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HEALTH AND TOXICOLOGY

Health is a state of complete physical, mental and social well being, not merely the absence of disease.

What is a disease?

A disease is an impairment of the normal body functions; a deleterious change in the body's condition due to environmental factors.

Environmental health focuses on the environmental factors that could cause a disease. These factors could be nutritional, chemical, biological and psychological.

A disease could also be a genetic anomaly.

Morbidity means illness or rate of sickness.

GLOBAL DESEASE BURSEN

Mortality data was used in the past to assess the world health. This information does detect the impact of non-fatal diseases on society.

Absenteeism due to illness impacts the entire society, e.g. no work, no planting, no learning, etc.

The disability-adjusted life years (DALY) is now used by health agencies to measure the disease impact (burden) on society. 
DALY combines premature death and loss of a healthy life due to illness or disability. 
Cardiovascular diseases and cancer have become the major killers in the world including in developing and poor countries. 

People in poorer countries are adopting the life styles and diets or richer countries resulting in an increase in cardiovascular diseases, cancer, depression and chronic lung diseases.

“The National Institute of Environmental Health Sciences (NIEHS) is taking an active role in

identifying environmental factors that contribute to obesity, one of the nation’s most serious health trends. Environmental factors being considered include:

• community designs that discourage physical activity,

• limited access to affordable and healthy food choices,

• lifestyles that rely on convenience foods,

• increased time spent in sedentary activities such as viewing television and using computers,

• chemicals in the environment that may affect weight gain,

• interactions between genes and the environment that favor weight gain.”
Source: http://www.niehs.nih.gov/oc/factsheets/pdf/obesity.pdf
TYPES OF HEALTH HAZARDS

1. INFECTIOUS ORGANISMS 

Pathogens are disease-causing organisms.

· Infectious diseases kill 22 million people/year or 43% of disease-related deaths.

· Bacteria, viruses, protozoans, nematodes, and fungi are the most common pathogens.

· Respiratory: pneumonia, tuberculosis, influenza.

· Gastrointestinal: diarrhea, dysentery, cholera.

· Malaria: infection of RBC by the protozoan Plasmodium.

· Giardia is a parasitic intestinal protozoan that may be the largest cause of diarrhea in US.

· World Health Organization estimates that 30 million people are infected with the HIV virus.

· Parasitic nematodes and flatworms are debilitating and lead to other health problems, e. g.  schistosomiasis, onchocerciasis, filariasis, flukes.

· Parasites most often do not kill but debilitate the individual. The quality of life is reduced.

From a historical perspective, cholera, smallpox, and plague are examples of infectious diseases that spread globally with devastating impact, often occurring during periods of rapid economic change or population growth.

Emergent diseases are those that were not known before or that have been absent for at least 20 yeast.

· Emerging infectious diseases are diseases of infectious origin whose incidence in humans has increased within the past two decades or threatens to increase in the near future.

· Ebola virus, HIV, Marburg fever.

Many factors, or combinations of factors, can contribute to disease emergence. Newly emergent infectious diseases may result from... 

· changes or evolution of existing organisms; 

· known diseases may spread to new geographic areas or new human populations; 

· previously unrecognized infections may appear in persons living or working in areas undergoing ecological changes, such as deforestation or reforestation, that increase their exposure to insects, animals, or environmental sources that may harbor new or unusual infectious agents.

“ABSTRACT When the underlying causes and mechanisms of emerging infectious disease problems are studied carefully, human behaviour is often involved. Even more often, the only methods of control or prevention available are to change human behaviour. Several major recent emerging disease problems can be cited. It is sometimes emphasized that it is human carelessness, human excesses, human ignorance or human habits of conquest or leisure which contribute directly to the biological niches that microorganisms are all too capable of exploiting. We must look at ourselves as the engines of microbial opportunism. It is not likely that we will ever conquer the microbial world; we must look instead to control the human factors that contribute to emergence.” 
Source: http://www.emro.who.int/Publications/EMHJ/0201/03.htm
The great influenza epidemic of 1918 killed between 30 and 40 million people around the globe.

· It probably is the largest loss of life from an individual disease in a single year.

High-density population increases the chance of contamination and infection due to increase contact, pollution and lack of hygiene.

Emerging infections, such as acquired immunodeficiency syndrome (AIDS) and TB, vividly illustrate that no nation can be complacent regarding human vulnerability to the microorganisms with which we share our environment.

Since the early 1970s, the U.S. public health system has been challenged by many newly identified pathogens and syndromes, such as Lyme disease, Legionnaires' disease, toxic shock syndrome, human immunodeficiency virus/AIDS, hepatitis C virus, cryptosporidiosis, and,

most recently, hantavirus. 

Examples of Emerging Infectious Diseases, United States, 1993 

     E. coli O157:H7 disease 

     Cryptosporidiosis 

     Coccidioidomycosis 

     Multidrug-resistant pneumococcal disease 

     Vancomycin-resistant enterococcal infections 

     Influenza A/Beijing/32/92 

     Hantavirus infections 

Examples of Emerging Infectious Diseases, Outside the United States, 1993 

     Cholera in Latin America 

     Yellow Fever in Kenya 

     Vibrio cholerae O139 in Asia 

     E. coli O157:H7 in South Africa and Swaziland 

     Rift Valley Fever in Egypt 

     Multidrug-resistant Shigella dysenteriae in Burundi 

     Dengue in Costa Rica 

     Diphtheria in Russia 

     Avian virus

Antibiotic and pesticide resistance strains have appeared in many parts of the world.

Natural selection and the ability of many organisms to evolve new forms are responsible for the emergence of many diseases that were under control a few years ago.

“Highly pathogenic avian influenza viruses of the H5N1 subtype are circulating in eastern Asia with unprecedented epizootic and epidemic effects (1). Nine Asian countries reported H5N1 outbreaks in poultry in 2004: Cambodia, China, Indonesia, Japan, Laos, Malaysia, South Korea, Thailand, and Vietnam (1). Between 2004 and the first 3 months of 2005, a total of 89 laboratory-confirmed human infections, 52 of which were fatal, were reported to the World Health Organization (WHO) by public health authorities in Vietnam, Thailand, and Cambodia. These records indicate that this outbreak of human H5N1 infections is the largest documented since its emergence in humans in 1997 (2). Efficient viral transmission among poultry caused the virus to spread regionally, leading to the loss of >100 million birds from disease and culling. In contrast, human-to-human transmission of the virus is exceptional but has been described, most recently in a family cluster in Thailand (3).”

Source: http://www.cdc.gov/ncidod/EID/vol11no10/05-0644.htm
Other sources: http://www.cdc.gov/ncidod/diseases/index_ip.htm#m
 http://www.niaid.nih.gov/dmid/eid/erd.htm
the World Health Organization estimates that 90% of all disease burden occurs in developing countries where less than one tenth of all health care dollars is spent. 

Millions of people are dying of treatable infections and parasitic diseases.

· 2% of people with AIDS have access to modern medicines.

· 600,000 infants acquire HIV every year through mother-to-child transmission during birth or breast feeding. 

· Wealthy countries spend about $1 per person per year on global health.

Improving health in poor countries may help prevent the spread of emergent diseases in globally interconnected world; will help to prevent mass social instability and the spread of pathogens across borders; may help to reduce population growth by helping infants survive. 

Ecological diseases

Domestic animals and wildlife suffer from epidemics. 
Some pollutants disrupt hormone function and reduce immunity in animals.

Chronic wasting disease, CWD, is spreading in deer and elk in North America. It is caused by a prion, a protein that belongs to the family of the mad-cow disease and Creutzfelt-Jacob disease in human. 

· It was first identified in Saskatchewan, Canada, in 1967.
Oaks, Douglas fir and redwoods are being infected with a fungus that causes death. These are commercially valuable trees. 

Coliform bacteria has been found in corals dying of “black-band” disease caused by cyanobacteria (blue-green alga). Scientists suspect a connection between the human coliform bacteria and the cyanobacteria outbreak. 

· This coral disease was first detected in the early 1970s.
Domoic acid is produced by a marine phytoplankton. This chemical is nerve toxin that kills marine mammals and birds. Algal outbreaks have been caused by agricultural fertilizers washed to the sea.
Antibiotic and pesticide resistance
Natural selection and ability of many organisms to evolve rapidly has spread pesticide resistant species. 
Many pests and pathogens have been exposed only minimally to control measures, allowing those with natural resistance to survive and spread their genes through the population. 

· This is a case of a bottle-neck effect caused by pesticides.
TOXICOLOGY


Toxicology is the study of toxins in living systems. 

Toxins are poisons. 

Toxicology is broad filed that includes biochemistry, histology, pharmacology, and other fields of biology and chemistry.

Toxins react with cellular chemicals and disrupt metabolic functions. Some of their damage can be irreversible.

Toxins can be dangerous even in very small amounts, e.g. on trillionth of a gram.

All toxins are hazardous but not all hazardous materials are toxic. 

Hazardous materials include explosives, acids, irritants, caustic, etc. Some are hazardous only in large quantities. 

They could be natural or synthetic.

· Hazardous: dangerous.

· Toxins: poisonous; specific or general.

· Allergens: activate the immune system causing hypersensitivity, e. g. formaldehyde; sick-building syndrome?
· Immune system depressants lower or suppress the immune system increasing susceptibility to opportunistic infections, e. g. several pesticides.

· Endocrine disruptors are synthetic chemicals that block, mimic or otherwise interfere with naturally produced hormones, the body's chemical messengers that control how an organism develops and functions.

· Endocrine disruptor-related effects:  interrupted sexual development; thyroid system disorders; inability to breed; reduced immune response; and abnormal mating and parenting behavior. 

· Species such as terns, gulls, harbor seals, bald eagles, beluga whales, lake trout, panthers, alligators, turtles, and others, have suffered more than one of these effects.

· Neurotoxins are poisons that attack the nervous system, e. g. mercury, lead, DDT, some anesthetics like ether and chloroform.

· Mutagens damage the genetic material.

· Teratogens cause deformities and birth defects, e. g. thalidomide, alcohol.

- Fetal alcohol syndrome is a common teratogen

· Carcinogens cause cancer. 

DIET

There is a strong correlation between certain diseases and diet, e.g. cardiovascular diseases and the amount of animal fat and salt in the diet.

Some dietary elements seem to have anticancer elements, e.g. vitamins A, C, and E, substances produced by cabbage, cauliflower, broccoli, and the element selenium.

Certain groups of people seem to live much longer than the rest, up to 120 to 140 years old.

These groups have in common...

· Clean air and water.

· Little stress due to uniform and predictable life.

· Dry and sunny climate at middle altitudes.

· Active and vigorous life in non-industrialized setting.

· All ages work together for the benefit of the community.

· The elderly are respected.

· Family shares in work, religion and recreation.

· Low fat diet, rich in fiber and vegetables and fruits.

MOVEMENT, DISTRIBUTION AND FATE OF TOXINS

Chemicals move through he ecosystem.

Chemical composition, solubility, stability and reactivity are important.

Availability of a vehicle such a solvent to carry the toxic agent is important.

Stability and storage characteristics of toxic agent are determining factors of toxicity for certain chemicals, e.g. short live in the environment.

SOLUBILITY and MOBILITY
Chemicals can be fat-soluble or water-soluble.

Water-soluble chemicals move fast through the environment due to the abundance of water in the ecosystem.

Fat-soluble  or oil-soluble substances need a carrier to move through the environment.

Once in the fat-soluble molecules penetrate the tissues, they tend to accumulate in lipid deposits where they will not be degraded by metabolic reactions.

Exposure and Susceptibility

Airborne toxins generally cause more ill health than any other exposure source. 

The lining of the lungs which is designed to exchange gases also absorbs toxins readily. 

The largest exposure for many toxins are found in industrial settings, where workers may encounter doses thousands of times higher than would be found anywhere else. 

Time of the exposure and health of the organism have strong influence on toxicity. 
· Healthy adults may not be affected by doses that will be lethal to children or to those with a weakened immune system.
Bioaccumulation and biomagnification

Cells can selectively absorb and accumulate certain chemicals.

· This is called bioaccumulation.

· e.g. nutrients, minerals.

· Toxins can also be accumulated in body tissues and reach dangerous levels.

Biomagnification occurs when there is an increase in concentration of certain substances in successive higher trophic levels of the food chain.

Persistence

Some chemicals are very unstable and degrade or break down easily. Other substances are more stable and persist in the environment for a long time (persistence).

· E.g. many modern herbicides quickly lose their toxicity.

Persistent Organic Pollutants (POPs) are chemical substances that persist in the environment, bioaccumulate and become magnified through the food web, and pose a risk of causing adverse effects to human health and the environment.

Some of the most useful chemicals are valuable because they resist degradation.

· E.g. DDT, chlorofluorocarbons, PVC plastics, asbestos, chlorinated hydrocarbon pesticides.

Chemical interaction

Chemical interaction is a common phenomenon:

· Antagonistic interactions are those that interfere with the effects or stimulate the breakdown of other chemicals.

· Additive interaction occurs when the exposure to two substances results in twice the harmful effect when compared to those produced by those chemicals separately.

E.g. Rats exposed to arsenic and lead show twice the toxicity of only one of these elements.

· Synergistic effects are the result of one substance increasing the harmful effects of another.

E.g. Asbestos exposure increases the chances of cancer 20-fold, and so does smoking. Asbestos exposure and smoking have a 400-fold increase in cancer rates.

MECHANISMS FOR MINIMIZING TOXIC EFFECTS

Most if not all materials can be poisonous under some conditions but most chemical have some safe level or threshold below which their effects are undetectable. 

Taken in small doses most toxins can be broken down and excreted before they cause harm.

Metabolic degradation and excretion
Organisms have enzymes that process waste products and environmental poisons to reduce toxicity.

The body has degradation, excretion and repair mechanisms.

· The liver is great detoxification center where most of the degradation takes place.

· Kidneys are for excretion of degraded materials.

· High-cell replacement rate in some tissues, e.g. skin, lining of the gastrointestinal track, blood vessels, lungs and urogenital systems.

· Cells have enzymes that repair damaged DNA.

Defense mechanism that protect us from toxins and hazards early in life are selected for by evolution. 
Factors or conditions that affect postreproductive ages like cancer or premature senility usually don’t affect reproductive success or exert selective pressure.

Some tissues have high cellular reproduction rate that repair damaged caused by wear and tear or toxic chemicals. 
MEASURING TOXICITY

Toxicity is the virulence or pathogenicity of a substance.

SOME BASIC IDEAS ABOUT TOXICITY

1. "The dosage makes the poison" Paracelsus, 1540.

· Concentration and volume. 

· Not all chemicals behave the same way.

2. How the chemical is delivered is important in determining the toxicity of a substance.

· Route, rate and site of exposure.

· Duration and frequency of exposure.

3. Different substances have different toxicity.

4. Different species have different sensitivity to the same chemical or dosage due to differences in physiology.

ANIMAL TESTING

Animal testing is the most commonly used and widely accepted toxicity test.

· Time consuming.

· Expensive.

· Often painful and debilitating to the animal

New tests involving cell culture and computer models are being developed.

Toxicity tests are set to determine the dose to which 50% of the test population is sensitive.

In the case of a lethal dose (LD), it called LD50.

Difficulty in assessing results: Of 226 chemicals that cause cancer in rats and mice, 95 cause cancer in one species but not the other.

A problem for regulators and politicians is whether we should set pollution levels that will protect everyone, including the most sensitive people or only aim to protect the average person. 

Toxicity ratings.
Estimates of health risks for large, diverse populations exposed to very low doses of extremely toxic materials are inexact due to...

· Biological variation,

· Experimental error,

· Necessity of extrapolating from results with small populations of laboratory animals.

Supertoxic chemicals may kill with a dose of a few micrograms, 1 x 10-6 gram (one millionth of a gram).

Very toxic take 0.01 gram or a few drops.

Moderate toxic substance takes about 1 gram per kilogram (2.2 pounds) of body weight to kill a person.

Acute versus chronic doses and effects

Acute effects are caused by a single dosage exposure and results in an immediate health crisis.

· The individual often survives.

· The effects disappear; they are reversible.

Chronic effects can result from a single dosage of a very lethal poison, or by receiving sublethal doses repeatedly.

· Permanent or long lasting.

· Long-lasting exposures are also referred as chronic even if their effects do not persist after stopping the exposure to the toxin.

It requires very large populations of experimental animals to obtain statistically significant results for low-level chronic exposures. 

Organisms may have defense mechanisms that inactivate the toxin or repair the damage.

· In these cases, a minimal dose must be necessary before any harmful effects can be detected.

· There is a threshold.

· Very small amounts are not harmful to the animal.

· There is no need to keep the exposure to zero.

Detection limits

Twenty years ago we could detect parts per million. Now we can detect parts per trillion.

Advances in technology may lead to the perception that toxic chemicals are now more widespread than a few years ago.

· It is true for some chemicals but not for all.

RISK

Risk is the probability of harm times the probability of exposure.

Risk assessment is the scientific process of estimating the threat that particular hazards pose to human health. 

This process includes risk identification, dose response assessment, exposure appraisal, and risk characterization. 

· Exposure assessment is the estimation determination of the magnitude, frequency, duration, and route of exposure to a possible toxin. 
Factors that affect our perception of risks in a given situation:

1. Social, political or economic interests; tendency to downplay some factors and to emphasize others.

2. Many people do not understand probabilities and the role of chance; 1 in a million risk.

3. Personal experience is often misleading. If we have not experienced something we tend to think that it is rarer than it actually is.

4. An exaggerated view of our own abilities to control our fate.

5. News media gives a biased perspective on the frequency of certain health hazards: overreporting or underreporting.

6. Irrational fear of or distrust of certain technologies, e.g. nuclear power.

We tend to react more to emotion than to statistics.

The Environmental Protection Agency generally assumes that a risk of 1 in I million is acceptable for most environmental hazards.
We tend to accept greater risk in activities we enjoy or find profitable.

Our perception of risk is strongly affected by whether risks are known or unknown, whether we feel in control of the outcome, and how dreadful the results are.
SETTING STANDARDS FOR ENVIRONMENTAL TOXINS:

We need to consider...

1. The combined effects of exposure to many different sources of the toxin.

2. The different sensitivities of members of the population.

3. The effects of chronic and acute exposures.

SOME QUESTIONS

1. Which are the most dangerous environmental factors that we face?

2. How can we evaluate the hazards of all the natural and synthetic chemicals that now exist?
3. What risks are acceptable?

