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CHAPTER 9PRIVATE 


ENVIRONMENTAL AND OCCUPATIONAL HEALTH

ENVIRONMENTAL HEALTH

Introduction

A safe environment is fundamental to health. Air and water precede even food and shelter in a hierarchy of health and survival needs. Safe water supplies and waste management are still problematic aspects of public health and community hygiene. Contamination of the environment by biological, chemical, physical or other disease causing agents in the external environment and the work-place are major public health and political concerns as we approach the end of the 20th century. Since the 1960s, a high degree of consciousness has developed regarding these problems. The growth of the concepts of right-to-know, consumerism and advocacy in public health has led to greater sensitivity to these issues in many countries. Air, water, ground and workplace pollution are issues of concern to the public, business, the media, NGOs and government and are part of the general culture of our times. 


Occupational health developed as a separate area of concern from environmental health, but in recent years it has come to address issues in common. It is included as the second part of this chapter because of common advocacy, professionalism, technology and regulatory approaches. The level of public response to environmental threats with a groundswell of public opinion against nuclear testing and environmental decay. The twentieth century advocacy groups and reformers have made major contributions to public policy. These are akin to the achievements of 18th and 19th century reformers in the areas of abolition of slavery, humane treatment of prisoners and the mentally ill, safe working conditions in factories and mines, and general sanitary improvements (see chapter 1). 


Issues have become more complex and go beyond the prevention of disease and traditional public health. They enter the wider realm of human survival in the natural environment of the earth. While the resources needed to reduce the environmental damage from inadequate sanitation and high levels of pollutants in the air and soil are costly, the cost to society of environmental neglect can be even greater in the long term. Complex multiple exposures with interactions and long term consequences are difficult to evaluate, but important in protecting public health, not only for individuals but for global health as a whole. 


Human society must order its affairs so that its use of natural resources does not deplete or overwhelm the self-sustainable capacity or natural regenerative powers of the environment. Environmental health is a central issue in the New Public Health in that degradation of the environment creates preventable disease and irreversible loss to society. 

Environmental Issues
 


The environment and society interact and are mutually dependent. The ecological issues that face the world include those which can be addressed locally and nationally and others which require concerted international cooperation. Local action is part of global responsibility. Local issues require close cooperation among different agencies of government at all levels and with non-governmental organizations, the media and voluntary groups interested in promotion of a healthful environment. Ultimately, the unrestrained population growth which still continues in many parts of the world may undermine local and international efforts to maintain a balance between nature and human society.


Issues confronting global society include those that relate to poverty and excess population growth in the poorest countries. Among the long range issues confronting many countries are dangers to the water supplies and their quality endangered by overuse and the pollution of ground water sources. Air and soil pollution, deforestation and desertification require local, national and international multi-sectoral cooperative planning and intervention.

PRIVATE 

BOX 9.1: GLOBAL ENVIRONMENTAL CHALLENGES 


FOR THE 21st CENTURY
1.  Population growth;

2.  Economic growth;

3.  Food production and distribution;

4.  Energy and resource depletion;

5.  Soil erosion/desertification;

6.  Deforestation;

7.  Water supplies/shortages;

8.  Air pollution;

9.  Chemical/toxic wastes;

10. War/nuclear threats/terrorism/armament costs;

11. Ozone depletion;

12. Global warming;

13. Social, economic and political inequalities nationally;

14. Inequalities between industrial and non-industrial countries.
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Public consciousness regarding these issues has increased during the past several decades. Environmental concern has become an essential part of accepted public philosophy in many developed countries. Its place in developing countries is often of low priority, coming after the struggle to expand economically and the severe problems of population growth and basic services. Economic growth and health are closely related to agriculture, food supplies and their distribution, as well as preservation of agricultural land and rational use of energy. In the countries of eastern Europe, industrialization was given priority over all other issues and environmental concerns were subordinated, so that accumulated environmental degradation is part of the long range burden of post-Soviet societies. This also occurred in other countries during their industrial development.

Geographical and Environmental Epidemiology

Geographical epidemiology is defined as the description of spatial patterns of disease incidence and mortality. It is part of descriptive epidemiology which generally describes the occurrence of disease according to demographic characteristics of the population at risk and in terms of place and time. Snow's description of cholera in London in 1854 and many other observational studies supported hypotheses that turned out in practice to be the case, even though the direct causal relationships were not demonstrable at the time.


Geographic epidemiology helps to generate the hypotheses which are then tested by more rigorous methods. Environmental and occupational epidemiology study disease in relation to environmental or work related factors. In practical, everyday public health, the findings of common point source incidence of disease or death may lead directly to contaminated water, toxic exposure at a work site or polluted air of a city, without need for case control or other more formal studies.


Epidemiological studies may describe in quantitative terms the relationship between the frequency of disease and the degree of exposure to a particular agent. Such studies are subject to errors in the measurement of exposure. Measurement of exposure by place of residence or work is only an approximation. Moreover, within the same community there will be wide variation in actual exposure levels to the toxic agent. The agent may affect different populations or sub-groups differently. 

Environmental Targets


In 1985, the European Region of WHO issued a consensus statement on health targets for the year 2000; some of these are listed in the following table. These targets represent a broad societal commitment to stop environmental degradation. 

Table 9.1: Selected European Region WHO Environmental Health Targets and Issues
	PRIVATE 
18. Multi-sectoral policies to protect the       environment
	Coordination between agencies at international, national, regional and local levels

	19. Monitoring and control mechanisms     for environmental hazards
	Chemicals, ionizing radiation, noise, biological agents, consumer goods, risk assessment

	20. Adequate supplies of safe drinking 

    water
	Quantity, quality of water; international, national programs, ground and surface water surveillance, quality control; water management standards 

	21. Protection against air pollution
	Legislative administrative and technical measures to control indoor and outdoor pollution

	22. Reduced risk of food contamination,

    including harmful additives
	Legislative administrative and technical measures to control food contamination and additives, and production, storage, transport, sale and use

	23. Eliminate risks of hazardous wastes
	Effective legislative, administrative, and technical measures for surveillance and control of dumped wastes

	24. Healthy and safe urban environment
	Housing and urban planning standards, waste disposal, water supply, recreation, open spaces, traffic control, waste disposal and sanitation

	25. Protection against work-related risks
	Protection against biological, chemical, physical hazards; worker education, industry self monitoring and government regulation


Global Environmental Change


Public health has traditionally placed high priority on sanitation, housing and urban planning in the battle to reduce the burden of infectious disease. The Sanitary Revolution of the 19th century had an enormous impact on the control of communicable diseases. The lessons learned in disinfection of water supplies and treatment of solid and liquid waste are still not applied universally. This includes not only the less-well-developed countries, but middle-level developing and industrialized countries as well. The threat of local, national and international disasters, including the re-emergence of cholera in South America and Russia and giardia in a major outbreak in the United States, returned the classic issues of water quality to center stage in modern public health. Plague in India and Rift Valley Fever in Egypt in 1994 are dramatic events highlighting the problems of vector control in modern public health.


The concept of environmental health has been widened in recent decades by the spectrum of global changes to the environment as a result of man-made environmental pollution and natural events such as volcanic eruptions. The green-house effect is the warming of the global environment occurs partly as a result of the thinning of the ozone layer of the stratosphere. Disposal of toxic and radiologic waste constitute very difficult public health challenges in many countries. Land degradation, loss of topsoil, deforestation, groundwater depletion, acidification of water and soil are all factors in environmental health.


The effects of these global changes cannot be predicted with certainty, but they require an international response rather than local efforts alone. Poverty, low levels of education and rapid population growth in the poorest countries with limited food production potential stands in contrast to high levels of consumption and energy use and low rates of population growth in the industrialized countries. Many environmental issues involve more than one country, in part, the result of transportation of waste products or hazardous materials from one country to another, by wind, water, or deliberately by man. Economic concerns such as in the destruction of fishing stocks, damage to forests or more general concerns of ozone depletion, global warming or ocean pollution. The New Public Health agenda requires not only inter-sectoral cooperation within a country, but international cooperation and regulation to reduce pollution of common waters in seas, lakes and rivers shared by more than one country, and the world shared by all. 


Sulphur and nitrogenous oxides from fossil fuel electric power plants can travel long distances after being released from tall chimneys. Such pollutants falling as acid precipitation have led to the destruction of forests in central and eastern Europe. Acid rain generated in some European countries falls in others, affecting waters and animal life in addition to forests. Reduction of acid rain has been achieved during the 1980s in North America by greater selectivity in fossil fuels, and the result is reduced damage to forest and water sources. 



The release of various organic solvents, called chlorofluorocarbons (also known as freons or CFCs), used in cooling systems, refrigerators and consumer aerosol products, causes damage to the earth's ozone layer. This permits entry of ultraviolet light (UVL) that was formerly excluded into the Earth's atmosphere. UVL causes a rise in skin cancer and cataracts in humans. Substitution for freons is vital to reduce damage to the ozone layer. This can be achieved on an individual level by use of water based paints and chemical products in daily life. The search for substitutes for refrigerants and toxic chemicals to replace those which damage the environment, and for exposed workers, has, along with regulation, become the hallmark of environmental and occupational health.  
Greenhouse gases are built up in the atmosphere by carbon dioxide emissions from fossil fuel combustion. These gases block infrared radiation from the Earth's surface, leading to trapping of heat. This effect resembles the use of glass or plastic covers to retain heat in a greenhouse. This global warming effect may have long term serious consequences for the Earth's thermal balance. The effects on the polar ice caps can lead to global changes in the level of oceans. Reduction of the greenhouse effect requires international, national and individual effort, and especially an environmentally conscious public. 


Hazardous wastes are being exported from developed to developing countries and this is potentially solvable by heightened national awareness and stronger international conventions with publicity and fines imposed by international courts against offending firms or nations. All of these dangers affect the health of the individual and the population globally.

Community Water Supplies 

Fresh water is an increasingly scarce resource and can be a serious danger to health. Waterborne disease is still among the major causes of death in developing countries which often lack adequate supplies of water. In both developed and developing countries, pollution control, reuse of waste water and water planning are vital to the national economy and public health.


The International Decade for Drinking Water and Sanitation in the 1970s and early 1980s promoted national, binational and international efforts to improve community water supplies, sanitation, drainage, education and hygiene. Implementation of appropriate technology for maintaining water and sanitation infrastructure was emphasized. Safety of community drinking water, as defined by the World Health Organization, requires a combination of standards: protection of raw water sources from contamination, sedimentation, coagulation, filtration, chlorination and continuous monitoring of drinking water supplies. High standards of construction and maintenance of water distribution systems are needed whether at the village well or the municipal water supply system. Filtration removes solid and suspended particles improving quality of surface source water, and disinfection by chlorination effectively kills most microorganisms.


Coverage and protection of reservoirs and canals is also beneficial in improving security of water sources an prevention of contamination from natural sources, including birds, animals, vegetation. Community water regulation and enforcement requires both physical treatment and disinfection to protect the public against microbiologic, chemical and other health hazards. Agricultural runoff of pesticides and animal wastes are also important contaminants of water sources.



The Clean Water Act of 1972 set new US national standards and regulatory mechanisms at federal, state and local levels of government. It increased regulatory powers to "restore and maintain the chemical, physical, and biological integrity of the Nation's waters." Regulations under the Act permitted effective action against industrial and other polluters and allowed for controls to be established where multiple municipalities were involved in a river or regional water system. This led to steady improvement in water quality of lakes, rivers and ground water sources throughout the country. 


Concern about potential carcinogenic effects of trihalomethanes may cause withdrawal of mandatory chlorination of surface waters. The absence of adequate disinfection with chlorine increases the risk of serious waterborne disease outbreaks such as the cholera epidemics of South America. New standards may require time to introduce because of prevailing conservative business, professional and public attitudes and the cost of treatment plants. In Israel, for example, opinion gradually shifted toward mandatory chlorination policy. This was probably due to a number of factors; increased public and news media awareness of drinking water quality, a greater recognition at the leadership level of the Ministry of Health of the importance of preventive and environmental factors in enteric disease, increasing presence of younger, better trained sanitary engineers willing to challenge the previously accepted dogma, and persuasive documentation of the impact of contaminated community water supplies on the infectious disease burden of the country.



Waterborne Diseases

Waterborne disease may be so common as to escape detection in point outbreak form. This seems to be the case in many countries, where hepatitis (especially A and E) is endemic and where incidence of gastroenteritis from shigella and E coli remains high. In Western industrialized countries, waterborne disease outbreaks have become less common events because of high levels of water management. Water contamination and enteric disease can also occur from organisms for which routine testing is not currently practiced. For example, testing for rotaviruses (which cause enteric disease) and organisms such as campylobacter and giardia is not routinely done, but water is tested if there is a suspicion of contamination. Safe water requires physical treatment as well as disinfection of all surface water sources. Effective water management can reduce the burden of gastroenteric disease even in a relatively developed country. 



Israel, developing rapidly in the 1950s, built a national water carrier to distribute unfiltered chlorinated water to communities and for agriculture. Local ground water was not necessarily chlorinated and sewage system development was inadequate. From 1975-1985 the waterborne disease outbreak rate in Israel was eighteen times that of the rate in the United States per capita. In the 1980s, Israel experienced large numbers of waterborne disease outbreaks. A 1985 outbreak resulted from the contamination of groundwater sources by sewage from a nearby sewage pipe accidentally broken during roadwork. This single episode resulted in 9,000 cases of shigellosis, 49 cases of typhoid fever and 1 death. Introduction of mandatory chlorination in 1988 in Israel resulted in a substantial improvement in the quality of community water supplies and greatly reduced the incidence of waterborne disease outbreaks and the total burden of diarrhoeal disease. At the same time, there was a marked reduction in the overall burden of enteric diseases in the country, including hepatitis A; however, foodborne salmonellosis/shigella outbreaks rates remained stable. 
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BOX 9.2:  INTERNATIONAL WATER MANAGEMENT STANDARDS

1.  International: The United Nations and the World Health Organization promoted the International Decade for                Drinking Water and Sanitation and promulgated clear standards of water quality for community water supplies.  

2.  National, State and Local Authorities: policy commitment, funding and professional departments for supervision of        community water systems.

3.  Municipal Water Systems: Water management and testing varies according to the quality of the source water and           methods of treatment include:

    a. High standards for acceptability of source surface water;

    b. Physical treatment (coagulation and filtration);

    c. Disinfection (chlorination) - routine and mandatory;

    d. Maintaining and monitoring of residual chlorine;

    e. Construction and maintenance of water storage and distribution systems;

    d. Monitoring of enteric disease;  

    e. Investigation of suspect waterborne disease outbreaks; 

    f. Continuous monitoring by bacteriologic and chemical testing;

    g. Assurance of safe distance between sewage and water pipes;

    h. Integrity of water distribution system against inflow.

4.  Village Wells:

    a. Protection of wells from human and animal wastes;

    b. Regular or periodic chlorination.

5.  Sanitary Education: at all levels of society including government, NGOs, intersectoral cooperation, public,                  professional communities and in schools.
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In the United States between 1989 to 1990, 16 states reported 26 waterborne disease outbreaks due to contaminated drinking water. Illness occurred in 4,288 persons. Just over one half of the outbreaks had no identifiable organism but were epidemiologically considered to be viral in origin. In 1994 in the United States, cryptosporidium contamination of water sources, caused waterborne disease outbreaks in Milwaukee and elsewhere. In addition to the disease outbreaks, deaths occurred among immunocompromised persons. These water-borne organisms constitute a special risk for persons with compromised immune systems, including cancer patients being treated with chemotherapy, HIV positive persons and patients following transplantation being treated with immunosuppressants. Outbreaks of giardia and cryptosporidium in the US raised concerns, because these organisms are not efficiently eliminated by standard water treatment.  


 The Milwaukee outbreak was the largest reported waterborne disease outbreak in US history, with approximately 403,000 ill persons of which 4,400 required hospitalization. Attack rates were as high as 50% in some parts of the city. Cryptosporidium, in addition to being transmitted from person to person and from animals to humans, can also be transmitted in swimming pools. Cryptosporidium is reportedly present in 65-87% of surface water samples tested in the United States. Giardia lamblia is another parasite which can be transmitted in inadequately filtered surface water and for which chlorination is inadequate to disinfect.


 Early detection by laboratory diagnosis requires preparation of laboratories for identification of these organisms. Regular testing of the community water supply at its origin and within the supply system is essential to monitor water safely. The presence of coliform bacteria indicates fecal contamination and potential hazards. Fecal coliforms warn sanitation officials that other more dangerous organisms, such as dysentery bacilli or enteric viruses such as hepatitis, may be present. Routine testing for cryptosporidium, giardia and viruses is difficult, costly and insensitive, therefore routine testing is not done. Chlorination and filtration may not be sufficient to prevent waterborne disease transmission of these organisms. This is a problem for sanitary control. New methods of testing and disinfection of water supplies need to be devised. At present, filtration and chlorination remain the basic methods of assuring safe community water supplies, supplemented by boiling of suspect water during outbreaks of disease. 



Standard water treatment processes remove solid and suspended material, bacteria and odors from water and have been outstandingly successful in reducing waterborne disease. New concerns over chemical contamination of community water supplies have become prominent in recent decades. Heavily polluted waters have been linked to neurological damage and cancers of the bladder, intestinal tract, liver and kidney. The 1974 Safe Drinking Water Act in the United States defined Maximum Contaminant Levels (MCLs) for specified chemical pollutants. By 1989 the US Environmental Protection Agency (EPA) had defined MCLs for 83 pollutants, out of some 700 organic, inorganic, biological and radiological contaminants detected in water supplies around the country. This is an area of public health concern that still requires much epidemiologic and sanitary engineering research. 

PRIVATE 
BOX 9.3:  WATER CONTAMINANTS UNDER US ENVIRONMENTAL PROTECTION AGENCY REGULATION

Microbiologic Contaminants: Turbidity, total coliforms, viruses, giardia lamblia, cryptosporidium, 
legionella;

Volatile Organic Chemicals: Trichlorethylene, tetrachloroethylene, carbontetrachloride, vinyl chloride, 
benzenes, ethylene and ethane compounds;

Synthetic Organic Compounds: Pesticides (lindane, endrin, 2-4-D), trihalomethanes, dioxin, PCBs;

Inorganic Chemicals: Arsenic, barium, cadmium, chromium, lead, mercury, nitrates, nitrites, selenium, 
nickel, silver, fluoride, copper, zinc, thallium, beryllium, cyanide, aluminum;

Radiological Contaminants: Radium, alpha and beta particle activity, natural uranium, radon.

Note: Not all have currently defined Maximum Containment Levels (MCLs).

Source: Adapted from Nadakavukaren A.  Man and Environment, 3rd Edition.  Prospect


Heights, IL: Waveland Press, 1990.
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Right-to-know laws, a critical investigative press and an environmentally conscious public are fundamental to prevent serious ecological degradation. Environmental activism has made important contributions to public health, but such activism can be a two-edged sword. One example is the excessive zeal focussed on the environmental impact of chlorination and its by-products. Trihalomethane, produced by the combination of chlorine and nitrogenous material likely to be found in unfiltered surface water, can reach levels which are carcinogenic. However, levels within accepted norms are considered safe i.e. total trihalomethane levels under 100 micrograms per liter. 


Some opposition to disinfection by chlorination has been based on this concern and led to the spread of cholera in South America in the 1991-1995 period (see chapter 4). The offset of benefits against risks has resulted in current professional consensus that this is not a reason to cease chlorination, but provides additional justification for physical treatment of raw water before chlorination to reduce the nitrogenous material content and thereby reduce the combination with chlorine which produces trihalomethanes, improving water potability and clarity. 


Developmental programs including local and large scale dam projects can have negative health effects by providing a hospitable environment for vectors for diseases such as malaria, schistosomiasis and onchocerciasis, resulting in resurgence of diseases once controlled. Planning of development projects should take into account the potential ecological effects and the needed control measures to prevent greater health damage than benefit.

Sewage Collection and Treatment


Sewage collection and treatment, along with filtration and disinfection of drinking water, have made enormous contributions to improved public health, perhaps even more than the use of modern medicines and vaccines. Sewage contains pathogenic bacteria, viruses, protozoa and other pathogens which can cause serious disease. Collection of sewage prevents surface environmental contamination and seepage into ground water and contamination of local water sources. The purpose of sewage treatment is to improve the quality of waste water to a level where it can be discharged into a waterway or prepared for reuse for agriculture without damaging the aquatic environment or causing human health problems in the form of waterborne disease. This requires killing the pathogenic organisms present in the sewage. 


Primary treatment of community waste water begins with the removal of solids from the waste water. This is done by several mechanical processes of screening and sedimentation. The waste water is passed through screens to remove large solid objects and then through grinders to further break up the solid wastes. The waste water then flows at reduced velocity through a grit chamber where sand, gravel and other inorganic materials settle out. Air is injected into the tank to remove trapped gases and to maintain an aerobic environment. The waste water then flows into secondary settling tanks for further sedimentation of solid particles. Primary treatment removes just over half of the suspended material and particles. The waste water is then ready for secondary treatment. 


Secondary treatment of waste water is based on biological treatment assisted by mechanical methods. This is similar to the natural decomposition of organic wastes, though accelerated. Aerobic microorganisms are used in the presence of an abundant oxygen supply to decompose the organic material into carbon dioxide, water and minerals. The waste water is sprayed over trickling filters or beds of crushed stone covered with a slime containing various types of microbes. These microbes absorb the organic material and act to break it down into its various components. The sewage is then processed by the activated sludge method, carried out by introducing bacteria-containing sludge into a tank of waste water along with compressed air. It is then agitated and mixed for 4-10 hours. The microbes are adsorbed to suspended particles and oxidize the organic material. Afterward the sludge, consisting of masses of bacteria, settles out into the tank. The sludge is then removed and recycled into the next tank load of waste water.


Following primary and secondary treatment, the suspended material and the BOD (biochemical oxygen demand) are reduced by some 90%. This process depends on temperature which affects the metabolic rate and activity of the organisms needed to break down the suspended organic material. Secondary treatment is most effective against protozoa, worms and bacteria, but less effective against viruses, heavy metals and other chemicals. Since 1988, all sewage plants in the United States are required by federal regulations to provide at least secondary treatment.


Tertiary treatment is required if the waste water is to be recycled for the purposes of drinking, irrigation or recreation. Tertiary treatment includes a combination of physical, chemical and biological processes to reduce the particles and BOD to less than 1% of those of the original waste water. The process includes chemical coagulation, filtration, sedimentation, activated carbon adsorption, oxygenation ponds and aerated lagoons, osmosis, ion exchange, foam separation, and land application. All of these processes remove different pollutants present in the waste water, in particular tiny particles of suspended organic matter. They also remove synthetic chemicals, ammonia, nitrates, phosphates and dissolved organic materials.   


Disposal of the sludge remaining after sewage treatment by incineration or ocean dumping is environmentally problematic. Use of the sludge for compost in agriculture or gardening is increasing, but contamination may enter the food chain and create another hazard. Sludge disposal should be carefully regulated. 

Disinfection is the final stage, accomplished by introducing chlorine into the water so that there is a residual level of chlorine to protect the water from contamination in the water storage and distribution system. In many countries or regions, lack of sufficient local water supplies for community agriculture and industrial use necessitate recycling of waste water as part of the process of water conservation. Supplementation of water sources by desalination, recycling will be increasingly important as population growth, increasing standards of living and pressures of agricultural and industrial contamination or water sources increase. New technology in membrane filtration offers hope to improve the efficiency an economics of this sector of the ecologic sciences. 

Solid Waste

The disposal of solid waste has been a problem faced by human society from prehistoric to modern times and will remain so in the future. With the growth of cities, disposal of refuse took on more significant health importance. In biblical times Jerusalem burned its garbage in a valley outside the city walls (Gehennam a term later adopted for "Hell"). The Greek city states had ordinances against dumping refuse in or near cities, providing waste disposal sites for this purpose. In medieval European cities, garbage, human and animal wastes were discarded into the streets and areas surrounding the home. In the 13th century Parisians were forbidden to throw waste on the streets and had to dump it outside the walls of the city. In 1388, the English parliament prohibited waste disposal in public waterways. During the industrial revolution, medieval cities evolved into working class slums. Crowding, poor housing and sanitation forced municipal governments to take steps to reduce the nuisance effects of solid waste. 


Waste management continues to be a problem in the present as greater amounts are generated by the affluent lifestyles of the population of industrialized countries. In developing countries where rural to urban population shift is underway on a massive scale, rapid population growth, crowding and slums increase the burden of solid waste disposal. During the 1980s and s, return, recycling and reuse of waste products entered the popular culture in some countries and is beginning to have an impact on reducing landfill needs. 


Sources of solid waste include agriculture, mining, industry, and urban waste. In the United States, 95% of solid wastes are from agriculture, mining and industry. The remainder is from household waste which generates 150-180 million tons of solid waste generated annually. This is the equivalent of 4 pounds of refuse per person per day. Municipal waste collection and disposal are serious problems involving high costs and a serious public health burden if not done well. Waste management involves a variety of techniques, including recycling, composting, incineration and land refill. Each has its advantages and disadvantages. The techniques are part of the engineering of community infrastructure. Sea water dumping is still practiced in some countries, but increasing global concern about the effects of such practices on the ecology of the lakes and oceans makes this solution unacceptable. Waste disposal alternatives include sanitary landfill, composting, incineration, and reclamation through recycling and reuse.


Landfill is the major method of solid waste disposal. This involves spreading garbage in thin layers 8-10 feet deep and covering them with a thin layer of soil. This method is adequate if well planned and supervised. The problem of seepage of toxic materials from landfill sites and potentially explosive gas accumulation requires careful assessment of landfill sites and limits their potential. Limited possibilities for suitable landfill locations in large urban concentrations makes this method of disposal a serious urban planning problem. Sanitary landfill is expensive because of the cost of collection and transportation, the land value and the manpower required. Landfill under sanitary conditions requires compaction of waste and covering by well-spread yet compacted earth far from ground and surface water. Sites must be fenced to prevent scavenging by people, animals and off-hours dumpers. It should have well-paved and well-drained access roads. The landfill should be away from residential areas and well-maintained and tidy. It should be seeded in completed areas with grass and trees to control erosion and should be maintained by well-trained sanitarians. Methane gas produced by anaerobic decomposition in a landfill can be recovered for use. 


Composting or conversion of waste products into topsoil can be applied at the household and municipal levels. Byproducts of wood and food processing can be composted and used to reduce soil pollution from petroleum-based products. This involves separation of non-biodegradable materials from biodegradable materials and treatment of the materials to break down organic waste. Decomposition at high temperatures (1400 F) kills flies, weed seeds and potentially pathogenic organisms. In closed systems with forced draft aeration this process can be accomplished in a few days. However, with passive methods it takes many months. After further treatment of "curing" and screening or grinding, an excellent soil conditioner can be produced which can be used to enhance agricultural or horticultural work such as in nurseries, public gardens and parks. 
Incineration is attracting wide interest, but this is limited by high capital cost and the possible release into the atmosphere of potentially toxic materials such as dioxin and heavy metals. Meticulous maintenance requirements are needed to properly mix the materials for clear burning at high temperatures. In addition, there is the residual problem of ash disposal which in itself is toxic. Waste-to-energy incineration reduces the volume of waste products by 80-90% and produces energy which can generate electricity and replace fossil fuels. In Japan and Western Europe, 30-40% of solid waste is incinerated in waste-to-energy plants. 


Using garbage as feed for pigs is no longer acceptable because of the problem of meat contaminated with trichinosis (pork tapeworm). However, the practice is returning on an experimental basis with scraps ground and steamed prior to being used as animal feed. 



Recycling and waste reduction are methods gaining wide support. Reducing use of disposables (eg, packaging materials, disposable diapers) requires an ecologically conscious public and municipal, non-governmental or volunteer collection systems. Scrap metal, paper, glass, and plastic recycling can be commercially successful. Industry and commercial enterprises can be convinced to reduce use of bulky packaging materials and to adopt "ecologically-friendly" practices. Plastics and rubber tires are also recyclable in economically valuable ways. Ecological consciousness is fundamental to the success of such practices.


Recycling of iron, steel and aluminum in the United States in 1991 was very substantial part of total new production of these metals. Over 11 million vehicles are recycle, supplying 37% of al ferrous scrap. se of recycled iron and steel reduces air pollution by 86%, water pollution y 76% and solid wastes by 105%, as compare to production from new ores. Similar benefits accrue from recycling of aluminum scrap. Production of both steel and aluminum from virgin ore are both very polluting and energy intensive.

Toxins

A toxin is a substance in the environment with the potential for causing human disease or injury. Toxicology is the study of such substances and their effects on humans. All chemicals are toxic under some conditions, depending on the dose, concentration and the threshold or sensitivity of a given species for that substance. 


The range of chemical toxins and methods of classifying them are shown in the following table. The factors that affect the toxicity of an agent in addition to the extent and duration of exposure, include host factors (e.g. age, gender,fitness, previous exposure), environmental factors (e.g. temperature, air flow), as well as the nature of the toxic agent (e.g. physical and chemical properties). Toxicology is an important part of occupational health; further reference will require a specialized text.


Risk Assessment of Toxic Pollutants
Toxins can cause serious acute illness, death, cancer, birth defects, and other health problems. assessing the risk uses a process of identifying a chemical as a health hazard, quantifying exposures, establishing a dos-response relationship, and then characterizing the risk.  Common toxic air pollutant toxins released in a community include perchlorethylene from dry cleaners, benzene from gasoline, chromium from metal plating plants and methylene chloride from paints and automobile repair shops.


Establishing a point source for the pollutant such as a chemical, steel plant, oil refiner, waste disposal incinerator or other potential industrial source. Area toxic sources include automobiles, neighborhood dry cleaners, small metal plants and gas stations. Assessing the amount of pollutant released include an estimation of the amount released per hour multiplied by the hours of operation of the point source. Emissions of toxic materials are then diluted or dispersed as it travels out of the point source, affected by wind direction and speed as well as the height of the emission above ground. Estimating the number of persons exposed using population data and dispersion models requires expertise and computer models to help define the risk of toxic exposure. This is required for assessment of public health risks as well as legal liabilities of the point source management.

 Table 9.4: Classification of Toxic Agents in Environmental and Occupational Health

	PRIVATE 
Classification
	Subgroups

	By structure:

organic, inorganic

  
	Organic: aromatics (eg. benzenes), polyaromatics, amines, ethers, ketones, alcohols
	Inorganic: Anions, cations, heavy metals, metalloids (e.g selenium)

	By chemical type
	Organo-chlorines, organophosphates, halogenated aliphatic hydrocarbons, halogenated ethers, polychlorinated biphenyls, monocyclic aromatic hydrocarbons, phthalate esters, polycyclic aromatic hydrocarbons, nitrosamines, metals and inorganics, others 

	By source
	Natural: plants, bacteria, fungi 
	Synthetic: industrial reagents, products or byproducts; pharmaceuticals

	By use
	Pesticides, solvents, paints, dyes, coatings, detergents, cleansers, pharmaceuticals

	By action
	Enzyme damage, metabolic poisoning; macromolecular bindings (eg. DNA); cell membrane damage; sensitization, irritation

	By target organ
	Affecting nervous system, blood, kidneys, liver, lungs, skin, metabolic processes 

Reproductive system and genetic effects, teratogens; carcinogens


 Source: Adapted from Last JM. Public Health and Preventive Medicine, 13th edition, op cit, 1992, and Samiullah Y. Prediction of the Environmental Fate of Chemicals, 1990, op cit.


Toxic Effects on Fertility

Toxins can adversely affect fertility, pregnancy and the early or later child development. Reproductive potential can be adversely affected by reduced male reproductivity, such as by exposure to the pesticide bibromochoropropane (DBCP). Other chemicals have been implicated in increased abortion rates among exposed pregnant women. Birth defects or teratogenesis with exposure to some chemicals such as thalidomide. Some chemicals have been shown to relate to low birth weight and toxicity in newborns. Other chemical exposures, such as lead, produce brain damage in children.


Teratogens are substances which cause birth defects, diseases or abnormalities in the embryo or fetus either by disturbing maternal homeostasis or by acting directly on the fetus. Birth defects historically were attributed to retribution for sin, witchcraft or moral or physical defects in the mother. Scientific knowledge of genetic disorders has grown since the 1940s and many agents have been shown to cause birth defects. Such agents act on fetal development and not on genetic DNA, so that a threshold effect is assumed, i.e. the effect occurs only if the causative exposure is above a certain threshold. Some currently known teratogenic agents and their effects are shown in Table 9.5.

  Table 9.5: Some Teratogens and Their Effects on the Fetus and Newborn
	PRIVATE 
Teratogen
	Effects on Fetus and Newborn

	Maternal Infections
Rubella 

Syphilis, herpes simplex

Cytomegalovirus

Toxoplasmosis

HIV
	Congenital rubella syndrome, deafness, cataracts, heart defects

Mental retardation, microcephaly

Infected kidney, liver, lungs, 

Central nervous system lesions

HIV neonatal transmission

	Nutritional deficiency
Protein deficiency

Folic acid deficiency
	Abortion, prematurity, low birth weight

Anencephaly, spina bifida

	Ionizing radiation
X-rays or nuclear radiation or fallout
	Central nervous system disorders, microcephaly, mental retardation

	Drugs
Alcohol

Cocaine

Thalidomide

Dilantin, valproic acid

DES (diethyl stilbestrol)

Anesthesia

Barbiturates
	Mental retardation, microcephaly, facial defects

Prematurity, retardation, addiction

Phocomelia (i.e. small deformed limbs)

Heart malformations, cleft palate, retardation, microcephaly

Vaginal cancer in girls, genital deformities in boys

Miscarriages, structural deformities

Heart defects, microcephaly, retardation 

	Chemicals and heavy metals
Methyl mercury, lead, cadmium

Dioxin
	Miscarriages, mental retardation, neurological disorders

Physical deformities, miscarriage

	Cigarette smoke - direct and "second hand smoke"
	Miscarriage, prematurity, low birth weight


 Source: Adapted from Nadakavukaren A, op cit. p 160.

Agricultural and Environmental Hazards

Pesticide and herbicide use for improved agricultural production is a world wide phenomenon. Resistance to widely used chemicals has developed so that there is a continuing search for new chemicals. Excess use effects the eco-system by the build up of pesticides in the food chain and in ground water and the long term effects may be serious. 


Short term exposure to agricultural chemicals may result in acute poisoning, especially in developing countries where this is estimated to affect some 3 million persons with 220,000 deaths annually. Suspected concentration of pesticides in breast fat tissues may be linked with excess breast cancer. Pesticide use in North America and the former Soviet countries is high but has declined during the 1980s, while their use in western Europe exceeds both and is increasing. Widespread use of pesticides in developing countries is often poorly supervised and pesticide poisoning episodes are common.


 The use of herbicides and pesticides within the recommended limits of the Codex Alimentarius (joint foods standards manual of the Food and Agriculture Organization, or FAO and WHO) and methods recommended by the International Code of Conduct on the Distribution and Use of Pesticides are considered safe. Current recommended practice is to reduce the amounts of pesticide and herbicide use, accompanied by care and safe use and storage practices to reduce the chance of acute poisonings. 

Air Pollution
 
The External Environment


Air pollution is contamination of the air by smoke, solid material or chemicals that cause health and ecological damage to the community and the environment. It includes the oxides of sulphur and nitrogen spread locally and over long distances, including between nations. The effects are increasingly important as the use of fossil fuels has grown for the internal combustion engine, heating and power generation. Coal fuel used in homes created the terrible London air pollution of 19th and early 20th century London. This has subsided since the 1950s with reduction of brown soft coal usage in individual homes. Use of coal fuel-energy plants in central and eastern Europe has created a grey zone of air pollution carried long distances, destroying forests and creating serious damage to the human environment and health hazards to large population groups. Similarly, extensive damage has occurred in Canadian forests from acid rain originating in the United States.

PRIVATE 
 
BOX 9.4:  UPTON SINCLAIR - THE JUNGLE

"A full hour before the party reached the city they had begun to note the perplexing change in the atmosphere.  It grew darker all the time, and upon the earth the grass seemed to grow less green.  Every minute as the train sped on, the colors of things became dingier; the fields were grown parched and yellow, the landscape hideous and bare.  And along with the thickening smoke, they began to notice another circumstance, a strange, pungent odor....It was now no longer something far off and faint, that you caught in whiffs; you could literally taste it as well as smell it..." 

Source: Sinclair U. The Jungle. 1906, Classic Series, 1965, page 31.
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Large modern fossil fuel plants built near population centers may use high chimneys to disperse the effluent. This reduces exposure to adjacent population, but contributes to long-distance pollutant effects, carrying sulphur and nitrogen oxides to forests and bodies of water creating sulfuric and nitric acid or acid rain. This affects rivers, streams and lakes, many already burdened with sewage effluent and pesticide runoff, damaging the ecosystem and animal and plant life. The effects on human health are not easily measurable in a directly attributable way, but environmental damage affects the quality of life. International transmission of environmental damage is seen in nearly a quarter of Europe's forests from acid rain originating in eastern European countries with poor emission control standards. The range of damage measured by the percentage of dead and dying trees varies from over 50% in some eastern European countries (the Czech Republic and Poland) to over 24% in central and western European countries (Denmark, Norway, the Netherlands and Germany). In the 1979 Convention on Long-Range Trans-Boundary Pollution, European states agreed to reduce by 30% emissions that could cross international boundaries by 1993.


Air pollutants can enter the food chain by contaminating fish, fowl and livestock. Changes in the acidity of water can have further effects by corrosion in water pipes affecting lead, mercury, aluminum, cadmium or copper content of drinking water. Acidified metals may cause chronic conditions such as chronic obstructive lung disease an asthma to specific chemical toxicity. These are difficult to measure epidemiologically, so that regulation of source emissions are set as proxy measures for preventable exposure to unhealthful contaminants. 


Particulate matter in air pollution has both physical and chemical effects on the nasopharynx and respiratory tract. Excess cancer of the respiratory tract and chronic obstructive lung disease can be demonstrated in exposed populations. A variety of syndromes are associated with specific respiratory irritants, such as coal dust (miners lung), cotton dust (byssinosis), and others among exposed occupational groups. A study of regional cancer rates in Israel in the 1980s showed an excess of cancers of the nasopharynx and respiratory tracts in persons living in an area exposed to high levels of silicate materials in emissions from a local cement plant. Geographic cancer epidemiology in the United Kingdom shows higher levels of many diseases in terms of SMRs in urban or other polluted areas in Britain, correlating excess morbidity with excess air pollution.


The London "killer fog" incident in 1952 raised international concern on the deadly effects of critical levels of pollution as well as the long term  effects. In Britain this ed to controls on use of soft coals for home fires and gradual reduction of the victorian eves of smog that had fouled ambient air quality in British industrial and commercial centers. A similar episode in the same year in Donora, Pennsylvania raised similar concerns in the United States, and led to federal Motor Vehicle Air Control Act and the federal Clean Air Act of 1963. The New York City smog crisis in 1966 occurred a month before the third National Conference on Air Pollution, followed by a series of smog crises in California led to the Air Quality Act of 1967 and its amendments of the Clean Air Act of 1970, responding to a more generalized sense of systematic environmental crisis, but listed NOx, CO, SO2, Ozone, asbestos, dioxin and other Toxic Air Contaminants (TACs). The Clean Air Act Amendments of 1990 mandating FDA to address 189 listed air contaminants or Hazardous Air Pollutants (HAPs). The FDA has issued standards for many of these, including latex which has been identified as a factor in asthma, and is working on the others.


Localized air pollution is largely generated by the automobile as well as industry. The pollution of urban areas with lead and SO2 and nitrous oxide (NO) have been reduced where catalytic converters and unleaded gasoline are compulsory, although the beneficial effect can be countered simply by the increase in the number of automobiles, as shown in southern California experience. The state legislated California Air Resources Board has oversight responsibility for air pollution monitoring and prevention. It has issued industry by industry standards and delegate monitoring and enforcement to regional Air Quality Management Boards. These boards can require industries to undergo a certification process and can deny operating licenses based on findings, so that they have the sanctions of potentially closing an industry. 

Table 9.6: Air Pollutants, Sources, Health and Environmental Effects and Changes in 

Emissions and Air Concentrations, United States, 1988-97
	PRIVATE 
Pollutants
	Environmental and Health Effects
	% Decrease 1988-1997

Concentrations   Emissions

	Carbon monoxide (CO) emission from incomplete combustion of motor vehicle fuel
	Interferes with hemoglobin oxygen carrying capacity causing slowing of thought, responses, headaches; may cause unconsciousness and death; long term exposure adversely affects ischemic heart disease, fetal development
	38%                 25

	Nitrogen oxides (NOx), a normal byproduct of fuel combustion
	Irritates lung tissue, hay fever, asthma, allergies, bronchitis, pneumonia. Constitutes 1/3 of acid rain and green house gases
	14                   1

	Hydrocarbons (organic compounds, eg. benzene from vehicle and industrial emissions 
	Associated with cancer, leukemia and impotence
	

	Airborne particulates from vehicle (lead 80%, chromium) and industrial emissions (PM-10)*
	Lead impairs mental development of fetus and infant; heavy metals are respiratory irritants, carcinogens and toxins affecting nervous, circulatory and reproductive systems 
	Pb 67                44

	Ozone (O3), sunlight acts on ambient NOx and volatile organic compounds 
	Irritates eyes, ears, nose, throat and lungs causing coughing, headaches, reduces resistance to infectious diseases. Aggravates asthma, bronchitis, heart disease; acid rain can destroy forests
	16-19*                20

	Carbon dioxide (CO2) from motor vehicle exhaust fumes
	No direct health effects, but important in "green house effect" and global warming
	na                     na

	Sulphur dioxide (SO2) from sulphur in fuels (oil, coal)
	Irritant exacerbates bronchial and lung problems. Major source of acid rain
	39                     12


Note: In 1997, EPA revised ozone (O) and particulate matter (PM) national air quality standards. PM size reduced from 10 micrometers (PM-10) to 2.5 (PM-2.5). Air quality data derived from averaging thousands of yearly measurements from thousands of monitoring sites around the United States.Emission data derived from engineering estimates of tonnage of pollutants released into the air annually, and emission monitoring of SO2 and NOx from electric utility plants.

Source: Office of Air Quality Planning and Standards. Latest Findings on National Air Quality: 1997 Status and Trends. Environmental Protection Agency. Research Triangle Park. EPA-454/F-98-009, December 1998.


Where the number of cars and trucks increase but these measures are not required, the pollution can have alarming effects on child health by increased blood lead levels and respiratory tract damage from other chemical and particulate pollutants. Carbon monoxide blocks red blood cell uptake of oxygen and can reduce the oxygen carrying capacity of blood. In vulnerable groups, such as children, the elderly, pregnant women and the immunosuppressed, this can have serious deleterious effects on psychomotor function. Polycyclic hydrocarbons released from car emissions and other sources are carcinogens. Nitrogen oxide affects the terminal respiratory tract aureoles increasing tendencies to lower respiratory tract infection in children. Ozone (O3) and secondary pollutants affect ultraviolet (UV) light absorption, increasing skin cancer incidence. Ozone can travel hundreds of kilometers causing headaches and respiratory symptoms well away from the site of the traffic. CO2 effects global warming with potentially important effects on world climate and water supplies. 

Emission control through regulation and new technology should be seen in the context of overall transportation policy. Policy in transportation has long term effects in determining degrees of air pollution, land use and trauma from motor vehicle crashes. A full accounting of the costs of morbidity and mortality associated with air pollution and traffic accidents should be included in cost-effectiveness studies of rail versus road transport, especially in crowded urban communities and in countries with limited land space. 


Traffic congestion in modern cities exposes car occupants and pedestrians to exhaust fumes containing particulate matter and air pollutants. Pollutants may act to compound the ill effects of other risk factors such as smoking.Los Angeles is subject to heavy pollution and temperature inversions, producing harsh conditions for those prone to chronic bronchitis, asthma and chronic obstructive lung disease. Mexico City continues to choke in its increasing urban pollution. A study in Los Angeles showed that an increase of 10 parts per million of CO levels in the air was associated with a 37% increase in hospital admissions. Other large cities that have not implemented such pollution controls, such as Mexico City, continue to have serious air pollution levels.  


The federal Clean Air Act of 1970 in the United States, established air quality standards for major pollutants such as carbon monoxide, nitrous oxide, sulphur dioxide, ozone and particulate matter. Improving enforcement, especially of automobile emissions, has led to improved air quality in many parts of the country. This federal legislation is implemented at the state level. It sets standards for ambient air quality, automobile emissions and emission by stationary facilities, such as power plants and factories. Such standards are also being implemented in many other countries. 


The Clean Air Act Amendments of 1990 listed 189 Hazardous Air Pollutants (HAPs) which Congress mandated for EPA to issue standards requiring companies to sharply reduce routine air pollutant emissions. EPA is required to establish performance based standards for all industries that emit significant quantities of pollutants. These include asbestos, dioxin, diesel and many other potentially toxic agents. The Clean Air act as amended provides for state agencies to regulate local air districts. 


The California Air Quality Management Board regulates local Air Quality Management boards (e.g of southern California) which carries out a certification process of local industry. This board has powers to sanction changes in industrial practices in any given industry by attributing its component of ambient air pollution. Technological innovations are becoming standard in some new automobiles at the end of the 1990s which will further reduce emissions and increase car mileage per gallon of gasoline. Other innovations incorporate hydrogen fuel cells, hybrid and electric vehicles which will be nearly zero pollutants.




Diesel air pollutants became the subject of scrutiny and decision by the state Air Resources board which carried out a meta-analysis and defined diesel pollution as a health hazard. This requires use of Best Available Control Technology (BACT) to reduce emissions, from the defined "acceptable risk" of 10 excess cases of cancer per million population. In the case of diesel emissions the excess rate was determined to be 100 times in excess of the acceptable rate. Industry opponents to this step raise the specter of horrendous economic effects of such decisions, but the BACT approach minimizes this potential harm to the economy. At the same time the process of identifying the issue spurs industry to seek out technological solutions that are compatible with greater efficiency in the long run. 

 
MTBE


MTBE was developed as an additive to gasoline to boost fuel oxygen content and improve octane performance and widely adopted in the US, especially in California in place of ethanol used in other states. Ethanol is a farm product which was encouraged by the US Department of Agriculture as a new product for farmers and was promoted as a relatively non toxic agent environmentally. Some gasoline producers opted to use MTBE instead, as it is produced by the chemical industry. MTBE is a volatile, ether-based chemical agent which when found in drinking water gives a bad taste. 


MTBE was adopted widely without adequate testing for potential toxic effects, and has come under scrutiny. There are virtually no studies of its toxicity and meta analysis cannot be carried out with any degree of confidence because of lack of studies or data. Evidence of carcinogenesis in rats raised concerns that it may have this effect in humans, especially to rives, gasoline station attendants and refinery workers exposed to high levels of MTBE. The effectiveness of MTBE in cleaning the burning of gasoline and reducing exhaust pollutants has also been questioned. MTBE has been found in 3.4% of water districts in California, and some 50% of drinking water wells in Santa Monica California were closed due to MTBE contamination in 1995. 



The MTBE story shows a lead federal agency allowing widespread use of a chemical substance used widely in industrial settings where it is manufactured, and environmentally from automobile emissions. A more environmentally safe substance meeting the same industrial and commercial use in farm industry was allowed to be replaced even before environmental concerns brought the issue under public scrutiny. The American Public Health Association has since 1996 called on the FDA to ban use of MTBE as a hazardous chemical, restriction on use of gas powered boats on lakes and rivers, and a return to ethanol based fuel additives.

Indoor Pollution 


Contaminants within private dwellings may be a greater health hazard than external pollution. Indoor pollution particularly affects women, the very young, the ill and the elderly because they usually spend more time within the home. Increased insulation, window layers, sealed doors and smoking all contribute to increased concentration of indoor pollutants, including benzene, formaldehyde, carbon monoxide and radon gas, as well as bacteria, fungi and viruses. Smoking is a widespread habit and passive smoking, or inhalation of smoke generated by other persons, is a long term health hazard.



Wood and its waste products, vegetable matter and animal dung and sometimes referred to as bamboo fuels. These are not efficient fuels in terms of heat produced per unit mass as compared to fossil fuels. These fuels are used extensively in rural areas of developing countries because they are cheap and widely available, but require much time to gather, and lead to deforestation with other damage to the environment. Often primitive stoves are used, which result in high levels of continuous daily indoor pollution due to poor ventilation, as well as creating fire hazards. Carbon monoxide poisoning during sleep is also a danger. Approximately half of the world's population depends on such fuels for their daily needs. 


The dangers associated with use of bamboo fuels include fires, smoke inhalation and chronic indoor pollution. These fuels release many chemical compounds including, suspended particulate matter, carbon monoxide, nitrogen and sulphur oxides, aldehydes, hydrocarbons, benzene, phenols, and complex hydrocarbons. Women in India show high rates of right heart failure (cor pulmonale) from cooking stove fumes. Technological development of more efficient wood stoves would reduce the problem, however, other forms of energy are more efficient and less damaging to health in the home and to the environment.


Indoor pollution from materials used in construction are important health problems. Asbestos in the home may contribute to mesothelioma and lung cancer. Lead paint in the homes increases the hazard of lead toxicity among young children which is associated with brain damage. Solvents and mould in the home may contribute to asthma morbidity and mortality. The effects of these hazards are discussed in detail after in this chapter.


Radon Gas

Radon is a very heavy gas producing alpha radionucleides. Radon originates in the natural radioactive decay of uranium from soil and rocks such as granite, shale and phosphate and is present as a gas in ground crevices, dissolved in water or dispersed in open air. It seeps into homes via basements cracks, and into well water and point sources which enters homes. Radon byproducts enter the lungs. Radon was first detected in homes in the United States in 1984 near Philadelphia. Early investigations showed in-home radiation exposure as high as the equivalent of 455 thousand chest X-rays. Further investigation revealed that sections of eastern Pennsylvania, New Jersey and New York lie over uranium-rich geological formations which result in high levels of radon contamination. 


The US Environmental Protection Agency in 1988 advised that all homes be checked for radon levels. Inexpensive home radon detectors are available which meet EPA standards. The EPA estimates that radon is the cause of between 5-20,000 cases per year, or up to 10% of all lung cancer deaths in the US. Hundreds of thousands of US citizens receive as much radiation as do persons living near the Chernobyl plant at the time of the nuclear accident in 1986. Cigarette smoking has a synergistic effect in enhancing the radon-related risk of lung cancer by a factor of 10. Radon reduction can be carried out in high risk homes by carefully planned sealing of identified sources, ventilation and fans for high radon basements. 


Outdoor-Indoor Pollutants 


Carbon monoxide, nitrogen oxide, chemicals and particulate matter are common outdoor pollutants which can accumulate in homes with kerosene and wood stoves, attached automobile garages or cigarette use. Passive smoking can expose the non-smoker to benzene and other carcinogens. Formaldehyde is produced from insulation material, plywood and floor coverings, especially in mobile homes. Chemical fumes from household products, such as disinfectants, solvents, hair sprays, furniture polish and dry cleaning solvent also pollute the home atmosphere as well as providing potential for childhood poisonings.


Carbon monoxide poisoning from home heaters where there is inadequate ventilation causes 100 deaths per year in the United Kingdom. Some deaths from carbon monoxide poisoning may be attributed to heart disease and can only be diagnosed affirmatively by measurement of carbon monoxide in the air or blood carboxyhemoglobin levels. 


Biological Pollutants

Bacteria and fungal spores can enter a building and infect inhabitants, usually through the ventilation system, as is the case with Legionnaire's Disease (see chapter 5). Occupants of a building may suffer from allergies due to fungal spores, mites, animal dander, and feces of roaches or mites. These are more likely to occur in buildings using humidifiers or vaporizers with stagnant water, which favor bacterial and fungal growth.


Sick Building Syndrome

This term is used to describe a common symptomatology (headache, eye and nose irritation, dizziness, fatigue, wheezing or recurrent respiratory infections) among persons working in a specific building. This may occur as a result of a poor ventilation system which fails to provide sufficient fresh air, specific microbiologic pollution of a ventilation or humidifier system, vehicle exhaust entering a ventilation intake vent, ozone emissions from photocopying machines, formaldehyde in wood panelling or furniture or cigarette smoke.


Non-residential buildings are often sealed with ventilation provided by mechanical means, so that such conditions can occur when the ventilation system is inadequate. Building codes should specify minimum levels of outside air admission, acceptable levels of oxygen, carbon monoxide and carbon dioxide, odor dilution and adequacy of ventilation equipment. 

Hazardous or Toxic Wastes

Toxic materials used in industrial processes can cause ill-effects on workers exposed to the material at the site of production and in storage, transport and use of the materials. They can also cause harmful effects on persons living near to the material, as well as long-term effects on the environment. Case studies of serious environmental pollutants and their effects on health demonstrate the problems involved.


Hazardous wastes are defined as any discarded material that may pose a substantial threat to human health or the environment when improperly handled. This includes: toxic wastes such as arsenic, heavy metals and pesticides which can cause acute or chronic health problems; ignitable wastes include organic solvents, oils plasticizers and paint waste; and corrosive wastes (with a pH of under 2 or over 12.5) which can eat away metal containers or living tissue. 


Reactive wastes include obsolete munitions and acids which react with water or air to produce explosions or toxic fumes. Radioactive and infectious wastes from hospitals are also hazards to public health. Hospital wastes took on new importance with hepatitis B and HIV and drug-resistant microorganisms in contaminated materials. The problem of biological waste disposal caught worldwide attention in the late 1980s when waste material from hospitals washed onto beaches in the United States. Hazardous waste disposal has become an environmental issue of wide concern in recent years.


Love Canal: The Love Canal episode in the late 1970s served to mobilize public opinion and awareness of environmental health in the United States. In the 1890s, Mr William T Love built a canal bypassing Niagara Falls with the intent of building an industrial city using cheap hydro-electric power. The project failed and the canal was abandoned. In 1942, the Hooker Chemical Company (later Occidental Petroleum Co.) received permission to use the canal to dump chemicals from its several plants in the area. A total of 21 thousand tons of chemical wastes (acids, alkalis, solvents, chlorinated hydrocarbons, etc.) were disposed of at the site before it was covered and the land was sold for use for schools and parking areas. Despite warnings, houses were constructed along the canal. 


In the 1970s oil drums and chemicals oozing from the covered canal were found. In 1978, pressure from local congressmen and news media prompted investigation by the United States Environmental Protection Agency and New York State Department of Health. Over 200 different chemicals were identified, including dioxin and 12 known or suspected carcinogens, mutagens and teratogens. The New York State Commissioner of Health proclaimed an imminent health peril and called for evacuation of pregnant women and children under age 2. Over 1,000 families were evacuated and 300 homes demolished at public expense. Work at the site to contain the chemicals and prevent seepage and ground water contamination cost over 180 million dollars. This could have been safely managed by the Hooker Company by a 2 million dollar investment at the time of the disposal. 


Epidemiologic studies of the exposed residents showed that they experienced statistically significant elevated rates of miscarriage, birth defects and chromosomal abnormalities, but the studies' methods and conclusions remain controversial. This episode focussed national concern on the approximately 16 thousand hazardous waste sites throughout the country. Love canal was seen as the tip of an iceberg, and helped mobilize federal, state and local action to address the issue of hazardous waste disposal as a major environmental concern.



Minimata Disease: Minimata disease is a chronic neurological disorder caused by methyl mercury. The disease was first reported near Minimata Bay in Japan in 1968. Mercury oxide was being discharged from a chemical plant into the waters of the bay. It was converted into an organic form, methyl mercury, by organisms in the mud and slime of the bay floor. This organic form entered fish where it was concentrated and poisoned consumers of the fish. As of 1990, 2248 cases were reported with 1004 deaths. Compensation, clean-up and damages cost hundreds of millions of dollars. This episode also served to mobilize international public opinion to the dangers of toxic waste disposal as a health hazard.

Mercury poisoning of fish is a recurrent phenomenon where industrial wastes discharged into rivers, lakes and the sea enter the food chain and reach humans through fish consumption. 


Toxic Waste Management: Pollution prevention at the workplace has become part of management processes as industry responded to increasing federal and state regulation and as the public demand for greater corporate responsibility led to increasing punitive litigation. In 1986, the federal Office of Technology Assessment published "Serious Reduction of Hazardous Waste", and the OECD published a 1992 document calling on workers to play a greater roe in pollution prevention. The chemical industry responded to the idea of Total Quality Environmental Management (TQEM), adopting pollution prevention as integral to industrial management. Companies like 3M, Monsanto and Rhone-Poulenc and industria associations (the Chemical Manufacturers Association) undertook environmental prevention policies. Community activism helped industry to respond positively and openly to environment hazards in their communities. The search for safe alternatives to toxic chemicals can e costly but may save a company large outlays in fines, litigation and damage to corporate image. the issue is now very broadly shared between government, private industry, workers, community involving planners, scientists, engineers, regulators, residents, as well as environmental organizations, and consumers. Government interests in promoting electric vehicles as alternatives to fossil fuel vehicles raises important issues of toxic waste from car battery production. 

Pollution prevention is in the interests of al these groups.

Radiation


Radium and uranium and their products are examples of natural radiating elements. Three types of radiation commonly discussed are alpha particles, beta particles and gamma rays. An alpha particle is identical to a helium nucleus and has a double positive charge and a relatively large mass. Beta particles are identical to electrons. Gamma rays are electromagnetic radiation like X-rays. Alpha particles are easily stopped by a thin sheet of paper, while beta and gamma can be dangerous both inside and outside of the body. Radiation dislodges atoms or parts of atoms from larger atoms or molecules which can adversely affect living organisms, especially fetal cells. This can result in mutations or carcinogenesis.


Ionizing Radiation


Ionizing radiation includes high-energy electromagnetic radiation, such as X-rays or gamma rays which are of shorter wavelength and higher energy than ultraviolet or visible radiation. It also includes high energy particles such as electrons, neutrons, protons and alpha particles. Excessive exposure to these forms of radiation have early and late effects depending on dose and the tissue exposed. Early effects of exposure to high doses of radiation may be fatal due to acute damage to the gastrointestinal, erythropoietic (bloodforming) and central nervous systems. Late effects include malignant disease such as leukemia and hereditary disorders, including birth defects. The principal sources of radiation exposure for the general public include: natural background radiation from the earth and from outer space; medical exposures; and discharges from the nuclear industry.


Shorter exposure with high dosage is far more serious than long-term low dose exposure. Radiation sickness of people exposed to radiation from the atomic bomb explosions at Hiroshima and Nagasaki and nuclear accidents ranged in severity with a variety of short and long term responses. The long term responses have been less severe than originally feared.


Ionizing radiation of humans can act as a mutagen, a carcinogen and a teratogen. It can cause cataracts, impaired fertility, premature aging and skin damage. Radiation induced cancer can occur as little as 2-5 years after exposure or following a latency period of up to 25 years following exposure. Greater risk occurs for those exposed in utero. X-ray-induced disease from excess exposure, faulty equipment or human error is a hazard of medical care. There is perhaps no safe exposure to ionizing radiation beyond atmospheric background, and any extra exposure should be limited with prudent exposure to X-rays and limited exposure to atomic radiation from domestic or military uses. 


Non-Ionizing Radiation

There are two types of non-ionizing radiation, optic and some electromagnetic fields. Optic radiation includes ultraviolet and infrared. Electromagnetic fields, such as those induced by microwave or radio frequencies are described in terms of wave lengths or frequency. The harmful effects of non-ionizing radiation are of three main types: photochemical (sunburn or snow blindness), thermal and electrical. 


The health effects of ultraviolet (UV) radiation include increasing incidence of squamous and basal cell carcinoma and melanoma of the skin, a highly malignant cancer. This kind of radiation is associated with excess exposure to the sun, which, in addition to these skin cancers, causes skin and eye burns, cataracts, reduced immunity and damage to blood vessels. Infrared radiation exposure over long periods is associated with increased risk for cataracts, impaired fertility and tissue damage. 


Long-term exposure to high voltage power lines and radio and radar transmitters is suspected to be associated with increased risk of cancer but this has not yet been proven. Microwave exposures at high levels can damage vulnerable tissues, but the level of dangerous exposure has not yet been conclusively determined. Some people have recently become concerned about the effects of long-term cellular phone use. Lasers are pulsed electromagnetic waves used increasingly in medicine and industry. Lasers not intended for medical use (and misused medical lasers) can cause irreparable retinal damage and severe burns.


Low dose irradiation of food in production, processing and handing of foods to prevent food safety hazards is being widely supported by professional organizations as an adjunct to sanitation and good manufacturing practices in order to reduce morbidity and mortality associate with foodborne disease even in industrialized countries. More than 40 years of research and use in the United States and many other countries have demonstrated its effectiveness and safety. This is rapidly becoming an essential part of public health protection from foodborne disease in the United States and internationally.

Environmental Impact 


The United States National Environmental Policy Act (NEPA), passed in 1970, made protection and restoration of the environment a matter of national policy. NEPA required all federal agencies to take environmental considerations into account in decision-making processes and program implementation. Environmental impact statements are required for major construction and public works programs, delineating positive impact, possible adverse effects, alternatives and any irreversible effects. This legislation has resulted in changes in many national projects and changed governmental approach to supervision, control and prevention of pollution with materials and processes that may cause harm to human health and the environment.


Emergency Events Involving Hazardous Substances

Since World War II, there has been a rapid increase in the number of chemicals developed and used worldwide. More than 60 thousand chemicals are available, with some 600 new substances produced every year, an unknown number of which are hazardous. The health effects resulting from the release of a hazardous substance are often unknown. A hazardous substance release is defined as the uncontrolled or illegal release or threatened release of chemicals or their hazardous by-products. 


Reportable events are defined as those events in which the substances need to be removed or cleaned up. Plant management is liable for damages due to negligence in both civil and criminal law. Where community exposure occurs from negligence, accident or natural disaster, a public health emergency response is required, based on prior preparation. 


In the United States between 1988 and 1992, 34,575 toxic chemical accidents were reported, of which 2,186 involved deaths, injuries or evacuations. These accidents released 680 million pounds of toxic chemicals into the environment. Almost two-thirds of these incidents involved one of 15 chemicals with polychlorinated biphenyls heading the list followed by anhydrous ammonia, sulfuric acid, chlorine, hydrochloric acid, ethylene glycol, sulphur dioxide, radioactive materials and hydrogen sulphide. Potential for chemical disasters requires a fundamental preventive approach by industry with supervision by federal and state regulatory agencies. In the US the major federal agencies involved are the Environmental Protection Agency (EPA) and the Occupational Health and Safety Administration (OSHA).


Internationally, a number of major disasters have occurred in recent decades. In Seveso, Italy in 1976, an explosion in a chemical factory resulted in 17,000 persons being evacuated and many terminations of pregnancy among exposed women. A sudden release of highly toxic methyl-isocyanide occurred in 1984 from a chemical plant in Bhopal, India, causing thousands of deaths, blinded or permanently injured several thousands more and evacuation of an estimated 300 thousand persons living in adjacent neighborhoods. The tragedy at Bhopal led to greater recognition by policy makers and the public that the potential for toxic accidents is anywhere, any time and any place and not just in developed countries. Transfer of hazardous occupations and industries to less developed areas is a growing issue. 


In 1986, the nuclear plant disaster at Chernobyl in the Ukraine released ionizing radiation into the atmosphere. The radiation spread for hundreds of miles, causing 33 immediate deaths, the severe exposure of 300 persons and the evacuation of some 135,000 persons from an exclusion zone of 30 kilometers around the plant. The long term effects on the exposed population are being followed, with some evidence of increased thyroid cancer and leukemia rates. The economic loss from the disaster was very high, and confidence in atomic energy for energy production severely shaken internationally.


Nuclear and chemical disasters have become a major element in disaster planning for corporate, investor and occupational and environmental health agencies. Emergency responses to chemical, radiation or biological catastrophes involve specialized expertise, based on common principles of prevention, monitoring and crisis management. These include: prior emergency planning, speed, coordination of civil and military resources, skilled professional teams, information and public concern to know, logistical, medical and laboratory support, on-site case management and evacuation, investigation of causes, and continuous team work among all involved agencies.


The Exxon Valdez was a large oil tanker which ran aground in Alaska in 1989, spilling large amounts of crude oil in Prince William Sound. Cleanup efforts required enormous amounts of money, and the spill became a cause celebre for the environmental movement. The incident highlighted the importance of monitoring of seagoing chemical and fuel vessels. New cleanup techniques are being researched and applied in recent years. This event was precedent-setting due to the public and legal recognition that personal responsibility lies with the ship's captain and fiscal responsibility of the company which owns the ship for cleanup and other costs to reduce the environmental damage. In response, a Coalition for Environmentally Responsible Economics (CERES) of investment fund advisors, and social advocates established the "CERES Principles" demanding environmental monitoring of corporations regarding energy use, public disclosure, damage compensation, sustainable use of natura resources and environmental representative on board and management of corporations.

PRIVATE 

BOX 9.7:  RECENT NUCLEAR ACCIDENTS: 


THREE MILE ISLAND AND CHERNOBYL, 1979 AND 1986
The Three Mile Island: In 1979, the nuclear plant at Three Mile Island in Pennsylvania suffered a near disaster which devastated the plant but did not release nuclear material. It led to review of safety procedures and heightened public concern as to the overall safety of nuclear energy facilities.

Chernobyl: In 1986, nuclear energy plant located at Chernobyl in the Ukraine suffered a melt-down which breached the integrity of the containment vessel and caused a massive explosion of the reactor.  A series of staff errors led to loss of control of the reactor with power levels soaring to 120 times the normal, rupturing of the fuel rods and vaporized the cooling system. A steam explosion then blasted open the 100 ton concrete slab covering the reactor, setting uncontrollable fires. Despite valiant attempts by emergency personnel and staff to control the blazes the fires could not be controlled immediately. Air dropping of sand, clay, limestone and lead led to fire control but the heat of the reactor and radiation could not be reduced for many days. Immediate deaths included 33, mostly among the firefighters with 237 suffering acute radiation poisoning. Evacuation of an area of 19 square miles included 135 thousand people.  


The nuclear fallout material carried in a 1900 foot plume, including Iodine 131, Cesium 137 and Xenon isotopes, spread across much of Europe. Fallout reached some 20 countries and an international public health threat of major proportions occurred. The long term effects in terms of increased cancer and birth defects are hard to assess but current estimates are of 500 (1-2%) additional cancer cases among 100,000 persons exposed to 10-20 rads. The actual increase in incidence of thyroid cancer, other cancers, birth defects and general impact on health will only be determined by careful epidemiologic follow-up of the exposed population over many years. The economic impact of the disaster is estimated at over 19 billion dollars and replacement of the plant at a similar sum. Close to the 10th anniversary of the Chernobyl disaster, a second nuclear leak nearly occurred due to human error. The Ukrainian government lacks the means to close the plant without international financial support.  
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Man-Made Disasters, War, Terrorism  


The man-made disaster of war has used chemical, biological and nuclear methods of destruction. War's offspring, terrorism has used chemical armamentaria and may use biological or even nuclear destruction sooner or later. All can cause great damage to human life and constitute a part of public health responsibilities at the end of the 20th century. When disasters occur, lessons can be learned to improve services for the next disaster, be it natural or man-made (see chapter 7).


Since World War I, poison gas has been used as a weapon against both front line troops and against civilian populations. This practice has continued almost to the end of the 20th century. Poison gas was used with deadly efficiency by the Nazis in the Holocaust of the Jews in World War II. Egypt used poison gas in its war in the Yemen in the 1960s, and, in the 1980s, Iraq targeted Kurdish civilian villages killing thousands of men, women and children. Defoliants (Agent Orange) used widely during the in Vietnam War are believed to have long-term effects on Vietnamese civilians and on exposed military personnel.


During the Gulf War of 1991, the potential use of poison gas in long range rockets on civilian populations targets was narrowly averted. Several years later, thousands of United States service personnel were reporting a variety of neurological symptoms and general fatigue. By 1996, these cases were being recognized by the Department of Defense as possible long-term sequelae of accidental downwind exposure by troops to toxic agents following destruction of Iraqi chemical weapons. In 1995, a chemical attack with an extremely dangerous chemical warfare agent (Sarin) was carried out by an extremist cult in Japan on subway passengers in Tokyo, resulting in 12 deaths and three thousand injuries with hundreds of hospitalized persons. 


Terrorist bombing incidents occurred in many parts of the world during the 1990s. The 1995 bomb detonated by domestic terrorists in a federal building in Oklahoma City in the United States killed over 160 persons. A bombing of a United States military living complex in Saudi Arabia causing large numbers of deaths and injuries. Each incident resulted in national concern over the potential for terrorist action causing mass casualties. The fear increased when people realized that many bombs can be made with easily obtainable chemicals or explosives. In the same month a large explosion occurred in an oil pipeline in Russia caused no casualties, but resulted in increased international concern for safety of the environment and the population.


Residual land mines left in place without markings after warfare or preparation for it cause continuous loss of life and limbs often among farmers and children. Landmines are present in many areas of conflict past and present in the millions, and clean up is dangerous and costly. In 1997, approximately 800 persons die and 1200 injured, 1/3 of whom require amputation, each month from landmines. Landmines limit land and water use by limiting access and have serious economic consequences for farmers. An international movement to ban the use of landmines has gained international prominence with support given to it by Princess Diana and by awarding the 1987 Nobel Peace Prize to founders of this movement. Prevention is by raising awareness and political action to prevent landmine use and support efforts for landmine clearance. The United States is one of the few countries to refuse to sign this international accord.


The potential for intentional, negligent or accidental disasters, whether man-made or natural, is a real and present danger requiring health officials to coordinate with civil defense and military authorities to prepare disaster plans and continuously exercise to prepare for such events. Planning can greatly reduce the number and severity of casualties of toxic chemical disasters.


Preventing and Managing Environmental Emergencies

Public health has an important role to play in prevention, management and mitigating the effects of man-made and natural disasters. The United States Congress passed the Emergency Planning and Community-Right-to-Know Act of 1986 following the 1984 Bhopal disaster. This legislation established state and local agencies for chemical emergencies. It requires facilities that handle hazardous chemicals to make information available to the public
. It also requires steps to be taken in preparedness for possible chemical accidents. This involves a holistic approach integrating technology, procedures and management practices. The first responsibility lies with management, which must have a high level of awareness and commitment to accident prevention and safe practices. The range of industries-at-risk is very broad in modern societies. It includes local dry cleaners and furniture manufacturers as well as the chemical industry. The right-to-know extends from governments, professional societies, trade associations, labor unions, the research community, the news media and environmentalists as well as the general public. The right-to-know has become the need-to-know.


PRIVATE 
 

BOX 9.8: EMERGENCY PROCEDURES FOR CHEMICAL OR RADIATION DISASTERS
1.  Contain and reduce spread of toxin;

2.  Minimize exposure by evacuation or ensuring the potentially exposed population remain inside, with the 
affected areas sealed off and quarantined;

3.  Identify, decontaminate and triage exposed persons;

4.  Measure exposure and reaction;

5.  Determine causative agents and antidotes;

6.  Antichemical procedures for exposed including removal of clothing, showers, antidote;

7.  Coordinate on site triage and evacuation for medical care;

8.  Medical or hospital care for exposed persons;

9.  Accurate public information;

10. Health and supportive care at evacuation sites;

11. Investigate - professional and criminal;

12. Compensation to the injured or displaced;

13. Civil and criminal charges against negligent management persons and corporations;

14. Documentation and recommendations from lessons learned;

15. Review procedures and revise disaster plan operation;

16. Public and professional discussion.
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Environmental emergencies occur from release of chemicals or radiation into the air. Inhalation and fallout effects downwind of the site depend on weather conditions and dispersion of the smoke plume. Clinical management of exposed civilians and emergency personnel is an activity of health management which involves organizing triage and transportation services at the site of the disaster. The decision to evacuate civilians is often made with limited information but must take into account the potential for exposure during evacuation weighed against the protective effect of sealing homes and staying indoors.


The team needed to manage such a situation involves public health, occupational health and epidemiology investigators as well as police, fire services, civil defence, armed forces, chemical warfare units and psychological staff. Post-disaster recovery planning is part of the planning process. Disaster planning is discussed in chapter 8. Long term effects include Post-Traumatic Stress Disorder (PTSD) which can result in serious psychological dysfunction in affected individuals. PTSD can be alleviated by early psychological support for victims of mass disasters at the site and at evacuation or follow-up centers and should be part of emergency care planning. 


Rapid risk assessment involves weighing the hazard, exposure potential, dose-response as well as both short and long term risks. Command centers and designated leaders are needed to maintain control of the multitude of needs for information, coordination between agencies and the distribution of resources to areas of greatest need. Long term epidemiologic assessment may be necessary for legal and compensation purposes, as well as for training and preparation for future events. 


Advocacy is a public health function and environmental and safety issues are areas where advocacy can bring important public benefit. Leadership in defining public health problems and in defining necessary action to reduce risk factors, or short or long term ill-effects, requires skill in interpretation of epidemiologic events and studies, providing perspective for policy makers for addressing those issues.    

Environmental Health Organization 


The World Health Organization Commission on Health and Environment report published in 1990 represents a consensus documentation of international environmental health issues. This committee was chaired by Simone Weil of the European Parliament, and included many distinguished scientists and professional leaders from several countries. Organizations represented included: the Commission of European Communities (CEC), the Council for International Organization of Medical Science, the Food and Agriculture Organization of the United Nations (FAO), the International Atomic Energy Agency (IAEO), the International Labour Organization (ILO), International Chamber of Commerce, the International Group of National Associations of Manufacturers of Agrochemical Products and the International Life Sciences Institute. This group represented a strong international consensus on joint action to prevent and clean up environmental degradation that had occurred in Europe over the past several decades.

 Table 9.8: United States Federal Government Agencies with Environmental Responsibilities
	PRIVATE 
Environmental Protection Agency (Independent)

Council on Environmental Quality (Executive Office)

Nuclear Regulatory Commission (Independent)

Office of Environmental Safety and Health (Dep't Energy)

Office of Environmental Management (Dep't Energy)

Office of Environmental Policy and Assistance (Dep't Energy)

Office of Surface Mining Reclamation and Enforcement (Dep't Interior)

Bureau of Land Management (Dep't Interior)

Center for Environmental Health, CDC (HHS)

National Institute of Occupational Safety and Health, NIOSH in CDC  
	Consumer Product Safety Commission, independent

Public Health Service, PHS in HHS

Centers for Disease Control, CDC in HHS

Food and Drug Administration, FDA in HHS

Agency for Toxic Substances and Disease Registry, HHS

Occupational Safety and Health Admin, OSHA in Dept Labor

Mine Safety and Health, Dep't Mines

Fish and Wildlife Service, Dep't of Interior

Soil Conservation Service, Dep't of Agriculture


Note: The Department under which each agency falls is listed in parentheses. HHS= Department of Health and Human Services


A national organization for environmental health can take various forms. In the past it was common for Ministries of Health to have environmental health departments, but in recent years this has increasingly moved to ministries of the environment. The United States established the Environmental Protection Agency within the Department of Health and Human Services in 1970 as the federal agency to coordinate the administration of a wide range of environmental health problems, but has since become an independent agency of the federal government. The EPA sets standards and regulations for a variety of legislation pertaining to the environment, such as air and water pollution, solid and hazardous waste management, noise, public water supplies, pesticides and radiation. In the US federal government, a wide variety of agencies located in different government departments have responsibilities related to the environment. 


OCCUPATIONAL HEALTH

Introduction


Occupational health is devoted to the prevention of occupational diseases and injury, based on anticipation, surveillance, analysis of data and control. Diseases related to occupations have been an essential part of public health. Modern occupational health has evolved to become a subtopic within environmental health. The worker is also a member of a family and bread winner, so that the health of the worker is related to family health. The worker is concerned not only with what happens at the place of employment t also with hazardous agents he or she might accidently bring home. The retired or laid-off worker is worried about well-pensioned and honorable retirement. Occupational health in this wider context has an important place in the New Public Health.

Development of Occupational Health

Occupational health is one of the oldest sectors of public health, dating back to Roman times. Documentation of occupational diseases was begun in 1700 by Ramazzini. Historic examples of work related health hazards and diseases include: scurvy among sailors, cancer of the scrotum specific to chimney sweepers in 19th century England, black lung in coal miners, mercury poisoning in hat makers (e.g. the Mad Hatter in Alice in Wonderland), byssinosis in cotton mill workers and mesothelioma in asbestos workers. The list is long and extends to musculoskeletal injuries, hepatitis B in hospital workers, spinal disorders in typists and medial neuritis in computer workers (Carpal Tunnel Syndrome). Interventions vary widely from the banning of asbestos usage to modifying the office work environment through better chairs and exercise breaks.


Government responsibility for setting standards, monitoring, intervention and regulating compensation grew slowly over the past century. Case reports, epidemiologic studies and advocacy regarding the effects of lead, asbestos, vinyl chloride, silicon and dust fibers led to steps to reduce the hazards to workers and provided the professional support for legislative initiatives. International standards developed by the League of Nations, the International Labor Organization (ILO) and other international organizations promoted development of this field.


During the early part of the 19th century, reform of the harsh working conditions of children, women, and workers generally. The first factory inspectors in the United Kingdom were appointed in 1833 to administer the provisions of the Factory and Workshops Acts. In 1898, Thomas Legge became the first medical doctor appointed to the post of Chief Factory Inspector in the United Kingdom. He articulated the basic public health approach to worker's health and established the principle that management is responsible for the health of its employees. These issues are termed Legge's Axioms and are still relevant to the field of occupational health today.

  Table 9.9: Thomas Legge's Axioms on Worker's Health and Modern Equivalent 

	PRIVATE 
Legge's Axioms
	Modern Version

	1. Unless and until the employer has done everything - everything means a good deal - the workman can do next to nothing to protect himself
	Don't blame the victim; the health of workers is the responsibility of management

	2. If you can bring an influence to bear, external to the worker, that is one over which he can exercise no control, you will be successful; if you cannot or do not, you will never be wholly successful
	Structural change is best

	3. Practically all industrial lead poisoning is due to inhalation of dust and fumes
	If you stop the exposure you stop the poisoning

	4. All workmen should be told something of the danger of the material with which they come into contact and not be left to find out for themselves - sometimes at the cost of their lives  
	Worker's have the right to know of potential hazards to their health at their place of employment


 Source: Adapted from Hunter D. op cit.

The Health of Workers

The health of workers is subject to normal health threats for the adult population, but there are specific threats to health associated with the work situation. Workers exhibit lower death rates than the general population. A worker population is demographically different than the general population and even epidemiologically different than a population matched for age and sex. This is due to the fact that there is a process of selection of workers which excludes the severely ill and disabled from employment. The selection process continues with attrition of unhealthy persons from the workforce. This is termed the Healthy Worker Effect is a factor to be considered in occupational health studies and practice. Death rates or other population-based norms from the general population may be inappropriate for comparison if this effect is not taken into account. Case matching or control studies may be needed to accommodate for this phenomenon. Other population groups such as immigrants or refugees go through similar selection, where only the healthy may be included or survive.

The Burden of Occupational Morbidity and Mortality  


In the United States, the workforce is made up of 110 million persons. Premature disease, injury and death related to occupational exposures are a major burden on the economy and the health system. Over the period 1980-1994, a total of 88,622 workers died in the United States from work-related injuries and an additional 60,000 died from occupational diseases. In 1992, the costs of such injuries were an estimated $145 billion
.


Deaths due to work injuries declined from 7,400 in 1980 (8.9/100,000 workers) to 6,250 in 1985 (7.0/100,000) and 5,714 in 1989 (5.6/100,000) and 5406 (or 4.4/100,000) in 1994. Deaths from work-related disease are estimated at 100,000 annually. The largest numbers of deaths occur in the following industries: construction (18.2%), transportation/communications/public utilities (17.7%) an manufacturing (14.0%). The decrease in occupation related deaths over the period 1980-1994 are related to increased awareness and regulation of worksite dangers and toxins, as well as new technology and mechanization, changes in the economy and workforce distribution. 


Even though occupational deaths have been declining, permanent impairment suffered on the job grew during the 1980s. During 1987, permanent impairments were suffered by 70,000 workers, and the number of totally disabled increased to 1.8 million. Further, there is an increasing rate of lost workdays. The decline in mortality and increase in work injury may be due to improving care of the injured or to a real increase in the number of injuries.



Table 9.10: Occupational Injuries with Lost Workdays per 100 Full Time 

Employees by Industry, United States, Selected Years, 1980-1996 

	PRIVATE 
Industry
	1980
	1985
	1990
	1993
	1996

	Total, private sector
	3.9
	3.6
	3.9
	3.5
	3.1

	Agriculture, fishing, forestry
	5.6
	5.6
	5.7
	4.8
	3.8

	Mining
	6.4
	4.7
	4.9
	3.8
	3.2

	Construction
	6.5
	6.8
	6.6
	5.4
	4.4

	Manufacturing
	5.2
	4.4
	5.3
	4.6
	4.3

	Transport, communication, public utilities
	5.4
	4.9
	5.4
	5.2
	5.0

	Wholesale trade
	3.8
	3.5
	3.6
	3.6
	3.3

	Retail trade
	2.9
	3.1
	3.4
	3.2
	2.7

	Finance, insurance, real estate
	0.8
	0.9
	1.1
	1.0
	0.8

	Services
	2.3
	2.5
	2.7
	2.7
	2.5



Source: Health United States 1998.


In 1996 in the United States there were 3.1 non-fatal injuries with lost work days per 100 employees in the private sector, a decline from 3.9 in 1990. Substantial improvements are seen in the more dangerous occupations such as agriculture, fishing and forestry, mining, construction, manufacturing during the 1990s, as seen in table 9.10 in the United States from 1980-1996.



The ten most frequent work-related diseases and injuries are:

1.  Lung disease;

2.  Musculoskeletal injuries;

3.  Cancers;

4.  Severe trauma;

5.  Cardiovascular disorders;


6.  Disorders of reproduction;

7.  Neurotoxic disorders;

8.  Noise-related hearing loss;

9.  Dermatologic conditions;

10. Psychological strain and boredom.


Injury surveillance in the Unite States is maintained by CDCs National Institute of Occupational Safety and Health
 

International Issues in Occupational Health


Occupational health has become an international issue as the modern world economy transfers manufacturing from one country to another with great speed and ease. This is often motivated by lower wages, but also by lower occupational and environmental regulatory controls, and less stringent or non existent legal protection against toxic exposures and child labor. Transfer of occupational hazards from industrialized to non-industrial countries has become an issue in international cooperation and trade agreements. Developed countries have stricter environmental regulations and worker organization than developing countries which may be anxious for job-producing industry at any price.


Technology transfer from industrial to developing countries, or to poorer areas within a country can create occupational hazards, including child labor in developing and developed countries, pesticide overuse, toxicity and food contamination and ecological damage from toxic wastes spills and waste disposal. Toxic waste transfer from industrial to developing countries, high technology industrial toxic wastes, with nuclear energy, accidents and wastes. Occupational and environmental health share common interests especially in technology and professional aspects. Worker alienation, psychological stress, boredom, shiftwork an low levels of pay characterize international movement of industry. Management and governmental negligence and lack of accountability exacerbate the problems.

National and Management Responsibilities


In the United States, workers' health benefits cost more than the steel to make a car. As a result, there is a growing interest on the part of management and of workers in promoting workers' health through improved nutritional monitoring of canteens and cafeterias, anti-smoking activities and physical fitness programs. The management interest in a healthier work force to restrict rising health care costs is part of the modern corporate culture. The primary responsibility, however, legally and morally, lies with management, in addition to protecting the worker by monitoring risks, providing a safe environment and provision of care at the time of injury.


Occupational injuries and illnesses are social as well as an engineering and management concerns. compensation, litigation, class action suits and union action are all associated with increasing awareness of toxic and trauma effects on workers, and court decisions regarding management liability. The field is made more complex because some occupational illness may occur long after the exposure: silicosis, asbestos related mesothelioma and asbestosis may develop after a long latency periods of up to 20-30 years following exposure. Follow-up of exposed workers may be difficult and issues such as compensation may also be complicated. Occupational health involves a governmental regulatory function and legislated responsibility to protect workers from toxic or physical risks at the work site. 


Standards and Monitoring 

Monitoring of occupational health involves a set of activities designed to increase the safety and protection of the workers. It involves a number of parallel services to promote the health of the individual worker and the safety of the work environment and should be coordinated in an overall strategy. 

PRIVATE 

BOX 9.10: PRINCIPAL TASKS OF OCCUPATIONAL HEALTH

1.  Anticipation: of potential disease and injury includes preparation for prevention as facilities are planned or 
renovated;

2.  Monitoring: surveillance to assure timely and accurate identification, reporting and recording of 
occupational disease and injury; 

3.  Medical surveillance: passive or active and industrial hygiene and safety; 

4.  Analysis: of collected data; linking exposure to outcome data helps to locate trends, clusters, 
associations, causes of disease and injury for more in-depth investigation and prevention; 

5.  Exposure reduction: to minimize toxic exposure, prevent approaching or exceeding established limits;

6.  Substitution: of less toxic substances;

7.  Awareness: at government, management, community, worker and consumer levels;

8.  Regulation: on-site supervision by regulatory agencies;

9.  Compensation: for illness and loss of life related to work accidents, toxicity and stress;

10. Management-worker cooperation: worker participation in health and safety is of mutual benefit.
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In the United States prior to 1970, prevention of occupational injuries, death and disease was governed by state and local government or market forces. Federal initiatives to raise standards of occupational health and safety were mandated in the Occupational Safety and Health Act of 1970,  establishing two government agencies to implement the Act, the Occupational Safety and Health Administration (OSHA) and the CDCs National Institute of Occupational Safety and Health (NIOSH). OSHA is responsible for promulgation and enforcement purposes, within the US federal Department of Labor. OSHA sets standards based on consensus derived from professional organizations in consultation with labor, industry and health authorities, meant to promote safety and reduce risk for employees and set performance standards for employers. NIOSH was established to conduct research related to the objects of the Act for occupational disease, particularly those derived from exposure to toxic physical and chemical agents. 

Table 9.11: Management and Governmental Responsibilities in Worker's Health
	PRIVATE 
Management Responsibility
	Governmental Responsibility

	Substitute less dangerous materials
	Legislation - substitute, ban, define legal responsibility (civil and criminal) compensation

	Enclose/separate
	Regulation to set and enforce standards for toxic emissions an controls

	Process exhaust
	Litigation - civil suits vs. compensation

	General ventilation
	Test environmental and workers with notification of test results 

	Good housekeeping
	Label hazardous materials, labelling, disposal

	Monitor health of workers
	Monitor health of workers

	Personal protection
	Educate managers and workers

	Investigate
	Research - scientific and operational

	GMP (good manufacturing practices)
	Compensate for income loss and health damage



The Act provides an environment for regulation and study of occupational health issues including public petitions, court decisions and new research findings used to formulate priorities for standards development. Monitoring is done by a combination of federal, state and local health authorities with participation of professional and industrial organizations. The legal responsibility for worker safety and health is placed with on the employer, but worker awareness and participation in safety programs is vital to a successful approach.



Occupational Health Targets

The United States Surgeon General's Healthy People 20000 formulated a number of targets for occupational health and safety issues. These are national targets which are also being adopted by state departments of health and have organizational, as well as legal implications.

Table 9.12: United States Health Targets in Occupational Health for the Year 2000
	PRIVATE 
Subject
	Previous 
	Target

	Reducing death from work-related injuries
	6/100,000 full-time workers (1983-1987)
	<4/100,000 

	Reduce work-related injuries resulting in medical treatment, lost time from work or restricted work activity 
	<7.7/100 full-time workers in 1987
	<6/100 

	Reduce hepatitis B infection by increasing immunization levels to >90% among occupationally exposed workers
	6,200 cases in 1987
	<1,250 cases 

	Increase worksites with 50 or more employees that mandate use of occupant protection systems (such as seat belts), during work-related motor vehicle travel
	
	>75%

	Reduce proportion of workers exposed to average daily noise levels that exceed 85 decibels
	
	<15%

	Eliminate exposures which result in workers having blood lead concentrations greater than 25 ug/dL of whole blood
	
	

	Implement statewide occupational safety and health plans for the identification, management and prevention of work-related diseases and injuries
	10 states in 1989
	50 states

	Establish exposure standards adequate to prevent the major occupational lung diseases to which their worker populations are exposed, including byssinosis, asbestosis, coal workers' pneumoconiosis and silicosis 
	
	50 states

	Increase the proportion of worksites with 50 or more employees that have implemented programs on worker health and safety
	
	>70%

	Increase the proportion of worksites with 50 or more employees that offer back injury prevention and rehabilitation programs 
	28.6% in 1985
	>50%

	Establish either public health or labor department programs that provide consultation and assistance to small businesses to implement safety and health programs for their employees;
	
	50 states

	Increase the proportion of primary care providers who routinely elicit occupational health exposures as a part of patient history and provide relevant counseling.
	
	>75%


 Source: US Surgeon General, Healthy People 2000: National Health Promotion and disease

 Objectives, 1992.

Toxicity at the Workplace and in the Environment


Toxic substances are widely used in industry, not only in manufacturing but also in services such as laboratories, and constitute a major concern of both occupational and environmental health. Extensive information is published on toxic substances by the World Health Organization, and the Centers for Disease Control
.


Much of the concern of occupational health has been on detection, prevention and reduction of exposure to toxic materials at a workplace, but more recently also with contamination of the surrounding environment. The range of toxins used in occupational settings, their sources, uses, effects actions and target organs are extensive. Factors that affect the toxicity of an agent in addition to the extent and duration of exposure, include host factors such as age, gender, fitness, previous exposure and compounding risk factors, such as smoking. Environmental factors include temperature and air flow as well as the physical and chemical properties of the toxic agent. 

PRIVATE 
BOX 9.11  BASIC CONCEPTS OF TOXICOLOGY

Bioavailability: the ability of a substance that enters the body to be liberated from its environmental matrix 
(water, tissue, soil) and to enter the circulation of the host.

Dose-Response Relationship: the relationship between the quantity of a toxicant received by the host and the 
probability of an effective concentration at the vulnerable site.
Intermediary metabolism: the metabolic changes that a chemical undergoes once it reaches the cell of the body, 
usually in the liver.  The substance may be detoxified to benign compounds, or may be converted to 
biologically harmful metabolites.

Mechanism of action: the way the toxic substance acts on a cellular or subcellular level to disrupt the living 
organism.  Some toxic agents are metabolic poisons, others act on cell membranes, interfere with 
chemical reaction or bind to nucleic acids.

Susceptibility: the ability of a living thing to be harmed by an agent, which may be influenced by age, sex, 
genetic disposition, nutrition, prior exposure, immune state or general health, stress, location at work, 
airflow, temperature and humidity.

Threshold: the lowest dose of a chemical that has a detectable effect.

Toxic effect: damage to an organism as measured in terms of loss, reduction or change of function, clinical 
symptoms or signs. Effects may be adverse in one person and not in others.
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Toxicology is an important part of occupational health; further reference will require a specialized text. Several case studies of public health importance are presented to show complex nature of discovery and dealing with occupational and environmental exposure to toxic substances.

PRIVATE 

BOX 9.12: ALICE HAMILTON AND TETRAETHYL LEAD
Alice Hamilton was an advocacy researcher in the 1910s and 1920s, who with others, demonstrated workplace hazards to toxic substances such as white phosphorus used in match production, lead additives to gasoline and radium in watch dials. Tetra-ethyl lead (TEL), produced an promoted by Dupont, despite being identified as hazardous. Hamilton and others strenuously opposed its use, but TEL use expanded, and her research on behalf of state and federal government commissions. Environmental lead toxicity increased until the 1970s when further research revealed the extent of the problem and its pubic health effects especially on children. Her work set standards for toxicology research in occupational an environmental health that ed to the regulatory successes of the 1970s in the US.   
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Lead:  Lead is a mineral with thousands of applications because of its plasticity and its softness. Lead enters the body through inhalation and ingestion. Lead poisoning has been a worker hazard since ancient times. It affects the gastrointestinal, nervous, hematologic and circulatory systems. It is associated with intestinal colic, encephalopathy, delirium and even coma in its acute forms. Chronic forms of plumbism or lead poisoning can be seen as mental dullness, headache, memory loss, neurological defects (wrist drop), anemia and a blue line on the gums. 


Lead toxicity has been a traditional health problem of glaziers and potters because of lead use in the manufacturing process. Wines or rum produced and stored in lead containers or in pewter (lead-tin alloy) utensils, were known to be associated with the "dry gripes" in the 17th and 18th centuries. The Devonshire Colic, described in 1776 by George Baker, was widespread for more than 100 years in parts of England were cider was made and stored in lead containers. 



In the United States in the 1920s, tetra-ethyl lead was used in fuel was promoted to improve automobiles performance. This caused a long struggle between public health and regulatory agencies and industry. Industry won, and leaded gasoline was used well into the 1960s and is still available in many parts of the world. Alice Hamilton during the 1920s investigated the widespread use of lead in industry and successfully lobbied for legislative changes to increase surveillance and improve safety by reduced exposure. Community exposure to lead was identified as a public health problem in the 1960s when trace quantities were found in food, beverages, soil and air. Lead used in fuels for cars and in lead-based paints manufactured from the 1920s to the 1960s was an important source of community exposure. 



Children are exposed to lead from the environment, mainly from automobile emissions, as well as sources in the home from lead contaminated paint. Clinical effects appeared particularly in children and at lower blood concentration levels than previously thought to be significant. "Acceptable" levels were lowered and lead abatement programs introduced. These programs were especially needed in urban slum areas where children were exposed to lead based paints in older homes and heavy urban traffic and found to have high blood lead levels (BLLs) with risk of brain damage as a result. In 1992, the American Academy of Pediatrics adopted even lower levels as danger signs of lead toxicity sufficient to cause brain damage in children.


Safe levels of lead are a subject of controversy. There may be no harm-free body level of lead and current recommendations include routine testing of infants and young children as well as exposed workers. Concern for lead toxicity evolved from a strictly occupation-related toxicity to an environmental one in which both the exposed worker and the general population are adversely affected by this widely used metal. In 1997, CDC adopted a BLL standard of <10 micrograms per deciliter (mcg/dL), a level at which a negative effect on cognitive development is recorded.. 

Despite major improvements (see box), some 1.7 million children aged 1-5 in the U.S. still have BLLs at >10 ug%. Further reduction in BLLs will require further reduction in lead hazards in housing, reduced contact with lead contaminated dust, house paint lead and work-site exposure. Work-related and environmental lead exposure continue to be public health problems in the United States, requiring continued diligence on the part of pediatricians and internists as well as occupational and public health workers. 

PRIVATE 

BOX 9.13:  LEAD ABATEMENT IN THE UNITED STATES, 1977-1994

Studies in the United States based on the NHANES II (Second National Health and Nutrition Examination Survey) showed that blood lead levels declined by 78% from 1976-80 to 1988-1991. Among children 1-2 years of age, blood lead levels (BLL) declined by just over 88%. This reduction was due to a number of factors, including: 

1.  Reduction by 99.8% of lead use in gasoline from 1976 to 1990; 

2.  Reduced use of food and soft drink cans containing lead solder, from 47% in 1980 to 0.9% in 1990; 

3.  Reduced use of lead based house paint; 

4.  Promulgation of national standards for lead exposure in industry;

5.  A ban on the use of lead soldering on household plumbing;

6.  Screening of children, and intervention where elevated BLLs found;

7.  Lead abatement by county health departments through removal of lead based paint in older housing;

8.  Increased provider and parental awareness of lead induced permanent brain damage hazard;

9.  Strong positions of the Centers for Disease Control, American Academy of Pediatrics, state and county 
health departments and child advocacy organizations.

Source: MMWR, July 1997.
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An interesting example of lead toxicity as an outbreak occurred in 1983/84 in the West Bank when several cases of severe lead toxicity were detected at a Jerusalem hospital. Extensive investigation found flour to be contaminated with lead. A complex epidemiological investigation led to local flour mills using lead to repair iron fittings, which resulted in leaching of lead into flour. Several hundred cases of clinical and sub-clinical lead poisonings resulted. The problem cleared up with the replacement of lead parts in the grinding wheels of the mills.


The Upper Silesia region of Poland with its capital Katowice and a population of 4 million is the site of many non-ferrous metal plants, especially using lead and zinc. In the Katowice district there are 4 such plants, two of which are more than a century old with high output of atmospheric lead, and two built in the 1960s with inadequate pollution control equipment. Although emissions of lead and cadmium from one plant reportedly fell during the late 1980s, high levels of blood lead and cadmium are found in children, and soil contamination is extensive, including high levels of contamination of vegetables. This problem is widespread in eastern Europe. 


Lead toxicity and excess exposure in the workplace remains a problem in the United States. lead induced hypertension, neuropathy, carcinogenesis, reproductive damage for men an abortion for women are the major toxic effects. The 1995 blood lead surveillance by the CDCs NIOSH Adult Blood Lead Epidemiology and Surveillance Program, which monitors elevated blood levels among adults, reported continuing hazard of work related exposures as an occupational hazard in the US. Studies of lead exposure in industrial settings in the United States have shown widespread exposure above permissible exposure limits. This includes the traditional high exposure industries such as primary and secondary lead smelting, battery and pigment manufacturers, brass/bronze foundries, and 47 other industries. High exposure job titles throughout industry were painters. This continues to be an important source of lead toxicity. OSHA standards promulgated in 1978 came at a time when lead price dropped market reducing the number of producers and the degree of compliance overall.  


Reduction in lead exposures has been achieved in the United States by a combination of legislation and professional and social pressures, resulting in the adoption of lead free gasoline, removal of lead from paints and its substitution in many industrial practices. Awareness and active lobbying by public health minded groups has had a beneficial effect in reducing lead toxicity in the community and work-place. The American Public Health Association continues it's concern that 4.4% of US children age 1-5 have blood lead levels above 10 mcg/dl, and promotes a wide ranging program of further abatement of lead paint hazards including litigation against manufacturers

as well as community-based prevention and health education programs.


Asbestos: Asbestos-related disease is an occupational and public health problem which grew from the rapid increase in the use of asbestos during World War II. It left a legacy of death and disease that only became apparent many years later. Fibrotic lung disease resulting from asbestos exposure was called asbestosis by WE Cooke in 1927. A subsequent British government investigation of the subject reported to Parliament that inhalation of asbestos dust over a period of years results in the development of a serious type of fibrosis of the lung and recommended dust suppression measures. This was followed by many case reports and the wide recognition of the health hazards associated with asbestos exposure. During World War II, the United States Navy issued minimum requirements for safety in shipyards contracting for naval work, involving some 1 million workers. 


First reports of an association between asbestos and lung cancer began to appear in the 1930s. Richard Doll's 1955 classic epidemiologic work established this relationship. Studies by Irving Selikoff in 1965 in New York reported high rates of lung cancer in several large population groups of ex-shipyard workers. Selikoff and colleagues also showed a synergistic relationship between asbestos exposure and cigarette smoking: a greater risk of lung cancer with heavier smoking and a reduction in risk following cessation of smoking.

Table 9.10: Lung Cancer Death Rates (Age Standardized) for Workers Exposed to Asbestos Dust and Cigarette Smoking with Controls

	PRIVATE 
Group
	Asbestos

Exposure
	Cigarette smoking
	Death Rate
	Mortality Difference
	Mortality Ratio

	Control
	No
	No
	11.3
	0
	1.0

	Asbestos workers
	Yes
	No
	58.4
	+47
	5.2

	Control
	No
	Yes
	122.6
	+111
	10.9

	Asbestos workers
	Yes
	Yes
	601.6
	+590
	53.2


 Note: Rates per 100,000 man-years, age standardized, on 12,051 asbestos exposed workers followed prospectively between 1967-1976. Controls included 73,763 similar men in a prospective study of the American Cancer Society for the same decade. Number of lung cancer deaths are based on death certificate information.

Source: From Hammond EC, Selikoff IJ, Seidman H. Annals of the New York Academy of Science,


 1979;330:473-490. 


The United States Toxic Substances Control Act of 1976 placed the responsibility for harmful chemicals, including asbestos, on those who would profit from their sale. The long time lag between the first reports of asbestos-related disease followed by definitive studies and implementation of control measures raised questions as to the way in which occupational health functions. As a result of these studies and the regulatory responses by federal legislators, there was a four-fold reduction in asbestos usage in the United States from 1972 to 1982. In 1986, the US Asbestos Hazard Emergency Response Act reinforced federal regulation of asbestos usage. 


Asbestos exposure is accepted as the cause of mesothelioma, a highly malignant cancer of the chest or abdominal lining. The latency period may be as long as 20-30 years, and the risk of the disease is related to the extent of exposure. The exposure may occur in asbestos-cement production, shipyard workers, garage workers exposed to brake linings and plumbers, construction workers using asbestos based products. During the 1980s concern was expressed that asbestos was being exported to developing countries lacking the regulatory mechanisms of the developing world. In the 1990s there is still some concern that asbestos products manufactured in developing countries are being imported to developed countries.


Silica: Silicosis is one of the oldest known occupational diseases, affecting miners in particular. It was described in ancient Greece and Rome as the "fatal dust". Silica occurs in minerals and rocks throughout the world either as free silica, or combined in quartz, flint or sandstone. Mining, tunnelling, stone cutting, quarrying, iron and steel works, sandblasting, brick making, polishing of stone, glass, metals and many other industries cause the exposure of workers to inhalation of silica dust. 

PRIVATE 

BOX 9.14:  RAMAZZINI ON SILICOSIS, 1700

"We must not underestimate the maladies that attack stonecutters, sculptors, quarrymen and other such workers. When they hew and cut marble underground or chisel it to make statues and other objects, they often breathe in the rough, sharp, jagged splinters that glance off, hence they are usually troubled with cough, and some contract asthmatic affections and become consumptive."
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Silicosis is a condition of massive fibrosis of the lungs resulting from prolonged inhalation of silica dust. It is classified as a pneumoconiosis, a general inflammatory fibrotic lung condition caused by inhalation of dust particles. This condition can progress through mild symptoms to shortness of breath, with radiologic evidence of pulmonary consolidation and concomitant tuberculosis. Silica has not been proven to be a carcinogen.


Studies of hard coal miners in the 19th century documented the effects of silicosis. By 1918, English workers could receive disability compensation for silicosis and tuberculosis. In the 1920s and 1930s in the US, studies showed silicosis in cement production workers, anthracite miners, tunnel workers, lead-zinc miners and other hard rock miners. At present there is still a controversy as to legally enforceable standards and the problem remains difficult to prevent. 


Cotton Dust: Cotton dust has been a common cause of chronic obstructive lung disease among long term workers in textile industries. OSHA promulgated new standards in 1978. This was based on assessment of the potential of improve ventilation,  and filtration, an improved machinery use. The industry at that time was in a process of replacement of old equipment with modern an more automated processes, which gave improve production speed, more effective use of floor space, reduced labor input an higher quality product, along with over dst levels. The technical and economic feasibility of the higher standard were correct and compliance by industry exceeded early expectations at about one third of anticipated costs. 


Vinyl Chloride: Vinyl chloride is an important component of the chemical industry which increasingly threatens the population of developed countries, causing cancer and other chronic    illnesses. Vinyl chlorides are dangerous primarily when inhaled or ingested. Vinyl chloride usage increased since the 1930s and more dramatically after the end of World War II until the 1970s. In the 1960s, polyvinyl chloride (PVC) was shown to be associated with Raynaud's phenomenon and later with malignancies, including hemangiosarcoma of the liver. 


The carcinogenicity of PVC was established as a result of the review of all evidence in 1974. Scientists concluded that there was no safe level of exposure to vinyl chlorides. OSHA adopted 1 part per million as the maximum possible dose. While the risk assessment issues are still controversial, reduction of exposure to workplace carcinogens such as vinyl chloride is the accepted standard of modern occupational health.


The US Office of Technology Assessment and OSHA promulgate new standards for Vinyl chloride in 1974 with permissible exposure levels (PELs) reduced from 500 to 1 ppm. Despite vigorous opposition by the industry to this reduction in PEL, full compliance was achieved within 18 months y improved ventilation, reducing leaks, modified reactor designs an chemical pathways and greater automation of the process. Even more effective was a major improvement in the production of PVC using less vinyl chloride. The costs to industry of reducing exposure eves were less than 25% of anticipated costs because of unanticipated innovations in the production process.


Agent Orange: Agent Orange is a herbicide that was used widely by the United States armed forces in the Vietnam War to defoliate large areas of the country. This agent includes dioxin and is carcinogenic. High levels of dioxin have been found in breast milk, adipose tissue and blood of the Vietnamese population. Even though sampling has not been systematic, studies carried out between 1984-1992 show that high levels of dioxin-like contaminants (TCDD) are seen in blood samples of the Vietnamese population exposed to Agent Orange during the wartime exposure. 



Studies of effects among American veterans of the war have not produced convincing evidence of long-term effects. Additional studies will be needed to verify effects such as increased cases of cancer or birth defects. However, court and compensation decisions have been made in favor of veterans exposed to Agent Orange despite inconclusive epidemiologic evidence of its ill effect on health.

Workplace Violence


Violence is endemic in many societies and affects many organizations and institutions. Violence has become a leading cause of fatal injuries in the workplace. Violence in the health setting has an extensive history, with the first documented case in 1849 when a patient fatally assaulted a psychiatrist in a mental health care facility. Since then there have been many other studies reporting assaults, hostage taking, rapes, robbery and other violent acts in the health care and community settings. During the 1990s, homicide became the leading occupational cause of death for females and the second leading cause, after motor vehicle crashes, for men in the United States.



Murder of convenience store employees in the US has become a major occupational problem. NIOSH issued new guidelines for addressing this problem in April 1998. Response from the association of operators has opposed standards such installation of bullet proof glass and television monitors and night time double staffing which have been demonstrated to reduce violence and death in armed robberies. Shocking incidents of violence and homicide have occurred in which bombs and handgun assassination of health workers in clinics doing abortions. 


Homicide at work has only recently been addressed as an occupational hazard and research in this area is in its infancy. No universal standards exist to protect workers from work-related violence and no policy has been created to protect workers. Preventing violence in the workplace is essential and must be addressed at the national level. Currently the California Occupational Safety and Health Authority has promulgated guidelines with emphasis on preventing violence before it occurs, by developing an effective policy to ensure workplace safety. Management and workers organization as well as the health system share responsibility. Prevention of drug, alcohol and sexual abuse at work are vital to prevention in this problem. 

Occupational Health in Clinical Practice



The clinical physician should be aware of the patient's occupation and previous work history. The inclusion of questions related to past employment may be crucial in diagnosis of patients without which it might be impossible to find the cause of the disease. The health care provider should be aware of industries in the community and their potential hazards. The clinician is particularly important because he or she may be the first to see index cases of toxicity indicating a wider public health problem.

 Table 9.14: Key Questions in Clinical Occupational Health Practice
	PRIVATE 
What 
	What is your job/hobby?

What do you do at work and what are you exposed to at your work, home or community?

	Where
	Where do you work/live?

	When 
	When or where do your problems become worse/better?

How long were you exposed?

	Who else
	Are others in the same place complaining of similar problems


 
Source: Richter ED - personal communication, 1997.

Inspecting the Place of Work


The public health authority responsible for health at the place of work may be under the authority of a Ministry of Labor or under a public health authority. Site inspection provides a guide to management and workers for safety and health issues. Non compliance with federal, state or local standards should lead to regulatory action to correct deficiencies and include, if necessary, punitive damages to management. Examination of the worksite involves on-site observations as listed in the table 9.15. The inspection should be documented an available to management and workers.

 Table 9.15: Factors for Walk-Through Inspection of Worksites

	PRIVATE 
Marker
	Observations of Conditions, Safety Arrangements and Effects on Workers

	Sensory effects
	Eye irritation, poor lighting, noise levels, metallic taste in air, visible fumes, exhaust, temperature (heat/cold)

	Safety devices
	Use of hard helmets, welding masks, safety shoes and clothing, ear protectors, eye and face protectors, first aid facilities, respirators, monitoring procedures

	Storage
	Hazardous chemical substances closets; unlabelled bottles, containers

	Toilets
	Cleanliness, fixtures, soap, toilet paper, waste disposal bins

	Worker hygiene
	Changing place, showers, lockers, clothing change

	Eating place
	Separate tables, cleanliness, washup facilities

	Workers' ages
	Children, teenagers, elderly

	Workers' complaints
	Headache, fatigue, dizziness, nausea, breathlessness, skin problems

	Worker morale
	Worker morale is reflected in turnover and absenteeism

	Worksite layout
	Safety in movement of supplies, products, ventilation

	Hazard control
	Labelling, process recording, worker records, periodic screening

	Cleanliness
	Removal of waste products, oil or chemicals on floors, machines, tables

	Worker-management

cooperation
	Mechanisms for worker and management to consult and share responsibility to reduce hazards and improve performance


 
Source: Richter ED - personal communication, 1996.

Risk Assessment

Identifying and quantifying occupational and environmental risks is difficult, but clinical or public health observations, supplemented by epidemiologic analysis, can identify toxic or carcinogenic factors which can be reduced or eliminated by public health intervention. High levels of awareness by clinicians of potential health effects from environmental or occupational exposures can help identify index cases just as in infectious disease, leading to an investigation and removal of the cause. Similarly, epidemiologic small area analysis can identify populations at high risk for cancers or other toxic effects, giving a localization for further investigation. 



Establishment of dose-response relationships requires well-conducted observational studies. Some may be so insensitive as to dismiss risks which are at low levels of statistical significance, but still represent preventable risks that can be sufficient to warrant compensation. This occurred in the case of veterans in the United States who were exposed to Agent Orange in Vietnam in the 1960s and those suffering effects attributed to toxic exposures in the Gulf War in 1991. 


Regulatory and compensation decisions must often be made in the face of inconclusive or contradictory evidence from epidemiologic studies. In the 1960s, the FDA used the "Delaney Clause" applied to food additives or coloring in which any degree of ill effect noted in animal studies was enough to disqualify a drug from acceptability, but this has not become an accepted legal standard. The topic remains one of controversy and contradiction, with cases providing precedent that affect future court and regulatory decisions. Epidemiology's contribution to resolving such issues also remains controversial.

Preventing Disasters in the Workplace


A disaster in a workplace can affect the workers and the surrounding community. The major responsibility for prevention is with management, but the worker and society also have roles in the process. It involves education of workers and management, constant vigilance. Government has the overall responsibility to legislate and enforce standards, safe conditions of work, control of toxic materials and ensure fair compensation for injury or disease. The simple qualitative observations listed in table 9.16 can provide a useful picture of the disaster management capacity of a worksite. These observations can be made by management, health professionals and workers representatives to monitor and promote improved workers health and safety.


Table 9.16: Markers and Indicators of Disaster Management Capability in an 
Industrial Setting

	PRIVATE 
Markers
	Indicators

	Administrative
	Occupational health disaster plan; access to first-aid; frequent disaster drills

Close supervision of sub-contractors

	Investigation
	Thorough investigation of complaints, leaks and spills

	Monitoring workers
	Monitor worker injuries, illnesses, toxic levels; use of safety measures 

	Technological
	Fail-safe monitoring devices; real time monitoring; minimal on-site storage

Automatic alarm/shut-down devices; local incineration/neutralization

	Transportation
	Vehicle and container standards; driver training, fatigue, alcohol and drug abuse, traffic offenses

	Information
	Workers information; right-to-know of workers and community; community disaster plan


 Source: Richter ED, Deutsch PV, Adler J. Recognition and use of sentinel markers in preventing industrial disasters.         Prehospital and Disaster Medicine, 1992;7:389-395.


The principle of "Good Worksite Practice" is a parallel to Good Manufacturing Practices required by Food and Drug Authorities. It is based on the concept that current standards of acceptable safety involve standards of facilities, staffing and operational criteria. The healthful and safe worksite should be maintained and accredited on that basis.

Occupation and the New Public Health 

Social class, often defined by occupation and education, is a determinant of health status. A population of unskilled workers has much higher rates of coronary health disease, strokes, cancer and their children have much higher rates of mortality and morbidity than higher skilled workers, or business and professional people. The evidence points to less control over their own lives as a major consideration. The worker who has little say in determining his or her own activities may be subject to higher stress on the job, such as on the production line, or about the job, such as job security, advancement and wages. Loss of work is a key factor in increasing the vulnerability of men especially to a variety of life threatening conditions, including suicide, alcoholism, violence, cardiovascular disease and others. The phenomenon of down-sizing, or reducing the work force, affects production workers disproportionately, but also reaches middle and upper management levels, so that the danger of losing a position at an age when finding new employment is unlikely may become a real health hazard. Awareness and responsiveness to a variety of risks associated with employment and occupation is part of the New Public Health responsibility. Prevention may predominate in some situations, screening for case finding in others and clinical management in others.

Summary


Environmental and occupational health are major elements of modern public health. They are increasingly prominent as the public has become more concerned with the ecology of the world , especially since the 1960s. The problems of this field have become more complex in the past several decades with numerous global ecological concerns emerging. These include: global warming, hazards associated with nuclear accidents on the scale of Chernobyl and chemical disasters occurring frequently in all parts of the world. Other massive environmental issues such as desertification, destruction of the rain forests and massive air pollution are health concerns, but also societal issues in general. Concern for the environment and the worker often clash with desire for economic growth, especially in the poorer countries as they try to cope with rapidly increasing populations and increasing expectations for a better life.


The health sector alone is incapable of dealing with the problems of the environment and of occupational health. It requires many levels and agencies of government as well as the support of public opinion. The role of the public health community is to act in the professional and advocacy roles with inter-sectoral cooperation to address these complex and vital issues. Epidemiology provides tools  to measure mortality, morbidity or physiologic change that may occur as a result of environmental damage, but these may not be sufficiently rapid or sensitive. Both epidemiology and testing technology are improving steadily, providing hope for standards that one would expect to contribute to a cleaner, safer and more aesthetic environment.


The New Public Health includes longstanding public health issues of the environment and occupational health, but widens the field to include clinical services, the community and the individual. All need to be involved in healthy public policy, in case finding and in attending to the results of workplace and environmental risks. As a society there are choices to be made in creating a less toxic and hazardous environment. Choices, for example, between private and public transport, between jobs in industries with toxic emissions, or between producing energy from fossil fuels or nuclear sources. The search for substitutes for toxic materials and raising the level of social consciousness will prevent and reduce the gross pollution that was the price of industrialization over the past century. Equally challenging is the need to prepare and deal with natural and man-made disasters that may involve conventional explosives or biological, chemical and even nuclear methods of destruction. The price of unrestrained pollution, and man-made destruction is too great to bear. Investment in a healthy environment is a health and quality of life issue in each community and for the entire planet.
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