal effort 

and limited cost impact by the following: 
• Partial lead service line replacements that include 

only the public portion, but not the private segment, 
aren’t generally recommended. In Washington, D.C., 
for example, lead levels peaked and then stabilized 
within a few weeks of public lead service line 
replacements. In this case, bottled water or filters 
should be provided to customers in the interim.

• Experience shows that expecting residents to con-
duct uncontrolled monitoring is difficult to 
arrange and has opportunities for error. Con-
trolled on-site sampling with advance approval 
from residents, as by utility or health department 
personnel, would be more reliable. Even better, 
perhaps, would be to test local lead line loops in a 
laboratory to continuously determine the intrinsic 
corrosivity of the system’s water.

• Sampling stagnant first-draw water is good with 
respect to plumbing lead. The simplest improve-
ment would be adding a second-draw sample 
when the temperature change indicates that ser-
vice line water is being accessed. For example, DC 
Water also conducted second-draw sampling, 
which consistently showed that phosphate corro-
sion control was successful. Sampling also showed 
a strong correlation between high iron levels from 
premise galvanized pipe and high lead levels.

• In apartment buildings, lead service lines often 
were not installed because the lead pipe capacity 
was too small, so first-draw stagnant samples 
would probably be sufficient for determining the 
effects on plumbing in these buildings.

The current and future LCR must be diligently applied 
by water utilities and properly enforced by regulators.

ADVICE TO CONSUMERS
Some recommendations for consumers to resolve 

their lead concerns include the following:
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• Check to see if a lead service connection 
exists in your home. Find where the outside 
incoming water line connects to the indoor 
meter if one is present. Ask the water sup-
plier for a water analysis if there’s any 
doubt.

• Don’t drink the first water out of a tap, 
regardless of plumbing type. It will probably 
be warm and not taste very good, and it 
might have leached some material from pipes 
during stagnation. Let the tap water run, pref-
erably until the temperature has changed, 
indicating that more distant service line water 
has been reached (assuming there is no lead 
service line).

• Don’t consume anything made from first-draw 
water or water from the hot water tap, includ-
ing baby formula, reconstituted juices, rice, 
pasta, boiled potatoes, and soup.

• If the home or building contains galvanized iron 
pipe, the water should be sampled for lead and 
iron. Serious consideration should be given to 
replace older galvanized pipe with currently 
approved pipe.

• Read the water supplier’s annual Consumer  
Confidence Report and make sure the water sup-
plier is following the law and managing corrosion.

The successful reduction of lead levels in water is a 
prime example of comprehensive regulations aimed 
at a definable problem where success and risk reduc-
tion benefits are measurable. The Flint situation 
raised awareness of lead issues and stimulated con-
certed efforts to address issues (especially in schools), 
although fortunately the blood lead data show that 
many high child exposures didn’t occur. With regard 
to drinking water’s relatively small remaining contri-
bution to BLLs, the LCR has been successful, but 
there are some locations that haven’t fully applied 
the regulation and sufficiently managed corrosion. 
Those who are lagging behind should realize that 
there’s nothing to be gained and much to be lost by 
not fully applying the LCR to their water systems. 

—Joseph A. Cotruvo is the president of Joseph Cotruvo 
& Associates LLC in Washington, D.C. He can be 

reached at joseph.cotruvo@verizon.net.
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