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Arsenic

Natural History

Well known poison for use as a suicidal and homicidal
agent (eg, 19t Century as “Golden Age” of As poisoning)

Medicinal uses since antiquity to the early 20t century
L_ewisite used in WW | as a vesicant
Subsequent development of BAL as an antidote

Primary uses in agriculture, forestry, animal husbandry,
wood preservation, pigments, semiconductor industry
(arsine gas)

Natural occurrence Is common In water and soll
Inorganic arsenical compounds are of greatest concern




Pre-Columbian Mummies
with Chronic Arsenic
Poisoning

Camarones Valley
Northern Chile

Inca period
(15th Century)

Hyperpigmentation
Squamous Cell Carcinomas

*80% of modern inhabitants in this
region had skin lesions

Gerszten E, Allison MJ, Sawyer DR. Paleopathology 2, 2000.




Arsenic Poisoning Through the
AQEesS

The 19t Century can be regarded as the
“golden” age of arsenic poisoning:

1881-1882: Goelie Mie (‘Good Mary’) of
L_eiden, The Netherlands, poisoned at
least 101 friends and relatives.
Distributed As,O; In hot milk to her
victims after opening life insurance
policies in thelr names.




Goele Mie’s toll

o 102 people poisoned
(1867 —1884)
e 45 persons seriously ill, *=
often with neurological :
sequelae

e 27 persons died, 16 of
whom were relatives
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Groundwater arsenlc: calamlty in Bangladesh

Ratan Kr. Dhar, Bhajan Kr. Blswas, Gautam Samanta, Badal Kr. Mandal
D. ChakrabortlT, Shibtosh Roy*, Abu Jafar*, Ariful Islam*, Gulshan Ara®*,
Saiful Kabir*, A. Wadud Khan**, S. Akther Ahmed** and S. Abdul Hadi**

School of Eanvironmental Studies, Jadavpur University, Calcutta 700 032, India
*Dhaka Community Hospital, Malibagh, Dhaka 1219, Bangiadesh. '
**National Institute for Preventive.and Social Medicine, Mahakali, Dhaka 1212 . Bangladesh

CURRENT SCIENCE, Vol. 73, No. 1, July 10, 1997, pp. 48-59.
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Arsenic Contamination of Groundwater in India and
Bangladesh

INDIA

States and Union Territories

First reported in mid- 1980°s

RAJASTHAN

Tube wells screened in 3000 o S
villages in West Bengal
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Arsenic (>>As.)

Arsenic (is a metalloid; it complexes not only with other metals, but also C, H,
O):

occur naturally

exhibit both metallic and nonmetallic properties

Major groups of arsenic compounds:

Inorganic arsenic : As,O;, As,S;, NaAsO,, Na,HAsO,

liver metabolites (“de-toxification™ mechanism) :
monomethylarsonate (MMA®*; MMA®*?) & dimethylarsinate

(DMA>*; DMA?**?)
organic arsenic : Arsenobetaine, Arsenocholine, trimethylarsenic
tetramethylarsonium cation

arsine gas (AsH,)

Toxicity: Arsine gas > Inorg (As*") > Organic (As>")
> |norg. (As>*) > Organic (As>*) > As®




LD,
Arsenic Compound (mg/kg) Animal

Inorganic arsenite [As(l11)] 4.5 rat
Inorganic arsenate [As(V)] 14-18 rat
MMAA - monomethylarsonic 1,800 mouse
DMAA - dimethylarsinic acid 1,200 mouse
TMAO - trimethylarsine oxide 10,600 mouse
AsB - arsenobetaine (marine) > 10,000 mouse

AsC - arsenocholine (marine) 6,000 mouse
LD, - concentration at which 50% of a population dies.
Low LD, - more toxic High LD;, - less toxic




Reducing O, & Arsenic Mobility
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Ag5+ (1)
arsenate /% [CH,AS 3+ (OH),]

(M MAIII)
ASS_+ =~ L/'

arsenite
(2)

SAM 2e-  [(CH,),As 3*OH]
I L hAm

SAH

Monomethylarsonate—
(MMAY)

SAM ©)

SAM: S-adenosyl methionine SAH Dlmethylarsmate

\%
SAHC: S-adenosyl-homocysteine (D MA )

(1) Arsenate reductase & GSH - .
(2) Arsenite Methyltransferase B I OtranSfOrmatl on pathways

(3) MMA Methyltransferase for arsenic in Humans




Sulfonate-ribose




Potential Sources of Arsenic
EXposures

Natural (geological) (As'"' and AsY)
Drinking water (AsY)

Foodstuff (Inorganic and organic As)

Industrial
e Smelting of sulfidic ores (As'!!)

Pesticides (AsY)
Medical drugs and therapy (Trisenox, As,Os)
Cr-Cu-As Pressure-Treated wood




Use of Arsenic in United States

" Thousand Metric Tons

B Other
Mon-ferrous alloys and electronics

Ceramic and glass
B Wood preservative
Agricultural chemicals




<] ntial Sources of Exposure: Cr-Cu-As
Treated \Wood

of Pathology
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Inhalation

Arsenic
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Pathways
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Arsenic Exposure

HEALTH EFFECTS




Major evidence that Arsenic
IS a Human Carcinogen

Exposed group Increased Cancer Risk

Smelter workers Lung cancer
Arsenical pesticide workers Lung cancer

Patients treated with arsenic- . Skin cancer
containing medicinals (mostly for psoriasis)

Arsenic In drinking water: Taiwan, Chile,
Argentina, Mexico, China, Bangladesh,
India (Bengal region), Japan, etc.

Follow-up study on Taiwan group lung, liver, and
possibly kidney, and colon




ARSENIC PARADOX

Arsenic (arsenite, arsenate) Is a well-established human
carcinogen, but until recently has been negative in all

well-designed animal carcinogenicity bioassays.




In Vivo carcinogenesis by inorganic
arsenic before 2001

* Inorganic arsenic consistently failed to induce tumors in 4
species of animals at reasonable doses.

e Only extremely harsh conditions (high doses intubated into
lung) gave some tumors. Most mice died.

* Arsenite also failed as an initiator and as a promoter in 2 stage
carcinogenesis.

 Arsenite is a comutagen. Could it be a cocarcinogen?




Potential Modes of Action for Arsenic Carcinogenesis

ASIEXIESIRE

Altered Oxidative
DNA Stress

Repair Altered
DNA
Methylation

Chromosome Modification of
Abnormalities Cell Proliferation

Celrelnoensis




Health Effects Associated with

Arsenic Exposure

Cancer: skin, lung, bladder, liver, kidney
Cardiovascular disease

Peripheral vascular disease
Developmental effects

Neurologic & neurobehavioral effects

Diabetes Mellitus

Hearing loss

Portal fibrosis of the liver

Lung fibrosis

Hematological effects (e.g., anemia)

Tchounwou PB, Patlolla AK, Centeno JA.
Toxicologic Pathology 31:575-588 (2003).




Arsenic-Induced
Hyperpigmentation

= g

As-EXxposure

From coal use
(Guizhou Province,
China)

king
Water (West Bengal, India)

Centeno JA, et al. 2000 (ISBN:1-881041-68-9)




Basal Cell
Carcinoma

Centeno JA, et al. Environ Health Perspec 110, 883-886 (2002)




Dermatological Manifestations:
Dose-Response Relationships

1. At high dose exposure (e.g. 0.04 mg/kg/d) hyperpigmentation may
appear with 6 months to 3 years.

2. At lower exposure rates (e.g. 0.01 mg/kg/d) hyperpigmentation
may appear within 5 to 15 years.

3. Hyperkeratoses usually follows the initial appearance of
hyperpigmentation with a period of years.




Gastrointestinal Manifestations of Chronic
Arsenic Exposure

IS a rare, but relatively specific
effect that may occur after years of arsenic ingestion at a

concentration of 0.01 mg/kg/d. Diagnosis Is by liver biopsy.

has been reported, but Is not an
iInvariable finding. Hepatic size may be measure by palpation, but
IS often inaccurate and Is ultimately qualitative.




Gastrointestinal Manifestations of Chronic

Arsenic Exposure
(cont.)

2. Relationship of arsenic to cirrhosis Is uncertain.

3. Relationship of arsenic to IS possible, but
IS an inconsistent findings in epidemiological studies. Viral
Infection may be a factor in hepatocellular carcinoma from studies

on arsenic-exposed endemic areas (Taiwan).

4, . Case reports only; no population studies.
However, It Is a long- perlod ofi exposure and highly associated

with arsenic exposure.




Cardiovascular Manifestations of
Chronic Arsenic Exposure

1. Peripheral vascular insufficiency has been linked to
chronic arsenic exposure, most notably in Taiwan.

Early symptoms: subjective complaints of coldness
and numbness In the extremities (usually the feet).
Raynaud’s syndrome has also been reported.




Arsenic Exposure: Other Health Effects
Recent Environmental Studies

Chiou et al. (Env Health Perspec 1999) reported a
dose response relationship between the prevalence
of cerebrovascular disease and ingested inorganic

arsenic in 8102 men and women.

After adjusting for demographics, smoking, EtOH,

personal history and family history, the authors
found an increased prevalence ofi CVD especially.
Infarction.




Arsenic : Other Health Effects
Recent Studies (cont.)

Cerebral Infarction Risk Ratios

1.0 X
3.4 X
4.5 X
6.9 X

at 0.0 ppb As

at 0.1 -50 ppb As

at  50.1 - 299.9 ppb As
at > 300 ppb As

Chiou et al. (Env Health Perspec 1999)



L8N Arsenic Exposure: Other Health Effects
Recent Environmental Studies

I;-_

*
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Other Health Effects:
Incidence of Diabetes
Mellitus and its Possible
Assoclation with Arsenic
Exposure (Taiwan Study)

m Arseniasis-hyperendemic
villages
Monendemic townships

Diabetes incidence
(per 1,000 person-years)

45-54 f5-64
Age (years)
Tseng C-H, et al. Env Health Perspec 2000;108:847-851




Arsenic Exposure

Environmental Case Studies




Average Arsenic Levels In
Antofagasta*

1950-1957 90
1958-1970
1971-1979
1980-1987 70
1988-1996 40

I Data represents an average ofi existing arsenic water
measurements (Pederos 1994)




Retrospective evaluation of infant mortality in Antofagasta (Chile),
a high arsenic exposure community, compared to infant mortality rates
in low arsenic areas

Post-Neonatal Mortality Rates
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Results From Mortality Analysis

e Overall decrease over time In fetal, neonatal
and postnatal mortality.

e Increased fetal and infant mortality in
Antofagasta during the period of high arsenic
In drinking water.




Chronic Arsenic Exposure from Drinking Water
and Reproductive Effects

Study being conducted in Chile:

e Retrospective evaluation of infant mortality in Antofagasta, a
high arsenic exposure community, compared to infant
mortality rates in low arsenic areas

Both Valparaiso and Antofagasta have centralized water
distribution systems.

The arsenic concentration in the drinking water in Antofagasta
IS about 40-50 ug/L; the arsenic concentration in Valparaiso Is
<1 pog/L.




Prospective Study (Continued)

Prospective evaluation of birth outcomes in a cohort of
pregnant women from Antofagasta and Valparaiso, the control
community.

Birth outcomes will examine low birth weight, preeclampsia,
prematurity, and gestational diabetes.

Maternal urinary arsenic levels and newborn hair arsenic
concentrations will be measured as indicators of arsenic
exposure.

Collect additional biological samples (maternal blood,
placental tissue, and cord blood) and study methylation
patterns during pregnancy.




Clinical Characteristics of 248 patients in West Bengal
(DN Guha Mazumder et al. 1999)

Clinical features No. of Patients %
Skin cancer 5 2.02
Kidney cancer 1 0.40
Keratosis (sole and palm) 65.3
Rain-drop pigmentation 94.4

Hepatomegaly /6.6
Splenomegaly 29.4
Polyneuropathy 29.8
Weakness (fatigue) 65.7
Cough 62.1
Anemia 44.0
Dyspepsia 66.5




Arsenic Exposure

Analysis and Biological
Markers off Exposure




Arsenic Species
Decreasing

Toxicity AsH, - arsine (gas)
As(I11) - Inorganic arsenite
As(V) - Inorganic arsenate
MMAA — monometylarsonic (As3*)
DMAA — dimetylarsinic acid (As3*)
MMAA - monomethylarsonic acid
DMAA - dimethylarsinic acid
TMADO - trimethylarsine oxide

AsB - arsenobetaine (marine) *

_ __AsC - arsenocholine ﬁmarine) * _ _ _
Thus, arsenic speciation studies are critical for accurate toxicological evaluation,

bioaccessibility studies, and risk assessment.




AS speclation studies

Environmentall Analysis:
o AS speciation In water (numerous reports)

Biological Analysis:
Urine analysis (numerous reports)
Body fluids — blood, bile, plasma (Suzuki)
Hair and nail samples (Suzuki)

Marine animal samples (several reports, review by
McSheehy)

Tissues?




Overview: off Asi speclation: technigues

o Separation:
Liquid chromatography — moest common
» Reverse phase, ion pair, ion exchange
Gas chromatography
Capillary electrophoresis
Supercritical fluid chromatography

e Detection:
ICP-MS (element-specific)
Hydride generation AA
Mass spectrometry
Voltametry
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Calibration

DMA Standards: 1, 5, 20 ppb

As(Il) IVIA

As(1V)

" N\-MN AN AR 5
—— " / PO A - AT 2 L».;"»‘«ww‘*, NAEYESAR YT oo
T “ T [ “ T T I ‘ T T 1 “ T T T [ I I

I [ “ T T T T ‘ T T 1T T T 7 T T T T 7 T T T T [ T TT
2.0 3.0 4.0

Time, min




Arsenic Speciation in Urine
As''' (A: Control case; B: Exposed case)




AMINOTRANSFERASES AS BIOMARKERS
Correlation with Total and Speciated Arsenic in Rat Liver

Biomarkers (serum): Alanine aminotransferase (GPT)
Aspartate aminotransferase (GOT)

Rationale: 1. GPT and GOT are released from liver when
hepatocytes are damaged or destroyed;

2. Serum activities of these enzymes has been
reported to increase in cases of hepatocellular
damage due to toxic substances;

3. Previously published studies reported elevated levels
of serum aminotransferases following arsenic toxicity.

Chemical Analysis:  Aminotransferases (GPT and GOT) serum activity
Total and Speciated arsenic In tissues




Effect of arsenic trioxide on the serum activity of alanine
aminotransferase (GPT
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Tchounwou, Patlolla, Todorov, and Centeno (in preparation)



SUMMARY

Several epidemiological studies have demonstrated marked increased
mortality for cancers of: skin, bladder, kidney, liver, and lung for men
and women chronically exposed to arsenic from contaminated
drinking water.

Understanding the relation between arsenic and its chemical forms in
environmental and geologic media could help to identify areas where
exposure and health problems may exist. This infoermation could be
used to systematically map (eg, GIS) arsenic distribution and identify
locations of high- and low-As strata.

Risk assessment and epidemiological studies of arsenic health effects
must consider background exposure, modes of occurrence,
chemical/physical speciation, and natural modes ofi exposure.




Future Directions

¢ Standardize measurements on “speciation’” of arsenic Iin
biological and environmental samples (eg, bioavailability,
bioaccessibility studies);

To use arsenic “speciation” on the development of
epidemiological studies to evaluate chronic low-dose risks
(eg, developmental and reproductive toxicology);

3. Tostudy genetic changes and biological markers in various
pathological types ofi major arsenic-induced cancers;

4, To establish the role of arsenic and the occurrence of

(non-systemic) clinical outcomes:

- Diabetes mellitus, hypertension
- Hematological, neurological and pulmonary manifestations




INTERNATIONAL TISSUE REPOSITORY
ON CHRONIC ARSENIASIS

Description: Arsenic is a cancer-inducing

agent. A central repository for stored specimens
from acute and chronically exposed individuals will
assist the military and public health community

In Improving risk assessment of arsenic-induced
health effects.

Activities:

of tissues and biological specimens;

Consultation on arsenic health effects

Use of archival material on medical

projects: pathology, reproductive
toxicology, experimental animal studies;
risk management and risk assessment;
(speciation studies)
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QUESTIONS?




