Introduction to Environmental Health 

Environmental Health - defined

· Health:

· “a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity.”  (WHO, 1948)

· Environment:

· [All] that which is external to the individual human host. [It] can be divided into physical, biological, social, cultural, any or all of which can influence health status in populations.” (Last, 1995)

Common environmental hazards that could affect health

Some basic components of risk

· Risk = Hazard x Exposure

· Hazard Identification

· Epidemiology (Epi upon Demos the people)

· “The study of the distribution and determinants of health and diseases, morbidity, injuries, disability, and mortality in populations” (Friis, 1996)

· Toxicology – the science of poisons

· Dose – Response relationship

· The effect of an agent on a host

· Exposure Assessment

· The absorption of an agent into a host

Epidemiologic Triad – a useful tool

· Organisms

· Chemicals

· exogenous

· endogenous

· Nutrients

· Physical forces

· Psychological factors

· Age, sex

· Disease history

· Immunologic response

· Host behavior, diet, activity, nutritional, exposure status

· Genetic

Classes of Xenobiotics

Over 70,000 Synthetic Chemicals

· In the United States, in commercial use

· For most of them, their toxicity is NOT widely known or understood

· ~ 1,000 - 2,000 new chemicals are added each year

· Creating an opportunity for untested materials to enter the environment and expose humans, wildlife, and plants

· Some of which might be toxic

Pathogens can also cause cancer

· Helicobacter pylori V. - Gastric; Mucosal-associated lymphoid tissue

· Schistosoma haematobium - Bladder cancer

· Human T-cell Leukemia/lymphoma V. - Adult T-cell leukemia/lymphoma

· HHV = Hepatitis B V. - Kaposi’s sarcoma

· Epstein-Barr V. - Lymphoproliferative disorders;  Nasopharyngeal; Burkitt’s lymphoma

· Human papilloma V. - Anogenital carcinoma; cervical cancer

Toxic Substances – range of effects

· Death of many

· Death of a single person

· Irreversible illness/injury

· Severe illness or major disability

· Chronic debilitating disease

· Minor disability

· Tumors, neoplastic effects or cancer

· Reproductive errors

· Mutations

· teratogenic effects

· Sensitization

· Temporary minor illness (reversible)

· Discomfort/irritation

· Behavioral changes

· Temporary emotional effects

· Minor physiological changes

Toxic Substances

· Toxic substances can:

· cause death or systemic damage

· by acute poisoning

· One time exposure of short duration resulting in systemic damage

· by chronic poisoning

· Long term, low level exposure resulting in systemic damage

· much more complex

· alter behavior

· By acute or chronic poisoning

· Complex and often difficult to detect

Factors Governing Toxicity

· Properties of the Chemical

· Concentration

· Effect Dose

· Bioaccumulation

· Biotransformation

· Interactions

· Synergistic

· Antagonistic

· Age

· very young or old

· Strain

· e.g. skin color & UV

· Gender

· Weight

· Exercise and Physical Stress

· Health Status

· immune deficiencies

Basic Toxicology

· Dose determines toxicity 

· “What is it that is not poison?  All things are poison and nothing is without poison.  It is the dose only that makes a thing not a poison.” (Paracelsus, 1493-1541)

· Dose presumes exposure

· A poison or toxic substance does not constitute a hazard unless contact is made with the organism in a form and quantity that can cause harm

· Chemicals have specific effects

· structure relationships, subtle changes can mediate toxicity

· Human is an animal

· animals can be used as “human” surrogates, choice is important

Acute Toxicity

· Acute Poisoning - usually defined by a Lethal Dose level such as LD50 

· Units mg of substance per kg of body weight

· The lower the LD the more toxic the substance

· A Dose that was lethal to 50% of the population, for example 50 mg/kg

· 50 mg/kg = 3/4 tsp for an average adult

· 50 mg/kg = 1/8 tsp for a 2 yr. old child

· LD0 = no deaths

· LD100 = entire population died

· The lower the LD value the greater the toxicity

Acute Toxicity

· Acute Poisoning & cautions

· Sodium fluoride

· LD50 ~ 35 mg/kg, acute oral toxicity

· yet, taken at chronic doses of 1 - 2 mg/day to prevent cavities 

· Sodium Chloride (table salt)

· LD50 ~ 3 g/kg; but children ~ 2 tsp.

· Adult need ~ 200 mg/day; > at high temps.

· Average American diet 8,000 - 10,000 mg.day

· Vitamin D

· LD50 ~ 10 mg/kg or ~ 400,000 IU/kg

· However, w/o it death would result

The environmental health hazard pathway

Donora, Pennsylvania,  1948

The London Smog Epidemic, December 1952

Effect of carbon monoxide inhalation

Health effects of lead in adults and children at various blood lead concentrations

The role of exposure in risk

Exposure vs. dose

· Exposure is affected by

· Routes of absorption

· Human activity patterns

· Physiologic characteristics

· Variability over time and space

· Through exposure assessment 

· Who is exposed

· Through what medium

· At what dose

· For how long

· Dose is the quantity of an environmental substance that enters the body

Definition of Exposure

· The key word in the definition of exposure is contact

· Exposure and risk do not come from the presence of the harmful agent.  There must be contact between the agent and the outer boundary of the human body, such as the airways, the skin, or the mouth.

· Exposure is usually defined as a function of time: 
An event that occurs when there is a contact boundary between a human and the environment with a contaminant 
of a specific concentration for an interval of time.

Four Important Aspects

· The nature of the agent:  


Chemical, physical, biological?

· The intensify of the exposure:  


How much (concentrations) of the agent?

· The duration of the exposure:  


For how long a time?

· The frequency of the exposure:  


How often?

Relationships of Environmental and Exposure Media, and Exposure Pathways and Routes

Routes of entry into the body

· Primary routes:

· inhalation – the respiratory system through breathing

· lungs, mucous membranes

· dermal – through the skin 

· ingestion – gastrointestinal tract

· ocular – eyes by absorption

· Respiratory tract ~ 70-100 sq. meters

· Digestive tract ~ 10 sq. meters

· Skin ~ 2 sq. meters

· Therefore

· Next to intravenous administration inhalation is the fastest route for an agent to reach the bloodstream

Pollutants can act directly on cell components

· Strong acids, bases, and phenols can directly etch tissue

· Nitrous and sulfuric acids, and ozone can oxidize cellular material

· Carbon monoxide can react directly with hemoglobin and prevent the attachment of oxygen

· Pollutants can cause secondary actions

· Otherwise harmless substances may cause the formation of chemicals in the body that are harmful or potentially lethal

· Fluoroacetate (rodenticide 1080) may be converted in the body to fluorocitric acid 

Some effects of Endocrine Disrupters and potential ED

Effects

· Reduced sperm counts 

· Precocious puberty 

· Increase in non-Hodgkin lymphoma 

· Marked increase in males having undescended testicles

· Testicular cancer
Potential ED

· Diethylstilbestrol (DES) 

· A variety of naturally occurring plant compounds, phytoestrogens

· Pesticides such as DDT

· Plasticizers such as phthalates and alkylphenols

· PCBs, Dioxin

Exposures Associated 
with Clinical Illness 

· Gases

· Corrosive substances (acids & alkalis)

· Dyes & Stains

· Dusts & Powders

· Asbestos & Other Fibers

· Infectious agents

· Insecticides & Pesticides

· Metals & Metal fumes

· Organic dusts (cotton, wood, biologic matter)

· Plastics

· Solvents

· Petrochemicals (coal, tar, asphalt, petroleum distillates)

· Physical factors (noise, lifting, thermal stress, vibration, repetitive motion)

· Emotional factors (stress)

· Radiation (electromagnetic fields, x-ray radiation, ultraviolet radiation)

Common Dangerous Household Products

· Disinfectants

· Cleaning agents & solvents

· Bleaches

· Window cleaner

· Carpet cleaner

· Oven & drain cleaners

· Dry-cleaning fluids, spot removers

· Paint & varnish solvents

· Pesticides

· Emissions from heating or cooling devices

· Gas stove pilot light

· Indoor use of charcoal grill

· Leaks from refrigerator or A/C cooling systems

Hazards in Hobbies

· Painting

· Ceramics

· Raw materials

· Firing

· Gas-fired kilns

· Sculpture & casting

· Grinding silica containing stone

· Serpentine rock with asbestos

· Wood working

· Metal casting

· Welding

· Plastics

· Woodworking

· Photography

· Developer

· Stop bath

· Stop hardner

· Fixer

· Hardeners & stabilizers

PCBs

· More than 94% of fish collected in the U.S. show PCB residues at an average concentration of 0.53ppm

· Japan, 1968 - Yusho (rice oil) Disease

· 1300 Japanese developed symptoms, which included chloracne, eye discharge, and swelling in the joints

· Taiwan, 1979 - Yu-cheng Disease

· Children at birth were observed to have abnormalities in teeth, nails and pigmentation, low birth weights

· Lower IQs were observed in the children as they aged

Dioxin, anti-estrogenic effects

· Dioxin indirectly breaks down the body’s normal estrogen

· decreases the number of estrogen receptors available for naturally occurring estrogen

· Dioxin does not attach to the estrogen receptor

· it attaches to a receptor called the Ah-receptor, whose function is unknown

· USEPA Dioxin Reassessment Document in 1994

· Dioxin poses increased risk for

· cancers

· adverse reproductive and developmental effects

· neurological damage from in utero exposure

Asbestos

· A collective term for a group of six fibrous silicates:

· Applications

· building materials

· brake linings

· textiles and insulation

· floor tiles

· Cement

· potholders
· Asmolite

· Chrysotile

· Tremolite

· Actinolite

· Anthophyllite 

· Crocidolite, most likely

· Asbestosis

· Lung Cancer

· Mesothelioma
Deaths with asbestosis as contributing or underlying cause

Lead and (major exposure pathways)

· In North America lead has been used for:

· pesticides as lead arsenate (soil)

· paint (home and soil)

· solder in pipes & food containers (home, water, food)

· anti-knock compound in gasoline (air, soil, water)

· Organic lead may also be absorbed through the skin

· Lead affects the formation of blood

· by slowing the normal maturation of red blood cells in the bone marrow, decreasing the number of red blood cells and possibly causing anemia 

· lead inhibits the synthesis of hemoglobin
Programs to reduce lead hazards, including the limitation of lead in paint and gasoline resulted in lower blood lead levels

Organic Mercury

· Numbness of tongue, lips, fingers, difficulty swallowing, defects

· Minamata Bay, Japan 1953-1961

· Chisso Co. dumped inorganic Hg into bay

· bacteria converted to organic Hg

· concentrated in food chain

· ~ fish 105 x water

· cats displayed CNS effects

· then people, > 1,000 have died

· Developmental Toxin

Human effects have been severe

Toxicology Truisms

· It is a truism in toxicology that humans are not simply big rats, and attempts are made in risk assessment to take into consideration important differences between rats and humans

· A less obvious truism is that children are not simply small adults

Sources of Air Pollution

Air Quality Concerns

· Approximately 113 million people live in U.S. areas designated as non-attainment areas (for health-based standard) by the EPA.

· The estimated annual health costs from all sources range from $40 to $50 billion with an associated 50,000 premature deaths

· In 13 cities ground-level ozone (smog) exposure linked to as many as 50,000 ER visits and 15,000 hospital admissions (ALA).

· 64,000 Americans each year die from lung and heart disease caused by fine particulates.

Motor vehicles

· Motor vehicles account for approximately one-fourth of emissions that produce ozone and one-third of nitrogen oxide emissions

· Particulate and sulfur dioxide emissions from motor vehicles represent approximately 20 percent and 4 percent, respectively

· Some 76.6 percent of carbon monoxide emissions are produced each year by transportation sources

Indoor vs. Outdoor Pollution

· People in industrialized nations spend >90% of their time indoors (home, school, workplace)

· Concentrations of many air pollutants are higher indoors than outdoors

· Indoor Air Quality Challenges

· Usually present as nonspecific symptoms with wide differential diagnoses

· Multiple potential pollutants, which may interact

· Difficult to quantify exposure

· Long latency for some effects (e.g., cancer)

· Association with stress/work pressures

Making the Connection Between IAQ Problems and Illness

History

· Decrease in symptoms away from home or workplace

· Symptom diary may be useful

· Changes in home or workplace environment around time of onset (new home or renovation, furniture, hobbies, pets, etc.)

Acute Risks

· Environmental Tobacco Smoke

· Other combustion products

· Biological pollutants

· Volatile organic chemicals

· Heavy metals

· “Sick Building Syndrome”

Long-term Risks

· Radon

· Asbestos

Indoor Sources of Exposure

· Gas stoves and other fossil fuels used for cooking and heating

· Building materials-evaporation of volatile compounds

· ETS-Environmental tobacco smoke

· Particles and dust

· Pesticides and other household chemicals

· Consumer products

Environmental Tobacco Smoke

· Major source of indoor air contaminants

· 4,000 chemicals in vapor or particle phases

· Many are toxic or carcinogenic

· “Sidestream” and exhaled “mainstream” smoke

· EPA lists ETS as known human carcinogen that causes an estimated 3000 lung cancer deaths per year in nonsmokers

ETS Key Signs and Symptoms

· Adult

· Rhinitis/pharyngitis, nasal congestion, persistent cough

· Conjunctival irritation

· Headache

· Wheezing

· Exacerbation of chronic respiratory conditions

· Children

· Asthma onset

· Increased severity of, or difficulty in controlling, asthma

· Frequent upper respiratory infections and/or episodes of otitis media

· Persistent middle-ear effusion

· Snoring

· Repeated pneumonia, bronchitis

Biological Pollutants

· Sources: Wet or moist walls, ceilings, carpets, and furniture; poorly maintained humidifiers, dehumidifiers, and air conditioners; bedding; household pets; molds, dust mites, infectious agents, animal dander

· Levels in Homes: Indoor levels of pollen and fungi are lower than outdoor levels (except where indoor sources of fungi are present). Indoor levels of dust mites are higher than outdoor levels.

Biologicals Health Effects

· Symptoms and Signs include:

· Recognized infectious disease

· Exacerbation of asthma

· Rhinitis

· Conjunctival inflammation

· Recurrent fever

· Malaise

· Dyspnea

· Chest Tightness & Cough

John Snow

· In 1854 London, the city was experiencing a severe epidemic of Asiatic cholera.

· Cholera causes watery diarrhea and vomiting, rapid dehydration and death on half the people with the disease

· Dr. John Snow observed the death rate to be 200 per 10,000 in St. James Parish.  While Snow did not know that the Cholera bacillus was the cause, he took steps to remove the handle from the Broad Street Pump. 

Global burden of disease from water, sanitation and hygiene

· 3.4 million people, mostly children, die annually from water-related diseases.

· 2.4 billion people lack access to basic sanitation include the poorest in the world.

· 1.1 billion people lack access to even improved water sources.

· Access to safe water supply and sanitation is fundamental for better health, poverty alleviation and development.

· these figures are as of 28 August 2002

· http://www.who.int/water_sanitation_health/General/factsandfigures.htm

Diarrhea

· 2.1 million people die every year from diarrheal diseases (including cholera) associated with inadequate water supply,
sanitation and hygiene. 

· The majority are children in developing countries.

· Water, hygiene and sanitation interventions reduce diarrhea incidence by 26% and mortality by 65%.

Malaria

· 1 million people - mainly children under 5 - die of malaria each year. 

· 300 million people suffer from malaria every year, 90% of the disease burden is in Africa and South of the Sahara.

· Intensified irrigation, dams and other water related projects contribute importantly to this disease burden.

· Better management of water resources reduces transmission of malaria and other vector borne diseases.

Schistosomiasis

· 200 million people are infected with schistosomiasis.

· 20 million suffer severe consequences.

· The disease is still found in 74 countries of the world.

· Basic sanitation reduces the disease by up to 77%.

Arsenic

· 35 - 77 million from a total of 125 million in Bangladesh are at risk of drinking contaminated water.

· At least 100 000 cases of debilitating skin lesions caused by arsenic are believed to have occurred in Bangladesh.

· Arsenic contamination of ground water is a global problem. It has been found in many countries, including Argentina, Bangladesh, Chile, China, India, Mexico, Thailand and the United States.

Japanese encephalitis

· 20% of persons with Japanese encephalitis with clinical symptoms die.

· 35% have permanent brain damage.

· Improved management for irrigation of water resources reduces transmission of disease, in South, South East, and East Asia.

Fluorosis

· It is estimated that nearly 28 million people suffer from chronic fluorosis primarily due to exposure to fluoride in drinking-water, in
China alone.

· Removal of excessive fluoride from drinking-water reduces crippling fluorosis.

EPA: EnviroMapper
NJ Federal Lands

EPA: EnviroMapper
NJ Watersheds

EPA: EnviroMapper
NJ Water Discharges

EPA: EnviroMapper
NJ Air Emissions

EPA: EnviroMapper
NJ Toxic Releases

EPA: EnviroMapper
NJ Hazardous Waste Areas

EPA: EnviroMapper
NJ Superfund Areas

EPA: EnviroMapper
NJ Biennial Reporting System

EPA: EnviroMapper
NJ Multi-Activities

Primary Prevention of Cancer

· For targeting cancer incidence and mortalities, prevention of cancer, must be the focus. 

· Except for tobacco, there are few concerted efforts toward primary prevention of cancer and related diseases.

Some obvious cancer prevention behaviors

· We endorse:

· eating fruits and vegetables, 

· exercise, physical activity, 

· maintaining healthy body weights, 

· eating suitable diets, 

· avoiding sun exposures/artificial tanning,

· using screening diagnostic aids judiciously

· (PSA, mammograms, pap smears), 

· and limiting consumption of alcohol/tobacco. 

But more must be done

· Clearly, more must be done in other aspects of primary prevention: 

· avoiding known/suspected environmental causes of cancers, 

· and identifying additional causes. 

· Too much attention and resources are geared toward molecular carcinogenesis and treatment regimens. 

· American Association for Cancer Research meeting on cancer prevention research October 2002 - not a single session or presentation centers on primary prevention of cancer. 

We must reorient our public and private health programs 

· For example, the National Cancer Institute and the American Cancer Society have proportionately small budgets in primary prevention of cancer. 

· More outreach efforts are essential to:

· better inform lawmakers and regulatory agencies

· and the public on scientific aspects and dire unmet needs of primary cancer prevention. 

But prevention is difficult to measure

· One reason primary prevention receives less attention is the difficulty of measuring prevention success, because:

· chemical/environmental/lifestyle causes of cancer (estimated as 80-90% of cancers) often take 20-40 years to develop, 

· difficulties exist in determining the actual numbers of cancers prevented or delayed. 

· Historically, we know that reducing/ eliminating workers' exposures to chemical carcinogens or exposure circumstances reduces occupational cancers.

Yet there are some clear strategies to reduce incidences

· Primary prevention strategies that will reduce cancer incidences and hence cancer morbidities and mortalities:

· Reduce/eliminate tobacco usage, subsidies, exportation, and advertising.

· Stop asbestos use worldwide. 

· Reduce/eliminate farm worker and consumer exposures to pesticides/herbicides, especially on lawns and around homes. 

· Reduce/eliminate consumer exposures to chemicals, especially suspected/known carcinogens. 

Primary prevention strategies continued:

· Reduce/eliminate 

· Workplace exposures to carcinogens

· (benzene, beryllium, butadiene, chromium, pesticides, and many other known/suspected human carcinogens)

· Workplace hazardous exposure circumstances

· (asphalt fumes, coke oven emissions, furniture/cabinet making, painting, rubber/tire manufacturing). 

· Chlorination byproducts exposures from drinking water, explore less hazardous methods.

Primary prevention strategies continued:

· Reduce/eliminate

· Air pollution (coal/power plants, chemical industries, gasoline/diesel vehicles). 

· Known and suspected carcinogens in/on foods (pesticides and food additives) and in consumer products, including cosmetics. 

· Design noncarcinogenic drugs for cancer chemotherapy. 

· Clean up/eliminate hazardous waste sites and reduce/prevent current industry pollution practices. 

Increased efforts for primary prevention of cancer should also include: 

· Increasing

· Public awareness and education of known causes of cancers (nearly 100 identified chemicals/industries cause cancer in humans). 

· Worker knowledge of exposures and safety precautions. 

· Efforts to identify environmental causes of cancer. 

· Regulatory efforts to reduce/eliminate exposures to occupational/environmental carcinogens. 

· Public awareness regarding lifestyle/personal habits and cancer increases (obesity, tobacco use, diet, alcohol). 

Increased efforts for primary prevention of cancer should also include:

· Initiating a "health tax" on tobacco/alcohol products for clinical treatments and hospital costs for use-victims. 

· Increasing right-to-know information on avoidable causes of cancer. 

· Increasing regulatory standards and enforcements for environment and workplaces. 

· Increasing reliance on experimental means of identifying carcinogens. 

Huff, J., B. Castleman, J. LaDou, S. Epstein, 
A. Frank, M. Greenberg, K. Hopper, P. Infante, R. Melnick, J. Sass, D. Teitelbaum, L. Tomatis, Primary Prevention of Cancer. The Scientist, 16[18]:10-11, September 16, 2002.   

