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Arsenic: An Abundant Natural Poison
By Andreas Saldivar & Vicki Soto

INTRODUCTION

Arsenic is an element found in nature in rocks, soils, water ahith #act, it is one of the most

common elements on eariWhile arsenic has been used historicallynidustry in fertilizers and
preservatives, it is probably best known as a poison, toxic to humans who ingasjetdoses

are fatal relatively quickly, while smaller doses over time can cause diseases such as several
types of cancer and skin disordefgsenic can become an environmental hazard when it is
Aweat heredod from | ocal geol ogi clInthenwotldstodag,n d e n't
many populations are at risk for arsenic poisoning due to exposure from contaminated drinking
water.

HISTORY AND USE

While it is unclear when and who discovered arsenic, historical records show that it was used by
the ancient Greeks, Persians, Romans, and Chilhésdest known as a poison, which was one

of its earliest usedt was almost the perfect poison, difficult to detect because it lacks color,
odor, and taste. The symptoms of arsenic poisoning, similar to food poisoning and other common
disorders, include stomach pains, cramps, vomiting, and diarrhea. It can be \gvdme in
smaller doses making it even harder to detect. One early historical reference to arsenie as a poi
son is by a Greek physician named Discordias who was in the court of Emperor Nero (54
68AD). (R. Smith 2005)

One of the most famous series of poisonings was by the BC p
family, specifically Pope Alexander VI (Pope from 14B203),
his son Cesare, and perhaps his daughter Lucretia. During
lifetime an interesting church law allowed for confisoat of

property foll owing a Victi mo g eat h.

The Pope encouraged cardinals to increase their personal wi
then invited wealthy cardinals to the Borgia's home where t
were served a meal with arsenic laced wine. Upon death, the |
tim's property was seized, so that soon the Bargiare one of the
wealthiest families in Italy. The scheme ended with a strange t
of fate. One day some cardinals were scheduled to attend the
gia's home for dinner. The Pope and his son arrived honhe ¢ Seiiat:"
and were, perhaps mistakenly, served a poisoned bottle Of V qoness ww Vaicanva
The Pope died quickly but his son survived. He was, howe

never in a position of power again and was unable to continue u.

scheme(R. Smith 2005)
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George Wythe (1728806), a founding father, was poisoned by |
grandnephew George Wythe Sweeney, with arsenic to claim an inl
tance.George Wythe was a signer of the Declaration of Independen
member of the Constitution@longress, and the first official law profe:
sor in the United Stateg¢Colonial Williamsburg Foundation n.d.) Hi
taught the likes of Thomas Jefferson, James Monroe , John Marsha
Henry Clay.(USHistory.org 1995)

On the morning of May 25, 1806 Wythellbwed what seemed to be hi
normal routineDuring breakfast he was served coffee laced with-ai geqge wytne

nic. Later that day he, along with a servant, Lydia Broadnax, and fol Courtesy us National

slave, Michael Brown, were all taken ill with severe abdominal pi Archves

Michael was aenefactor in Wythe's will. Wythe's nephew, George, knew that if Michael died
before he could claim his inheritance the legacy would revert to him. Michael died on June 1;
however Wythe hung on to life and despite the pain his mind remained clear. Gsthledold

those assembled at his bed "I am murdered" and died on June 8th. Lydia survived the poisoning,
and reported to the authorities that she had witnessed George adding something to the coffee. His
room was searched and yellow arsenic was foHedvas acquitted of murder primarily because

Lydia was barred from the trial, since in Eighteenth Century Virginia, "Negros were not-permit

ted to testify against white men(Moward 2007)n the hours before his death, however, Wythe

had his will changed leang nothing to GeorgdHoward 2007)

Another famous arsenic poisoner was Mary Ann Cotton (1832
1873). She is reportedly to have killed more than 20 people be
tween 1852 and 1872, including her husbands and her children.
Her motives appear to be financidlpon the death of three of her
four husbands she collected life insurance. One way she would
commit the murders was by serving her victims tea laced with ar
senic. Finally caught when a post mortem examination of one of
her victims indicated arsenic poisoning, she was executed by
hanging in 1873(Murderuk.com n.d.)

Throughout history and today arsenic has had uses other than sin
ister ones. From the US CiwVar (18611865) to 1910 it was the
main ingredient in embalming fluidéKonefes and McGee n.d.)
From the late 1800s to the 1960s it was heavily used in pesticides;
indeed, pesticides accounted for the greatest use of arsenic for the first half of tiethveen

tury. (Robinson and Ayotte 2006) (Bleiwas 2000)

During Victorian times women applied an arsenic compound to whiten their (d=sd 2005)

At the same time some women consumed an arsenic solution, known as Fowlers Solution, which
was especiallpopul ar with Victorian era prostitutes
solution was a 1% potassium arsesnite solution that damaged the blood vessels in the skin, hence
the rosy complexionBentley and Chasteen 2002)

Arsenic was mined in the UfSr most of the 20th century and primarily used in pesticides. Pro
duction peaked in 1944 at 24,800 metric tons. The peak consumption years were during World
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War 1l (WWII) when the US used approximately 30,000 metric tons per year. After WWII, with
the detine of arsenic pesticides, domestic production dropped to generally less than 10,000 met
ric tons/year. Domestic production continued to decline to 2,200 metric tons in 1985. Since 1985
there has been no US production of arsenic and all consumptiondmagid@émports. Consump

tion generally declined after WWII to a 54 year low in 1976 of 9,700 metric tons. From 1977 to
2003 domestic consumption dramatically increased for use in preassated lumberA high of
30,100 metric tons occurred in 1998, witker 85% of domestic consumption for pressure
treated lumber(Kelly, Matos, et al. 2009pn December 31, 2003, upon a directive from the US
EPA, the domestic pressure treated lumber industry stopped using aflde®id=nvironmental
Protection Agency 2&) US consumption dropped from 21,600 metric tons in 2003 to 6,800
metric tons in 2004Brooks 2008)

Throughout history arsenic has been used in various medicines. Most had limited to no real bene
fit. In the mid 20th century some drugs containing arsémown as arsenicals, showed some
effectiveness on human trypanosomiasis (a parasitic protozoan). However, arsenicals are toxic
and caused death in 5 to 10% of the patients. Despite the danger, these drugs are still used in
Africa today.(American CancefBociety 2009)A recent medicine, arsenic trioxide, has shown
effectiveness on acute promyelocytic leukemia, APL. It received FDA approval in 2001.
(Bentley and Chasteen 2002)

Today arsenic is used in pesticides (850 metric tons in 2004), glass makingrrausialloys

and electronics. One contemporary use that may increase is in semiconductors used in light
emitting diodes (LEDs) and solar cells. The compound gallium arsenide, GaAs, is used for some
semiconductorgBrooks 2008)

CHEMISTRY/GEOLOGY

Arsenic has the chemical symbol As, the atomic number Ancient Aichemical Arsen _ic Symbol

and an atomic weight of 74.92. It is present throughout

Earth's crust at varying concentrations with an average 1

centration of 1.7mg/kg(Robinson and Ayotte 2006Jhe

t wentieth most abundant el Eart h
found in sedimentary, igneous, and metamorphic rocks.

sedimentary iron ores the average concentration is extrel

high at 400 mg/kg(ISSI Consulting Group, etl. 2000)

Arsenic occurs in 5 differemalencestates:
Source: Wikipedia
Arsine -3
Elemental Arsenic 0
Arsonium Metals  +1

Arsenites +3

Arsenates +5
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Elemental arsenic is rarely found in nature, whereas arsenite and arsenate are the two-most com
mon states found.

Arsenic can occur botimorganicallyandorganically If the compoundcontains carbon (symbol

C) then it is considered organic. Organic arsenic can be found in nature in water, natural gas, and
shale oil. It is found in the human body due to liver enzyaotierity. (ISSI Consulting Group, et

al. 2000)Some examples of organic arsenic are:

Monomethylarsonic acid CH3AsO(OH)
Dimethylarsinic acid (CHz3)2,AsO(OH)
Trimethylarsine oxide (CHg3)3AsO

Inorganic arsenic is found in almost all rocks and many mineraks.nfost common minerals
are:

Arsenopyrite FeAsS Found in high temperature veins associated with tin and tungsten
ores

Orpiment ASS3 See below

Realgar AsyS, Realgar and Orpiment often appear together in lead and

sliver deposits

Weathering of rocks results in arsenic being present
in almost all soils and sedimeni&he concentration

of arsenic in sediments is largely dependent on
source rock. Sediments derived from volcanic rocks
generally have higher arsenic concentrations. The
arsenic concentration in soil normally varies from
0.1 to 40 mg/kg. Extremely high comteations of

up to 8000 mg/kg can occur in soils associated with
sulfuric ores(ISSI Consulting Group, et al. 2000)

D."I':"'Pm' (Arsenkies)
egorsk, Primo.
Wi v

\ Anthropogenicarsenic compounds used in agricul
Arse nopytite . ture, industry, and wood preservation are other
Courtesv Berlin Museum of Natural Historv .. . . ..

sources of arsenic in soil and sedimeftsenic in
rock, soil, and sediment eventually makes it into ground and surface water where it can be found
in both the arsenite state (AS+3) and the arsenate state (AS+5). Arsenate is foxidizing
conditions while arsenite is found in sufficientBducingconditions.(ISSI Consulting Group, et
al. 2000)
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Toxociology
While arsenic occurs in both organi Arsenate (AsY) Arsenite (Asi)
and inorganic compounds, the tw OH s OH
types behavalifferently in the human O=Asv—OH rom— HO—As""—OH
body. Organic arsenic compounds al & Reductase
not metabolized easily and, when ir e ol
gested, are excreted unchange Helmpmnstomsalk,
(ASTDR 2007) Inorganic compounds T sAne
of arsenic are metabolized, formin '
monomethylarsonic acid and dimethy T
larsinic acid. OrRCts
OH
(ASTDR 2007) Methylarsonic acid (MMAY)
Human exposure to inorganic arsen MMAY | GSH
can occur in several different ways Reductase |
Dermal or skin exposure, inhalatior OH MMA OH
and ingestionlnorganic arsenic is clas . — Wetlyliapsiomse Asi—CH,
sified as a Class A Carcinogen, C|H3 ./ N o
Human Carcinogen, by the U.S. Env  Dmetyarsiic ac s Vetylrsonous acd

ronmental Protection Agencyh&n ex
posure is ingestion or inhalatiofU.S.
Environmental  Protection  Agency
1998)

SAHC = S -adenosylhomocysteine; SAM = S
Adapted from Aposhian et al. 2000b

-adenosylmethionine

Dermal/skin exposure may result in skin irritation with local redness
and/orswelling but has no permanent toxic effe¢&STDR 2007)

Inhalation: exposure of this kind can be occupational, such as refinery
workers and farmers. Exposure of greater than .75 mg/m3 is associated
with a greater risk of lung cancgiorld Health Orgaization, 2001)
(ASTDR 2007)

Ingestion: Large doses (from 50 to 300 mg) of ingested arsenic are fatal.
(ASTDR 2000)Smaller doses can come from food and/or drinking water

and cause Asymptoms such as st omach
rheao asidwef basasd production of rec
which may cause fatigue, abnormal heart rhythm, bleessel damage
resulting in bruising, and i mpaired
needl esd sensati on (ASTDR ga®@QLonghemmnds an
exposure’ from 5 to 15 years can lead to various cancers including bladder, liver, lung and

skin. Other skin diseases may develop including patches of roughened skin on the palms and
soles, which can be a hallmark of chronic expod&8TDR 2007)(World Health Organization

2001)

—

Skin Lesions
Smith, et al, Bulletin of
the World He alth
Organization, 78 (9)
2000

Arsenic is mainly excreted from the body through urine within 1 to 2 dA$IDR 2007)Indi-
cators of exposure to arsenic can be measured in urine but can also occur in hair, nails and blood.
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Arsenic levels in blood can onlyetermine relative recent exposures since arsenic is removed
from blood very quickly(ASTDR 2007)Hair and nails can show past exposure if exposure oc
curred during their growth cyclélair may show relative timsinceexposure but care must be
taken to ot have external influence ofdsorbedarsenic from the air(World Health
Organization, 2001)ASTDR 2007)

Naturally occurring dissolved forms of inorganic arsenic are found in drinking water supplies
and make up many of the possible sources of humarsesgoArsenicosisor arsenic poison

ingi occurs after chronic or long term exposure to arsenic contaminated drinkingNateally
occurring arsenic compounds appear i n much
Higher concentrations of arsersompounds in groundwater do appear in various countries in
cluding the USA, Thailand, China, India, Argentina, Nepal and Banglaq@sbrld Health
Organization 2008)

Water Quality Guidelines

In 1958, The World Health Organization (WHO) set the first Irdgomal Drinking Water Stan

dard for arsenic concentration at 200 pgihicrograms of arsenic per liter of watelr). 1963,

the World Health Organization recommended lowering the International Drinking Water Stan
dard from 200 to 50 pg/LThe current WorldHealth Organization provisional guideline was
lowered to 10ug/L in 1993. While this limit is recommended, it is not manddgargelines and

their enforcement in specific countries are set by the individual courittast.developed coun

tries follow thec ur r ent recommended | i mit, but many
water guidelines remain at the 50ug/L limit due to the high costs of monitoring and compliance
to the lower levelGuidelines can range from 7ug/L in Australia to the former W@ ejine of

50 ug/L in Bangladesh, India, China and Ne@alorld Bank 2005)

In the United States, the Public Health Service set the first drinking statedard of 50 pg/L in
1942.In 1975 the U.S. Environmental Protection Agency (EPA) adopted this as an intedm stan
— dard.Amendments to the Safe Drinking Water Act of
sy e a 1996 required the EPA to promulgate a final standard
for arsenic by 2001, at which timeissued the final

rule for the drinking water standard or maximum
contaminant level (MCL) for arsenic at 10 pg/L to
lower the risk of yearly cancer occurrencé&sien
though the new MCL was published in 2001, public

., DHAKA drinking water supplies had until 2006 be comph

RangpLir

Mymensingh i

* Ihet
Réjshahi e
A,

INDIA Nardyerpag] ant. (Tiemann 2007) (U.S. Environmental Protection
K;m;a - Agency 2001)
Mongl ’
e Bhigpaong CASE STUDIESi BANGLADESH AND USA
) mem suswa  Situated on the GangésBrahmaputra delta, Bangla
Naw Moo sk oxs®

desh is a densely populated country with approxi
mately 140 million people and a primardgricultural

Courtesy of the CIA o economy. (UNDP Project Access to Information
https://lwww.cia.gov/library/publications/the -

world -factbook/geos/bg.html

Bazar
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Programme n.d.)

Prior to 1970, after wbhh Bangladesh be
came independent from Pakistan, surfe
water wa s t he ar ea
drinking water. However, contamination
caused many cases of waterborne disee
with high mortality, notably cholera. Tc
prevent this, throughout the 1970s éul
wells were installed in Bangladesh to acce
shallow (1050 meters) groundwater as &
alternate drinking water supply(Smith,

Lingas and Rahman 2000) (Mead 2005)

Inthemid1l 98006s patient:
were showing the characteristic skin lesio
tha appear from chronic exposure to hig
arsenic concentrations. In the early 199
the groundwater of regions of Banglade:
was tested for arseni¢Smith, Lingas and
Rahman 2000) (UNICEF n.d.) Higbon

centrations were found, ranging from le:
than 1 pg/L to greater than 300 pg/L
(British Geological Survey 2001jMead
2005)A regional variation grading to highe
concentration of arsenic was found

groundwater in the south southeast [see
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Map of arsenic distribution in groundwater in Bangladesh
Courtesy of the British Geological Survey
http://www.bgs.ac.uk/arsenic/bphase2/maps/nhs/as2.gif

map]. In addition, other metals were preseiw
in concentrations hlger than the recommended WHO guidelirfes. instance, 35% of sampled
wells had concentrations exceeding the WHO guidelines for manganese of 50 (Bgitish
Geological Survey 20@ut of the over 8 million tube wells in Bangladesh, more than half have
been tested for arsenitt. is estimated that about 20% of the tube wells have unsafe levels of ar
senic over 50ug/li the national standard for Bangladesh. It is estimated that over 35 million
people are exposed to contaminated drinking water with contensraf 50 ug/L or higher and

57 million people exposed to drinking water with concentrations greater than 1QUNCEF

n.d.) (Smith, Lingas and Rahman 20@@yitish Geological Survey 2001)in addition, over
10,000 people have shown evidenceaodenicosiswith this number expected to ris@Vorld

Health Organization 2001)

a3°

Various programs for identification and mitigation of arsenic in groundwater have been and are
being carried out in Bangladesh, beginning with well testing to determine thleolesarsenic
concentrationMeasurement is done in the field with test kits or in a laboralarye wells with
arsenic concentrations higher than the national standard of 50 pg/L are painfEdbedvells
with arsenic concentrations lower than the orad standard are painted gre€world Bank

2005) Once a well has been deemed unsafe, users are steered towards another source of safe
drinking water, which could include another, deeper groundwater source, surface water supply or
rainwater harvestingdther options for a safe water supply have other inherent problems such as
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microbiological quality of surface water sources and
economic limitations relating to drinking water
treatmentIn many cases, people are directed to use
other tube wells shown to havarsenic concentra
tions below the national standard.

Social problems exist with this approadAublic
awareness and education campaigns need to be dili
gent to explain the color difference between safe or
contaminated water supply represented in the green
or red painted tube wells. Furthermore, many wells
are privately owned and therefore less likely to be
shared, people believe that boiling will improve-wa

i ter quality, and there is a belief that after many years
Counes of the Evangelical Lutheran Church of presentation and education, groundwater is a
in America ifsaf eo wa(The World Bapkinviyonment

http://archive.elca.org/globalgifts/bandlades and Social Unit South Asia Region 2005)
himages/tubewell5.jpg

In Bangladesh, many government, nongovernmental

and international organizations, such as UNICEF,

the World Bank, the World Health Organization and
WaterAid, are involved in all aspects of arsenic monitoring and mitigation performing projects
from well screeningawareness and education campaigns, to various treatment options and deci
sion and policy makingWorld Bank,2005)

In the United States, arsenic eor
centrations are generally les
than 1 pg/L but can be highe
locally in parts of the northeas
and midwest and in the wester
states. (U.S. Geological Survey
2000 As part of the National
Water Quality Assessment Prc
gram (NAWQA) of the United
States Geological Survey, th
Trace Element National Synthe
sis Project is studying variou:
metals and other elements,- ir
cluding arsenic, in the Unitec
States.This projectincludes cof _ N )

. . Concentration of arsenic in the United States
IeCtlng data on arsenic coneer Courtesy of the U.S. Geological Survey
trations in water supplies in date http:/iwater.usgs.gov/nawqaltrace/pubs/geo_v46n11/figl.html
bases and producing data sets
and maps of arsenic concentrations. For more information, visit
http://water.usgs.gov/nawqa/trace/arsenic/index.html

Concentration of arsenic
A At least 50ug/L

N
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When the new MCL went into fefct in 2001, the EPA estimated that there were 54,000 cemmu
nity water systems and 20,000 roommunity water systems in the United Sta€@st of these,
about 3,000 community water systems and 1,100coommunity water systems would be af
fected by the lsange in water quality standard where the drinking water quality would fall out
side of the new limitThese 4,000 systems served approximately 13 million pedpé&cost of
compliance to the new rule was estimated to be about $181 million, withgihest percentage
going to new treatment technologi@$e EPA also estimated that reducing the standard would
lead to 1931 fewer cases of bladder cancer per year argblf@wer cases of lung cancer per
year. (U.S. Environmental Protection Agency 20(Rjivate well owners are responsible for
testing their own well and each state has information and guidance to assist owners.

WATER TREATMENT OPTIONS

The effectiveness of a treatment depends on a number of factors, including the oxidation state of
the arseit present (arsenate or arsenite), pH, and competing ions. Arsenate, due to its higher
charge of +5, is more easily removed from water than arsenite. The oxidation state of arsenite
can be altered from +3 to that of arsenate +5 using ozone or chloritiefeby making it easier

to remove from the water. The EPA has approved a number of different methods to lower the
concentration of arsenic in water. These include coagulation/filtration, adsorptive media, reverse
osmosis, ion exchange, and iron oxidedtiion. (U.S. Environmental Protection Agency 2007)
(U.S. Environmental Protection Agency 200®rinking Water Program, Maine Division of
Environmental Health 2005)

Coagulation/Filtration

This method involves adding a coagulant, such as ferric sulféermrchloride, to the contami

nated water. The coagulant alters the properties of the suspended or dissolved contaminants
causing them to settle so that they can then be filtered out of the {tat®er.Environmental
Protection Agency 2006)

Adsorptive Media

This involves passing the contaminated water through a mediad$@atbghe contaminants. For

arsenic, the most common media used is activated alumina (aluminumAlxi@g), This proe

ess is more effective if the pH of the water is 6. Effectivedesseases as the pH increases.
(U.S. Environmental Protection Agency
2006)

Reverse Osmosis Reverse Osmosis

Salts Macromolecules

k- °ss o2° This is a process in which the water is
% -.g’- g :
l/ i *e%s Q—— passed through a membrane with very

2 MEMBRANE )
-.,'%:i. tiny pores. Small water molecules pass
g, Wt through but larger elementike lead,
iron, chromium, and arsenic are
trapped. This works for arsenate (arse
nic +5) but not for arsenite (arsenic +3).
If the contamination is from arsenitie water must pass through a-predizing system first to
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change it to arsenate. Reversenosis systems can be small and attached to a single faucet.
Environmental Protection Agency 200€Prinking Water Program, Maine Division of
Environmental Health 2005)

lon Exchange

This system works by passing th
contaminated water through rasin

bed ofchloride ions The arsenic ions
knock the chloride ions out of th
resin bed and take their place. Whe
the resin bed is full of arsenic ions
is back washed with water saturate
with salt. The trillions of chloride
ions overwhelm the arsenic mele
cules sending them into the bac
wash water, which is then taken ol
of the system as waste water. Tl
chloride ions also recharge the res
and the process can begin aga
(U.S. Enviromental Protection
Agency 2006)

lon Exchange

Courtesy US EPA

Iron Oxide Filtration

This works similarly to an ion exchange system with the added benefit of removing not just arse
nate but also arsenite. Unlike the ion exchange system, the filters are not recharged but are dis
posed. ltican be used in conjunction with a reverse osmosis system that is not effectively remov
ing arsenatgDrinking Water Program 2005)

Tests of these systems have shown that they reduce the concentration of arsenic to 5 ppb or less.
(U.S. Environmental Protdon Agency 2006) The technology chosen is dependent on various
factors including volume of water and other contaminants to be removed.

One relatively new method of arsenic removal is filtering the water using granular ferric hy
droxide (GFH) aradsorbentStudies have shown that it is effective on both arsenite and arsenate
with 5 to 10 times higher efficiency than activated alumina. Tests show that the adsorbent can
treat 40,000 to 60,000 bed volumes of water before exceeding the arsenic limit of 10ug/L.
leaves a residual waste of 5 to 25gbhwater treated. Under normal conditions the arsenic does
not leachfrom the waste. Therefore it can be disposed of ashaaardous. The system is cost
effective, easy to install and does not require constanttonmy. (Pal 2001) In the US, GFH
systems have been in use for some water systems since 2003. (Siemens AG 2009)
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