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Historically popular for deliberate
poisoning because of its innocuous
looks, lack of odor and taste, and availability
as a rat poison, arsenic soon fell out of favor
with prospective poisoners as chemistry
advanced far enough to detect metallic
substances.? Nevertheless, the element still
influences human health today. Humans
are exposed to mostly innocuous forms of
‘arsenic through the environment, pesticides,
commercial products, and even some forms
of cancer treatment. However, naturally
high levels of arsenic in groundwater are a
significant public health concern, affecting
more than 140 million people worldwide as
of 2018.%*

At the molecular level, arsenic obstructs
enzymes that facilitate cellular energy
production and DNA repair; it also blocks

voltage-gated potassium channels, which
leads to cardiovascular and neurological
problems. There is also evidence that
arsenic induces changes to DNA and gene
expression.* These mechanisms of action
manifest differently for acute and chronic
toxicities. ‘

Up until two centuries ago, an unhappy
individual would stir arsenic into someone’s
food or drink and depart satisfied that
the additive was effective. That many of
these cases involved high-profile deaths
contributed to the dramatic sobriquet
“king of poisons.”* The development of the
Marsh test and expansion of toxicology
accelerated the decline of such nefarious
activities. Today, acute arsenic poisoning
would most likely occur via oral ingestion of
pesticides. While toxicity varies with the type
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of arsenic compound, the most commonly
encountered compound, arsenic trioxide,
has a median lethal dose of around 150 mg/
kg for adult humans weighing an average of
75 kg.> To put this in perspective, imagine
a group of one hundred people attending
a gathering. Tea is served. If each person
added just over two teaspoons of arsenic to a
cup of their favorite tea, they would all enjoy
their beverages; within a few days’ time,
fifty of them would perish, but not before
undergoing disagreeable effects.

PATHOPHYSIOLOGY

Telltale signs of acute arsenic poisoning
involve the digestive system. Most of the
arsenic is absorbed in the small intestine,
where it then travels to the liver to be
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Figure 1: Paris Green. Paris Green contains
harmful levels of arsenic and was once widely
used as a pigment and pesticide. Licensed
under CC BY-SA 3.0.

broken into less hazardous compounds.*
Ingested arsenic will accumulate in high
concentrations for a few days before
being excreted in urine. Thus, all the
aforementioned tea drinkers, including
those who survive the acute poisoning,
would experience unpleasant symptoms.
Even five milligrams of arsenic could
induce abdominal pain, diarrhea, nausea,
and vomiting. Watery, bloody diarrhea is the
characteristic feature of acute poisoning, but
other symptoms include weakness, bluish
digits, and fluid buildup in the lungs.® For
those less fortunate, bloody lesions in the
gastrointestinal tract and extreme amounts
of fluid loss result in dehydration and
cardiovascular failure, eventually leading to
death.

Unlike the tea drinkers who ingested
a single large serving of arsenic, most
people encounter arsenic in far smaller
dosages, spread over their lifetimes. Known
as chronic exposure, this gradual arsenic
intake manifests as its own set of symptoms.
While abdominal pain and diarrhea are

"All the aforementioned tea
drinkers, including those
who survive the poisoning,
would experience
unpleasant symptoms.”

present, chronic exposure also causes
affected individuals to develop darkened
skin, white lines in nails, and rough patches
of potentially cancerous skin growths.®
However, the most significant long term
effects are cancers.

ARSENIC IN GROUNDWATER

Arsenic works some of its most
insidious exposures through groundwater
contamination. In the 1970s, researchers
in Taiwan noticed considerable disparities
in cancer mortality between villages with
different concentrations of arsenic in
their drinking water.” Scientists have since
found that elevated levels of arsenic in
water lead to the highest known mortality
rate for environmental exposures, near the
mortality rate from cigarette smoking.’
Long term health effects persist even
decades after exposure to arsenic has
been sharply reduced. The risk of fatal
heart attacks only lessened ten years after
decreased exposure, while lung, kidney, and
bladder cancer mortality rates remained
high even forty years after. Thus, public
health efforts focus on eliminating arsenic
from drinking water. South Asia houses
some of the world’s most severe cases of
groundwater arsenic exposure.” Some wells
in West Bengal, a state in eastern India, have
had high concentrations ranging from 60
to more than 300 micrograms of arsenic
per liter, far higher than the World Health
Organization’s recommended upper limit of
ten micrograms per liter.>'° Such immense
concentrations in areas where people rely
on wells for drinking, cooking, daily life,
and crop irrigation lead to considerable
ramifications.

Wells extending into groundwater
gained popularity in late-20th century
Bangladesh because they were safe from
disease-causing microbes present in
surface water sources.'* Unfortunately,
high concentrations of arsenic posed an
unexpected issue as arsenic had not yet
been included in water testing procedures."
Surveys in the late 1990s estimated that
around 20 million people in Bangladesh
were consuming contaminated water.
The Bangladeshi government identified
contaminated wells and encouraged the use
of safe water sources, mostly arsenic-safe
tube wells. Other options included deeper
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tube wells reaching into uncontaminated
water, rainwater harvesters, and aerated sand
filters that adsorb arsenic.”'® Despite these
federal efforts, around one-third of these
arsenic-safe water systems fell into disrepair
within a few years.

Since there is currently no treatment
for prolonged arsenic exposure, changing
water sources has shown the most striking
changes in arsenic concentration, followed
by maintaining the sources and monitoring
the population for adverse health effects.!®!"!
The city of Antofagasta in northern Chile
has provided an insightful chronicle of
arsenic’s long-term health effects, especially
the consequences of switching to, rather than
away from, a contaminated source of water.?
Arsenic concentration in 1930s Antofagasta
had averaged around 90 micrograms per
liter. However, the city replaced its source
of water in 1958. Arsenic concentrations
surged up to 860 micrograms per liter,
staying at such astronomical levels until the
city installed an arsenic removal plant in
1970. The level then fell to 110 micrograms
over the course of the 1970s, and then
to 10 micrograms by the early 2000s.
Unfortunately, the damage had already been
done, and Antofagasta would show high
cancer mortality in the decades following
its sudden decrease in arsenic exposure.

From an effective means of intentional
poisoning to a significant groundwater
pollutant, arsenic’s role as a toxin has
accompanied the shift from acute to
chronic exposure. Sinister stories have
given way to widespread public health
problems and significant mortality, as
discovered by epidemiological studies

Figure 2: Medical illustration. A lithograph
from 1859 depicts bodily harm from exposure
to green arsenic. Licensed under CC-BY-4.0.
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"Long term health effects persist even decades after
exposure to arsenic has been sharply reduced.”

on arsenic’s long term effects. The most
urgent action concerning contaminated
groundwater is providing safe water sources
to reduce exposure to arsenic.” Community
involvement and education are needed for
successful interventions, while additional
studies on arsenic’s health effects can
determine the impact of reducing exposure.
Further research may lead to more successful
interventions and author the next chapter of
humanity’s association with arsenic.
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