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Environmental Health

“In its broadest sense, environmental health comprises
those aspects of human health, disease and injury that are
determined or influenced by factors in the environment.

Thisincludes not only the study of the direct pathological
effects of various chemical, physical and biological agents,
but also the effects on health of the broad physical and
social environment, which includes housing, urban
devel opment, land-use and transportation, industry and
agriculture”.

-Healthy People 2010




Environmental Health
An Approach to the Sudy of Human Diseases
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Metals (and metalloids) affect
many targets

L ead: brain, blood formation
Mercury: brain, heart function
Nickel and chromate: allergy, cancer
Cadmium: kidneys

Arsenic: skin, bladder, liver, kidneys
Several metals. cancer risk




Risk Assessment | ssues
Related To Metals

Different valence states of metals and different metal
compounds produce different health and/or
car cinogenic response.

Metals are part of the background.
Animal and human responses are not consistent.

Variation in individual susceptibility.

Bioavailability vs Bioaccessibility of metals.




kN Different Valence States of
B Metalsand Metal Compounds

Not every valence state of the metals known
to be carcinogenic in humans has been
assoclated with an increased risk of cancer
(e.g., Cr3*, As?, metallic nicke).

Varioustheories exist about the
car cinogenicity of different metal compounds

(e.g., solubility).




Metals Are Part of
the Background

Human exposureto metalsisonly partly
anthropogenic. Metals, including carcinogenic

metals, are naturally found
earth’scrust, in theair and

aspart of the
water, and in food.

Arsenic in drinking water occursin numerous
nlacesin theworld asaresult of a geochemical
phenomenon at exposures high enough to
oroduce health effectsincluding cancer.




i Animal and Human Responses
are not Consistent

Few animal studiesreport a carcinogenic response
by inhalation or ingestion of the metals known to be
car cinogenic in humans (e.g., arsenic snows littleif
any car cinogenic response by any routein animals;
chromium and nickel demonstrate strong responses
by bronchial implantation in animals, but little by
Inhalation or ingestion).

Assessment of the carcinogenic risk of metalsfor
humansis based on human data, including dose-
I esponse assessment.




ThereisEvidence of Variation in
Individual Susceptibility to
Certain Metals (Arsenic as an Example)

Whites may be mor e susceptible to ar senic induced
skin cancer .

Smokers may be at greater risk or arsenic-induced
or chromium-induced lung cancer .

Diet appearsto have an effect on ar senic-induced
skin cancer (poorer diets have greater risk of
disease)

Risk assessment needsto consider those at greater
risk aswell astherisk of the general population.




The Importance of Bioavallability

e “The rate and extent to which a
substance Is absorbed and becomes
available at the site of drug action”.

* EXx. Bioavallability of “lead”

—Adults absorb about 5-15% of
Ingested lead, usually retaining less
than 5% of absorbed lead

— Children absorb about 41.5% of
Ingested lead, which Is related age
and development of Gl tract.




Bioavallability (cont.)

 Nutritional and dietary e
factors influence “lead” lh;_ ; 1;‘3‘

toxicity
— Low dietary iron and

calcium enhance
lead absorption.

* Vitamin C reduces
“lead” absorption
— Increases iron
absorption, decreasing

the ability of lead to
compete for binding




What is bioaccessibility ?

Bioaccessiblility - the fraction that is soluble
In the gastrointestinal environment
and Is available for absorption.




The Importance of Bioaccessibility
Ex. Arsenic in Soils

o typically between 10 and 30% of arsenic in the
soll Is bioaccessible

risk assessments assuming 100%
bioaccessibility will overestimate exposure

e this could lead to overestimates of risk and
remediation or limitations on development




Mineral Form : Fe-Bs oxides
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Schematic of how different arsenic species, particle
sizes, and morphologies affect arsenic bioavailability.

(After Ruby et al., 1999)




Medical Geology and Human Health
General Research Prioritie_s H
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To implement the use of geographic,
biomedical, pathological, epidemiological
and toxicology tools to obtain a better
understanding on the distribution, mobility
and levels of toxic trace elements.




Medical Geology and Human Health
General Research ._ies cont.
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Weather-related morbidity; ‘

Water- and vector-borne diseases:

Assessment of natural and
ambient sources of mercury and
arsenic (i.e., health effects due to
coal combustion, contaminated
food, soil, and water)




Natural and Mineral Dust

W ater-Borne Volcanic Emissions

pissases M edical Geology

Links to Human Diseases

Health Effects Cancer

Trace Elements/Toxic Metals (prostate, breast)
(I.e, DU, Ra, Pb, As, Hg)

Emerging | nfectious
Diseases




Considerations for Conducting
Environmental Health Studies of M etals

Sour ces of data (e.g., mortality data, incidence data,
personnel records)

Effect being studied (lung cancer, skin cancer, €tc.)

Designsfor study (e.g., prospective, case-control, cross-
sectional)

Confounding (e.g., smoking and lung cancer, other
car cinogens)

L atency period from exposuretill disease
Exposur e information

Statistical power (considers background diseaser ate,
size of population being studied, etc.)

Species of metal (e.g., valence, compound, etc.)




Environmental exposures
follow complex pathways
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Figure 2.1: Pathways of human exposure.




Y ou are what you eat

Hydroxylapatite, Ca)5(PO4)3(0OH), isthe mineral in bone. Actually,
many other cations can substitute for calcium within the crystal
structure of hydroxylapatite.

Magnesium isone possible substitute for calcium. That the bones can
be a sour ce of magnesium may become important when ingestion levels
of the element are inadequate.

Strontium is another calcium substitute.

One of the most thoroughly researched ionsthat partition into apatite
Isfluorine high water concentrations were shown in the early decades
of the 20th century to be responsible for mottled teeth. Typical
symptoms of fluorosisinclude dental fluorosis, or mottling of tooth
enamel, and various forms of skeletal fluorosis Including,
osteosclerosis, limited movement of the joints, and outward
manifestations such as knock- knees, bowlegs and spinal curvature.
Fluor osis combined with nutritional deficienciesin children can result
In sever e bone deformation

Human nutritional requirementsinclude calcium, phosphorous,
magnesium and fluorineif we wish to maintain a healthy, mineralized
skeletal and dental system. All nutrients come from Earth'srocks and
minerals, the bailiwick of geologists.




[ Environews | Innovations |

Dedicated
Outdoor Air
Systems:

t's been 27 years since bacteria spread by a hotel
I air-conditioning system siclened 221 people and
killed 34 at an American Legion eonvention in
Philadelphia, sounding a wake-up call to the American
public sbout the link benwesn indoor air quality and

human health. Since then, there has nat been anothet

ATIZ

1-Moisture and biologicals (such
as molds, mildew and dust
mites).

2-Combustion products,
including carbon monoxide.
3-Formaldehyde.

4-Radon.

5-Household products and
furnishings.

6-Asbestos.

7-Particulates.

8-Remodeling byproducts.
9-Environmental tobacco smoke.

U.S incident involving multiple deathe ﬁ’m A
indoor air yet concerns persist that conventional 5
ing, ventilation, and air-conditioning (HV.*Q syste]
are making people sick. Fartunately th
tance of 2 new HVAC design known-
door air system (DOAS) promises (o/improve l.n&ur

wotse 117 ) nupsaer 131 Octobier 2003 + Enwppnmg;aj-r!gaam Pares




Our Natural Environment and Health

“High levels of arsenic in drinking water has caused severe
health problems in many countries. In West Bengal alone,
over 50 million people are at risk of developing arsenic
poisoning” Lancet, 2002




|mportant to medical geology because:

Significantly more quantitative than estimation of risk and
more directly controlled by environmental and geological
factors, intervention possiblée!

Where You Live ? Soil You Eat ? Water You Drink ?




Children's Environmental

o Deficiencies
— lodide, zinc
e Toxic effects
— Lead, asbestosis, zinc

e Side effects

— Directs effect

* Dust, copper, ionized and
non ionized-radiation

— Indirect effect
e Obesity




Environmental pollutants and disease in American Children:
Estimates of morbidity, mortality and costs for lead poisining,

asthma, cancer and developmental disabilities.
Landrigan PJ et al. Environ Health Perspect 110:721-28,2002

e 100% lead poisoning, 30% asthma, 5% cancer, 10%
neurobehavioral disorders

43.4 billion USD lead poisoning, 2 billion USD for asthma,
0.3 billion USD for childhood cancer, 9.2 hillion USD for
neurobehavioral disorders, total annual cost 54.9 hillion
USD




Medical Geology
A Working Definition

Medical Geology Is defined as the science dealing with the
relationship between geological materials and geologic processes

and their impacts on health problems in man and animals.

The scope and range of Medical Geology include:

Identifying and characterizing natural sources of harmful
materials in the environment;

learning how to predict the movement and alteration of
chemical, infectious, and other disease-causing agents;

and understanding how people may be exposed to such
materials.




Our Natural Environment and Health

L ake Nyos, Cameroon
Environmental
Tragedy




Groundwater arsenic calamity in Bangladesh

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

School of Environmental Studies, Jadavpur University, Calcutta 700 032, India
*Phaka Commiunity Hospital, Malibagh, Dhaka 1219, Bangladesh.
**National Institutc for Preventive.and Social Medicine, Mahakali, Dhaka 1212, Bang]adcsh

CURRENT SCIENCE, Vd. 73, No. 1, July 10, 1997, pp. 48-509.
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Bangladesh victim of world’s worst mass poisoning

Arsenic-tainted water blamed for sickness, death

By Poul Salopek

SnpEgo Tribung

MuwaFARA, Jangl sdesh —
When the mwstetious sores first ap-
peared oa Anii Chadra Dasg’ work-
ionghened hands, the grizzled rics
Tarmer, long hardened against the
ackes and opzing of [ife in rural
Bangladesk, st ighored them.

But e losions Zidn'e go away.

THE DENVER POST, Thursday, January 16, 1997

lard Chappeil. an environmental
expert al the University of Colora-
do who recent!y wisited the affect-
ed areas o India as the director of
#n inlernational task force on arse-
ni¢ poisening, “You just shake your
head in-amazement at this one.”
The cast of characters in the
e'r'eryng health disasier iocludes
armies of quack dor‘Lorq who prey

"My pareats told me to leave
herse when I pot sick. Thev said
the =pirits af aur house were dig-
pieased,” said Howladar, :

Experts say the arsenie-beneath
Bapgladesh's fertile river dellas
wag probably depesiced eoas ago
after washing dowa from Dodies of
o in the Himalayas. A3 long as
the arsenic compounds — called

mained inert.

But with the advent of inkensive
irrigation in the 1970s, the aguifers
have dropped. exposing the peisons
to oxvgen for the first Lime.

Qe oxidized, arserie sulfides
become water-soluble.

And l:ke tea seeping from 2 bag,
they percolate frm subseils into
dropping water tables with every
monsgon Elond,

Or so the jeading theory goes.

“Nobody knows, cxactly,” szys

who hay followed arscnic poisoning
odtpreaks in Faiwan, Chile, Maxieo
apd the western Uniled States.
Mest of those incidents have sich-
ened 2 few thousand people.

One reason Lhe world's warst ar-
senie epidesiic has heen sirauted,
Gibh said, is that —
sinister, suichle-capsule reputation
— arsenic poisoning can be undra-
rizatic, even stealthy.

Even wells [miled with 204 times
the World Healih Organiz.lation's

confrary toifs -

have been found near Suma's vil-
lage, wili nat kill putright.
Imstead, a huildup of the lethal
chemical over innnths or years
causes & wide array of increasingly
debilitating ailments, {vom lesions
on the hands poet feet Lo grgan can-
rers, neural disorders, deafness
and, pessthly, even diabntes,
“Just wait, You'll start seeing
patterns of cancers pap up in this
roplon in a few years,"” said Gibb

This iz a ma]m :ragedy exqch,




Definitions

Bioavailability - the fraction of an
administered dose that reaches the central
(blood) compartment from the
gastrointestinal tract.

Bioaccessibility - the fraction that is soluble
INn the gastrointestinal environment and Is
available for absorption.




