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Abstract

Global concern about arsenic in drinking water and its link to numerous diseases make translation
of evidence-based research into national policy a priority. Delays in establishing a maximum
contaminant level (MCL) to preserve health have increased the burden of disease and caused
substantial and avoidable loss of life. The current Mexican MCL for arsenic in drinking water is
25 pg/l (2.5 times higher than the World Health Organization (WHO) recommendation from
1993). Mexico’s struggles to set its arsenic MCL offer a compelling example of shortcomings in
environmental health policy. We explore factors that might facilitate policy change in Mexico:
scientific evidence, risk communication and public access to information, economic and
technological resources, and politics. To raise awareness of the health, societal, and economic
implications of arsenic contamination of drinking water in Mexico, we suggest action steps for
attaining environmental policy change and better protect population health.
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Introduction

Arsenic is an element widely distributed in the earth’s crust that is released to the
environment naturally and by human activity. Arsenic dissolves in waters, a process often
enhanced by volcanic activity. Industrial activity adds arsenic to the environment: mining
and smelting, petroleum refining, burning of fossil fuels (mainly coal), plus waste and wood
incineraton.

Epidemiological studies have shown associations between chronic exposure to arsenic and
lung, skin, and bladder cancer. The International Agency for Research on Cancer (IARC)
classifies arsenic a Group 1 carcinogen (carcinogenic to humans).2 Chronic exposure to
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arsenic is also a risk factor for other chronic illnesses of the circulatory, nervous, endocrine,
respiratory, and renal systems.12

Since 2010, arsenic contamination in drinking water has been one of the WHO’s major
global public health concerns, due to the large number of people exposed worldwide and
arsenic’s association with serious diseases. Limited data exist on the global burden of
disease resulting from exposure to arsenic in drinking water. Most data have emerged from
Bangladesh, where a 2004 study found the burden of lung, bladder, skin and kidney cancers,
ischemic heart disease, and diabetes mellitus resulted in 9136 deaths in 1991 in a population
of 86,832,738 plus 174,174 undiscounted disability-adjusted life years (DALYS) per year at
concentrations greater than 50 ug As/I.3

In a 2012 study, also performed in Bangladesh, the authors estimated that 20 million people
were exposed to concentrations above Bangladesh’s national standard of 50 pg/Il. Forty-five
million people were exposed to concentrations above the World Health Organization (WHO)
guideline value of 10 pg/l. Exposures above 50 pg As/l and in the range of 10-50 pg As/I
could, respectively, account for 24,000 and 19,000 adult deaths annually.*

International standards for arsenic in drinking water date back to 1958 when WHO first
recommended a maximum contaminant level (MCL) of 200 ug/l. As epidemiological
evidence on chronic arsenic toxicity emerged, WHO lowered its standard twice, in 1963 to
50 pg/l, and in 1993 to 10 pg/I.> Several countries including the United States, Canada,
Romania, Hungary, Taiwan, and Vietnam have adopted the latter WHO recommendation.
Mexico, along with Argentina, Bolivia, and Peru, has delayed adopting this
recommendation.®

To comply with these guidelines, countries where the economic “footprints’ are similar to
Mexico’s rely on arsenic detection methods and removal technologies developed, field-
tested, and used in South East Asia.” Arsenic removal technologies include oxidation,
coagulation—precipitation, absorption, plus ion exchange and membrane techniques. Chile
has used coagulation for large-scale arsenic removal from both surface waters and ground
water, declaring it a cost-effective way to meet the 10 pg/l MCL.8

In Mexico, researchers have since the 1950s documented arsenic concentrations in
groundwater.® The complex geology of Mexico (including igneous, sedimentary and
metamorphic rocks, and active tectonic settings) facilitates ‘natural’ contamination of
groundwater by arsenic. The source of arsenic contamination in northern Mexico remains
under discussion. Several geochemical processes have been proposed: a hydrothermal
system releasing high levels of lithium, boron, arsenic, and fluoride; the dissolution of iron
and manganese oxides; and release arsenic retained in clays. This last may mobilize arsenic
from the aquifer matrix into the groundwater. Scientists consider aquifer overexploitation
and evaporation to be the primary mechanisms for enrichment of water with arsenic in
Mexico. Other sources of release do not appear to play important roles.10

Levels reported for the northern states (Chihuahua, Coahuila, Durango, and Sonora) for
arsenic in water range from 7 to 600 pg/l. Nine other states (Aguascalientes, Guanajuato,
Jalisco, Morelos, Oaxaca, Puebla, San Luis Potosi, Hidalgo, and Zacatecas) continue to

J Public Health Policy. Author manuscript; available in PMC 2017 November 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fisher et al.

Page 3

report documented arsenic concentrations above the current Mexican MCL for drinking
water.10:11 For the remaining Mexican states and/or populations exposed to levels above 10
pa/l, limited information exists. No one can estimate accurately number of people exposed
nationally and the true burden of disease. In 2001, estimates based on a few states suggested
a range from 400,000 to 2 million individuals exposed to concentrations above 25 pg/l.12.13

Even though research on adverse health effects of arsenic in Mexico dates back decades,
international journals published very few studies until the mid-1980s, when worldwide
arsenic research gained momentum. Studies conducted in Mexico have shown that chronic
exposure to arsenic in drinking water is associated with premalignant and malignant skin
lesions, genotoxicity (higher frequencies of chromatid and chromosomal aberrations,
aneuploidy, and micro-nucleated cells), impaired cognitive performance in school children
(memory, problem solving, and attention, plus oppositional and hyperactive behavior),
cardiovascular effects (increases in both carotid intima media thickness, an indicator of
subclinical atherosclerotic burden, and plasma asymmetric dimethylarginine, a predictor of
cardiovascular disease risk), diabetes, and breast cancer.13-20 Recent studies of pregnant
women exposed to an average of 24.6 pg/l in drinking water have also revealed that urinary
inorganic arsenic levels were associated with lower mean gestational age and newborn
length, highlighting the risks associated with inorganic arsenic exposure in vulnerable
populations.?!

We believe it is necessary to raise awareness of the health, societal, and economic
implications of arsenic contamination in drinking water in Mexico, and to suggest action
steps for an environmental policy change.

Policy Background in Mexico

Two federal institutions in Mexico, the National Water Commission (Comision Nacional del
Agua, CONAGUA) and the Federal Commission for Protection against Sanitary Risks
(Comision Federal para la Proteccion contra Riesgos Sanitarios, COFEPRIS), have primary
responsibility for preventing harmful effects of environmental exposures. They share
responsibility with entities at two other levels of government (state and municipal) for the
management and preservation of water quality.22:23

The Mexican Constitution addresses protection of human health from the adverse effects of
pollution through regulations called “Normas Oficiales Mexicanas” (or ‘NOMs,’ its
acronym in Spanish).2* NOMs spell out the characteristics and specifications applicable to
products, processes, and activities that may constitute a risk to the environment. For
pollutants, maximum permissible limits are specified.2>

In 1994, Mexico adopted its first MCL for arsenic in drinking water (50 pg/l) (NOM 127-
SSA1-1994), eleven years after the WHO recommendation. 2 In 2000, Mexico established a
new MCL, which would be lowered by 5 ug/l each year from 50 ug/l, to reach Mexico’s
current MCL of 25 pg/l in 2005 [NOM 127-SSA1-1994 (2000)]. This MCL remains 2.5
times higher than the current WHO recommendation (from 1993).27 In 2010, 17 years after
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the WHO recommendation, Mexico proposed a new NOM section for water quality
regulation that included an MCL of 10 pgAs/L (NOM-000-SSA1-2010).28

To our knowledge, no public health advocacy focused on arsenic before 2014. In that year, a
mine tailings spill from the Buenavista del Cobre mine contaminated the Sonora River in
Northern Mexico. After this incident, Greenpeace advocated updating the NOM-127-
SSA1-1994-2000. The Mexican government released the 2010 draft NOM for public
comment in 2014 (PROY NOM-250-SSA1-2014).29:30 As of this writing, advocacy has not
resulted in expediting policy change; the government has not yet published a final version of
the NOM.

Policy Challenges

Based on the literature and our own experience, several factors play major roles in
facilitating environmental policy change in Mexico: (1) scientific evidence, (2) risk
communication and public access to information, (3) economic resources, (4) technological
resources, and (5) politics. We explore each element to understand its importance for
advancing policy.

Scientific evidence

Mexico must increase its commitment to improving translation of scientific research to
policy. Strengthening dialogue between policy-makers and the scientific community is
important for policy and the policy-making process. Emerging international evidence
suggests that chronic human exposure to arsenic at levels below 10 pg/l in drinking water is
harmful to health. Studies published in scientific journals have, for example, shown
increased risks of coronary heart disease and stroke mortality in Spanish municipalities. The
association was strongest for women at arsenic levels between 1 and 10 pg/1.3!

United States (US) counties with average drinking water arsenic levels of 22.3 g/l reported
statistically significant increased risk of hospitalization for ischemic stroke compared to
those with 4.5 pg/l.32 Recent meta-analyses suggest that these 10 g/l arsenic levels in
drinking water may increase the risk of bladder cancer by at least 40 per cent.33 The large
number of people exposed to such concentrations worldwide clearly means that the public
health consequences of arsenic in drinking water are substantial.

In 2015, the US Environmental Protection Agency (EPA) was considering whether to lower
the MCL to below 10 pg/1.34 In Mexico, despite considerable local and international
scientific evidence on the adverse effects of chronic arsenic exposure via drinking water,
there has been no translation of this science to policy. Thus, we must increase policy makers
awareness of the maladies caused by arsenic in drinking water.

Risk communication and public access to information

Mexico needs more and better risk communication and public education. Mistaken
perceptions that the risks are lower than science indicates mean that the exposed population
has yet to demand better water quality or adopt personal risk reduction measures. We in
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Mexico can increase public awareness by reducing institutional barriers that constrain public
access to information, including the scientific knowledge and supporting information. For
example, the government requires an unnecessarily burdensome process when someone
requests access to information. Can we organize the body of knowledge, prepare it in easily
understood language for distribution to a lay audience, and disseminate it strategically? Only
then, can the public health consequences be fully understood by the general public and its
representatives — public health officials, regulators, policymakers, and legislators. This
undertaking must engage members of the national academic community plus non-
governmental organizations. Efforts must target the media and classroom activities,
especially in the affected areas.

Economic resources

Mexico’s economy plays a pivotal role in the likelihood of improving environmental policy
because mitigation efforts may be expensive. What will be the costs of a change from the
current limit (25 pg/l) to a lower MCL? A cost/benefit analysis will be needed to compare
the estimated cost of allowing arsenic contamination to continue versus the estimated costs
of reducing it. Policy makers will need to know if the benefits outweigh the costs of
mitigation. However, for a policymaker to support investment, this calculation alone will not
suffice. To estimate the benefits of implementing a policy properly will also require
calculating the sum of medical costs that reducing exposure would render unnecessary along
with output productivity attained by decreasing arsenic exposure. We were unable to find
information about previous cost—benefit analyses in Mexico for arsenic in drinking water in
the publicly available literature. We reviewed academic journals and Diario Oficial de la
Federacion (Mexico), a source of government information comparable to what the United
States publishes in its Federal Register. We assume that Mexico derives the basis for its
current policy from WHO guidelines and/or regulations and studies performed in other
countries. Mexico might try an alternative approach to analyzing costs and benefits, using
methods employed to calculate Death and Disability-Adjusted Life Years (DALYS) for
arsenic exposure in Bangladesh in 2001.3

Technological resources

Mexico needs to develop cost-effective technological resources for arsenic removal. The
affordability and availability of arsenic removal systems plus monitoring and enforcing
environmental policies have been a programmatic challenge for Mexican agencies.
Widespread exposure to arsenic in drinking water means Mexico needs to consider several
strategies.

. Expansion of routine testing of water sources in urban and rural locations to
ensure that interventions are targeted to areas where exposure has been
confirmed, and monitoring and evaluation to assure that those interventions
achieve sufficient reductions in arsenic exposure at a reasonable cost.

. Source substitution (often considered as a short-term solution at the state level)
could be accomplished with limited resources, but it is not likely to be feasible
for protecting many rural populations due to their isolation, poverty, and absence
of alternative water sources.
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. Regulation of private wells needs to be considered because they are a common
source of contaminated drinking water, particularly for many households and
farms in central and northern Mexico. No special provision appears in the draft
regulations.

Mexico will require long-term treatment strategies. The scientific and public health
communities need to engage with populations at risk and with government to encourage use
of new technologies for arsenic removal along with appropriate disposal of the removed
arsenic.

Public health advocates in Mexico will need to engage in the political process to influence
drinking water standards. Advocacy to add arsenic to the government’s political agenda is
the most likely way to influence current and near-future policy decisions. Who will conduct
the risk assessments essential to strengthen evidence presented to policymakers?

In addition to the compelling health issues, Mexico has other incentives for giving priority to
arsenic policy. The Organization for Economic Cooperation and Development (OECD)
reviewed Mexico’s environmental performance in 2013; that is, the extent to which
Mexico’s domestic objectives and international commitments are being met, based on
environmental effectiveness and economic efficiency criteria. OECD recommended that the
government strengthen environmental policy implementation by honoring its commitment to
improve compliance with laws, regulations, and other expressions of public policy, such as
guidelines.3> Mexico is the only country in North America not to adopt the 10 ug/l WHO
guideline: the US adopted it in 2001 with implementation required by 2006; and Canada in
2007.5:36 Pressure to follow Mexico’s northern neighbors could drive policy change.

Legal guidelines in Mexico, the NOMs, are supposed to be reviewed every 5 years — yet
Mexico has not updated the arsenic in drinking water NOM since 2000, and the 2014 draft
has not yet reached NOM status.

We hope our analysis will help move regulation forward in a timely manner. If Mexico
updates its arsenic policy to the current WHO recommendation, it might influence other
countries to do so. National and international members of the academic community and non-
governmental organizations can play useful roles to alter policy in a manner that better
protects the health of populations.

Conclusion

Delays in complying with the WHO-recommended arsenic MCL has undoubtedly led to an
increased burden of disease and huge and avoidable loss of life. Mexico’s current standard
(25 pg/l) does not safeguard human health, and thus reaching agreement to adopt the
international standard, though not simple task, is critical. Policy change in Mexico cannot
occur merely upon presentation of scientific evidence. Affordable arsenic removal
technologies must be available. Alignment of political will with economic and institutional
capacities plays a pivotal role.
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We believe that the WHO guideline value of 10 pg/l should be implemented in Mexico
without delay, and in other countries with similar arsenic problems and economic and
sociodemographic profiles. But even a rapid change in policy will not immediately reduce
the incidence of arsenic-related disease, as past exposures are only now causing chronic
disease — and the latent period means disease will occur long into the future.

Mexico needs to commit now to translation of evidence-based arsenic research into national
policy — by reviewing, monitoring, and enforcing the NOM on arsenic in drinking water
proposed in 2014,
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