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Dear Dr. Goodfriend:
In response to concerns about Hidden Lane Landfill contaminating drinking wells, the Virginia
Department of Health prepared a Letter Health Consultation on November 23, 2016. This Letter
Health Consultation responds to your follow-up questions regarding the levels of arsenic found
in the water and whether residents should be advised to find alternate sources of drinking water.
BACKGROUND
The U.S. Environmental Protection Agency (EPA) maximum contaminant level (MCL) for
arsenic is 10 µg/L. There has been considerable controversy over this limit, with some arguing
that this limit is protective of health, while others suggest that it should be lower. This
controversy is seen in the EPA drinking water unit risk (5×10-5 per µg/L) for arsenic, which
suggests that the MCL of 10 µg/L has an associated 5/10,000 increased cancer risk. Therefore, in
a group of 10,000 people drinking water containing 10 µg/L arsenic over 70 years, the EPA
expects that five people would develop cancer due to arsenic exposure. The EPA considers this a
high increased risk for cancer.
The average water arsenic concentration measured in wells near Hidden Lane Landfill was
approximately 2 µg/L. This is lower than the EPA MCL of 10 µg/L, but still has an associated
risk of cancer of 1/10,000, which the EPA considers high risk. Most drinking water systems in
the U.S. have an arsenic concentration of 1–2 µg/L. While MCLs are based upon cost concerns
in addition to health consequences, the 1 in 10,000 increased cancer risk for 2 µg/L arsenic
seemed to be unusually high to be tolerated over so much of the US.

1

DISCUSSION
A 1989 study by Wu et al. is the foundation for our knowledge of arsenic cancer risk. 1 This
study was carried out in Taiwan, where artesian wells often contain extremely high
concentrations of arsenic. In the United States, most groundwater has a concentration of
1–2 µg/L. By contrast, in Wu’s study the low exposure well water had <150 µg/L arsenic, while
the high exposure well water had over 600 µg/L.1 The scientific consensus is that water
containing ≥500 µg/L arsenic poses a significant risk to health, primarily from skin, bladder, and
lung cancers. The cancer mortality risk from drinking water with arsenic concentrations this high
is 1 in 10 people. However, early estimates of the cancer risks of arsenic in drinking water at
lower concentrations may be overestimating the risks due to several factors presented below.
Confounding Factors
Difference in baseline health status between Taiwanese and U.S. populations
The population studied in Taiwan may have been at increased risk for arsenic toxicity due to
poor nutrition. A study of skin cancer and nutritional status found risk factors in addition to
arsenic exposure were undernourishment and liver dysfunction secondary to hepatitis B
infection. 2 One analysis found the increased risk due to malnutrition so high the authors
recommended addressing the problem of nutrition prior to trying to reduce water arsenic levels
below 50 µg/L and recommended the WHO scale back their target standard of 10 µg/L in
developing nations. 3
Nonlinear correlation of cancer risk at water arsenic levels <150 µg/L
The cancer risks for the Taiwanese population at the low water arsenic level do not appear to
correlate linearly with water arsenic exposure and are likely confounded by other factors not
accounted for in the original analysis. 4,5,6 This means an extrapolation from this data to low
water arsenic is probably overestimating the cancer risk. Lamm et al. suggested a threshold
model for arsenic exposure and bladder cancer mortality with bladder cancer risk not increasing
at water arsenic concentrations of <100–200 µg/L.4,5
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Mechanism of carcinogenesis not consistent with linear extrapolation of risk
Historically there has been controversy regarding the dose-response curve appropriate for
carcinogens, but researchers from the mid-1970’s have tended towards a linear dose-response
curve based upon single-hit kinetics. 7 While the existence of DNA repair mechanisms was
known at the time, it was thought that these processes would generally not appreciably affect the
linearity of the curve.
By the time the EPA was making their determination regarding the MCL of arsenic, it was
known that arsenic did not act through simple formation of DNA adducts, but through several
other mechanisms, 8 and from population data that the dose-response curve was not strictly linear.
In their analysis of cancer risk, the EPA used a multi-stage model with time and used both linear
and quadratic fitting. 9 The EPA cancer risk estimation for arsenic in drinking water is nonlinear
at higher concentrations, but at concentrations <150 µg/L is principally linear. The EPA
recognized this was an approximation but was limited by available data:
Eastern Research Group, under contract to EPA, convened an Expert Panel on Arsenic
Carcinogenicity on May 21 and 22, 1997 (Eastern Research Group, 1997). The Expert
Panel believed that, “it is clear from epidemiological studies that arsenic is a human
carcinogen via the oral and inhalation routes (p. 20).” They also concluded, “that one
important mode of action is unlikely to be operative for arsenic”. The panel agreed that
arsenic and its metabolites do not appear to directly interact with DNA (pp. 30-31).” In
addition, the panel agreed that, “for each of the modes of action regarded as plausible, the
dose-response would either show a threshold or would be nonlinear (p. 31)”. The panel
agreed, however, “that the dose-response for arsenic at low doses would likely be truly
nonlinear, i.e., with a decreasing slope as the dose decreased. However, at very low doses
such a curve might be linear but with a very shallow slope, probably indistinguishable
from a threshold (p. 31).”9
While the risk analysis done anticipated nonlinear risk and a likely dosage threshold, the unit risk
projection extracted from the risk analysis is by definition linear. This linear extrapolation is
likely overly cautious at low arsenic concentrations. A better way to evaluate risk is to look to
recent research on low-level arsenic exposure in drinking water.
Cancer risks of low-concentration (<100 µg/L) arsenic in U.S. drinking water
A 1995 study of Utah residents with a mean water arsenic concentration of 5 µg/L found no
association between bladder cancer and cumulative exposure to arsenic. A 2005 study of
populations in California and Nevada with drinking water with nearly 100 µg/L arsenic showed
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similar results, with no clear association between arsenic in drinking water and bladder cancer. 10
There did appear to be some association between smoking and increased risk in bladder cancer at
200 µg/day, but it would be impossible to reach this daily dosage by drinking water that met the
EPA MCL for arsenic. In 2008, another ecologic study found no association between bladder
cancer and arsenic at concentrations near the MCL. 11 Most recently, in 2010, a Michigan
population study found no increased risk in bladder cancer for smokers and nonsmokers with
water concentrations >10–100 µg/L by comparison to <1 µg/L. 12
At high concentrations, arsenic in drinking water is a risk factor for lung and skin cancers. There
are no adequate studies to determine cancer risk at low arsenic water concentration. The skin
cancers caused by arsenic tend to be squamous and basal cell carcinomas, which are not
generally fatal, therefore, they are not included in cancer mortality studies. No direct studies of
low concentration of arsenic in drinking water and cancer risk have been done, but studies of
U.S. populations have shown that individuals with the highest concentration of arsenic in
toenails have an increased risk of basal and squamous cell cancer 13 and small-cell and squamous
cell lung cancer. 14 It is difficult to interpret these studies since we do not know the source of the
arsenic exposure, which could be from drinking water, food, or occupational exposure.
A 1999 cohort mortality study in Utah provides direction for future research, but is unlikely to be
illuminating of risks for water arsenic concentrations below the EPA MCL given the observed
arsenic concentrations spanned 3.5–620 µg/L. 15 The authors defined a “low” exposure category
of <1,000 µg/L-years. For a water arsenic concentration of 10 µg/L, a person would reach this
limit after 100 years. No increased risk for bladder or lung cancer were detected for this exposure
group, however, women in this exposure group had a large increased risk for death due to
melanoma.15 This is an unexpected finding since arsenic has not been implicated as a risk factor
for melanoma and is probably a spurious correlation. Supporting this conclusion, no correlation
was found between the medium or high exposure groups and death due to melanoma, in either
men or women.15
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Non-cancer risks of low-concentration (<10 µg/L) arsenic in drinking water
Effects on adults
A study in Michigan found there might be an association between increasing arsenic water
concentrations and stroke hospitalization.16 The median arsenic concentration was 7.78 µg/L,
which is low enough to be more directly comparable to the concentrations typically encountered.
However, the risk found was very small (an increased relative risk of 1.03 (95% confidence
interval 1.01–1.05) per 1 µg/L increase in arsenic concentration). Since this study tracked
hospitalization incidents rather than individuals and used county and zip code data to estimate
arsenic intake, a follow-up study utilizing individual data is needed to confirm the association.
A 2012 study of a Texas population with mean water arsenic concentrations of 6.2 µg/L showed
a possible weak association between coronary heart disease and hypertension and water arsenic
concentrations. 17
The Utah drinking water cohort mortality study mentioned above found that the low exposure
category had approximately doubled incidences of mortality due to hypertensive coronary
disease and nephritis or nephrosis. 15
Effects on children
The major concern for children exposed to arsenic is the effects on their neurological
development. One study on U.S. children drinking well water with elevated concentrations of
arsenic found that an increase in water arsenic concentration from <5 µg/L to ≥5 µg/L resulted in
a 5–6 point drop in IQ. 18 However, there was no correlation between toenail arsenic
concentrations and IQ in these children.18 They did not observe a correlation between arsenic
concentrations and IQ below 5 µg/L and suggested there may be a threshold for neurological
harm.18
Future evaluations may result in a lower MCL
The EPA is re-evaluating the evidence for risks of arsenic exposure and may further reduce the
MCL in the future. Evidence suggestive of some harm at arsenic concentrations near the current
MCL in increased cancer risk for smokers, cardiovascular risks, and risk of neurological harm to
children could justify reducing the MCL to 5 µg/L to increase the safety margin.
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CONCLUSIONS
VDH used accepted methods in its Letter Health Consultation dated November 23, 2016 for
calculating cancer risk for arsenic concentrations in well water. However, the linear unit risk
determined at moderate arsenic concentrations overestimates risk when extrapolated to very low
arsenic concentrations. Also, in evaluating populations in the U.S. exposed to arsenic
concentrations in drinking water less than the EPA MCL of 10 µg/L it appears that the MCL is
generally protective against cancer and non-cancer health risks.
RECOMMENDATIONS
There are no recommendations at this time. VDH will revisit this issue in future in light of new
research or in response to a decision by the EPA on the new MCL.
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