Chapter 19: Risk, Toxicology, and Human Health


Case Study


The Big Killer


What is roughly the diameter of a 30-caliber bullet, can be bought almost anywhere, is highly addictive, and kills about 13,700 people every day, or one every 6 seconds? It is a cigarette. Cigarette smoking is the world’s most preventable major cause of suffering and premature death among adults.


According to the World Health Organization (WHO), tobacco helped kill about 80 million people between 1950 and 2004. This is 2.6 times more than the 30 million people killed in battle in all wars during the 20th century!


The WHO estimates that each year tobacco contributes to the premature deaths of at least 5 million people (about half from developed countries and half from developing countries) from 34 illnesses including heart disease, lung cancer, other cancers, bronchitis, emphysema, and stroke. By 2030 the annual death toll from smoking-related diseases is projected to reach 10 million (Figure 1-15, p. 17)—an average of about 27,400 preventable deaths per day or 1 death every 3 seconds. About 70% of these deaths are expected to occur in developing countries.


According to a 2002 study by the Centers for Disease Control and Prevention, smoking kills about 442,000 Americans per year prematurely, an average of 1,211 deaths per day (Figure 19-1). This death toll is roughly equivalent to three fully loaded 400-passenger jumbo jets crashing every day with no survivors!
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Figure 19-1 Annual deaths in the United States from tobacco use and eight other causes in 2003. Smoking is by far the nation’s leading cause of preventable death. (U.S. National Center for Health Statistics and Centers for Disease Control and Prevention and U.S. Surgeon General)


Yet, this ongoing major human tragedy rarely makes the news.


The overwhelming consensus in the scientific community is that the nicotine inhaled in tobacco smoke is highly addictive. Only 1 in 10 people who try to quit smoking succeed, about the same relapse rate as for recovering alcoholics and those addicted to heroin or crack cocaine. A British government study showed that adolescents who smoke more than one cigarette have an 85% chance of becoming smokers.


People can also be exposed to secondhand smoke from others, called passive smoking.


According to a 2002 study by the Centers for Disease Control and Prevention, smoking in the United States costs about $158 billion a year for medical bills, increased insurance costs, disability, lost earnings and productivity because of illness, and property damage from smoking-caused fires. This is an average of about $7 per pack of cigarettes sold in the United States.


Many health experts urge that a $3–5 federal tax be added to the price of a pack of cigarettes in the United States. Such a tax would mean that the users of cigarettes (and other tobacco products), not the rest of society, would pay a much greater share of the health, economic, and social costs associated with their smoking.


Other suggestions for reducing the death toll and health effects of smoking in the United States (and in other countries) include banning all cigarette advertising, prohibiting the sale of cigarettes and other tobacco products to anyone under 21 (with strict penalties for violators), and banning cigarette vending machines.


Analysts also call for classifying and regulating the use of nicotine as an addictive and dangerous drug, eliminating all federal subsidies and tax breaks to tobacco farmers and tobacco companies, and using cigarette tax income to finance an aggressive anti-tobacco advertising and education program.


So far, the U.S. Congress has not enacted such reforms. Critics say this is mostly because tobacco companies donated tens of millions of dollars to candidates running for Congress and the presidency.


The dose makes the poison.


PARACELSUS, 1540


This chapter addresses the following questions:


What types of hazards do people face?


What is toxicology, and how do scientists measure toxicity?


What chemical hazards do people face, and how can they be measured?


What types of disease (biological hazards) threaten people in developing countries and developed countries?


How can risks be estimated, managed, and reduced?


19-1 RISK, PROBABILITY, AND HAZARDS


What Is Risk? The Chances We Take


Risk is a measure of the likelihood that you will suffer harm from a hazard.


Risk is the possibility of suffering harm from a hazard that can cause injury, disease, death, economic loss, or environmental damage. Risk assessment is the scientific process of estimating how much harm a particular hazard can cause to human health. Risk management involves deciding whether or how to reduce a particular risk to a certain level and at what cost.


Risk is usually expressed in terms of probability: a mathematical statement about how likely one is to suffer harm from a hazard. Scientists often state probability in terms such as “The lifetime probability of developing lung cancer from smoking a pack of cigarettes a day is 1 in 250.” This means that 1 of every 250 people who smoke a pack of cigarettes a day will develop lung cancer over a typical lifetime (usually considered 70 years).


It is important to distinguish between possibility and probability. When we say that it is possible that a smoker can get lung cancer we are saying that this event could happen. Probability gives us an estimate of the likelihood of such an event. Figure 19-2 summarizes how risks are assessed and managed.


What Are the Major Types of Hazards?


They Are All Around Us, But How Risky Are They?


We can suffer harm from cultural hazards, chemical hazards, physical hazards, and biological hazards, but determining the risks involved is difficult.


We can suffer harm from four major types of hazards:


Cultural hazards such as unsafe working conditions, smoking, poor diet, drugs, drinking, driving, criminal assault, unsafe sex, and poverty


Physical hazards such as ionizing radiation, fire, tornado (Figure 6-3, p. 103), hurricane (Figure 6-4, p. 104), flood (Figure 15-24, p. 327), volcanic eruption (Figure 16-8, p. 338), and earthquake (Figure 16-6, p. 337)


Chemical hazards from harmful chemicals in the air, water, soil, and food


Biological hazards from pathogens (bacteria, viruses, and parasites), pollen and other allergens, and animals such as bees and poisonous snakes


19-2 TOXICOLOGY: ASSESSING CHEMICAL HAZARDS


What Determines Whether a Chemical Is Harmful? How Much, How Often, and Genes


The harm caused by exposure to a chemical depends on the amount of exposure (dose), frequency of exposure, who is exposed, how well the body’s detoxification systems work, and one’s genetic makeup.


Toxicity measures how harmful a substance is in causing injury, illness, or death to a living organism. This depends on several factors. One is dose, the amount of a substance a person has ingested, inhaled, or absorbed through the skin. Other factors are frequency of exposure, who is exposed (adult or child, for example), and how well the body’s detoxification systems (such as the liver, lungs, and kidneys) work.


410 CHAPTER 19 Risk, Toxicology, and Human Health


Risk Assessment Hazard identification


What is the hazard?


Probability of risk


How likely is the event?


Consequences of risk


What is the likely damage?


Risk Management Comparative risk analysis


How does it compare with other risks?


Risk reduction


How much should it be reduced?


Risk reduction strategy


How will the risk be reduced?


Financial commitment


How much money should be spent?


Figure 19-2 Risk assessment and risk management.


Toxicity also depends on genetic makeup that determines an individual’s sensitivity to a particular toxin (Figure 19-3). This genetic variation in individual responses to exposure to various toxins raises a difficult ethical, political, and economic question. When regulating levels of a toxic substance in the environment, should the allowed level be set to protect the most sensitive individuals (at great cost) or the average person?


What is your view on this issue? Why?


Five major factors can affect the harm caused by a substance. One is its solubility. Water-soluble toxins (which are often inorganic compounds) can move throughout the environment and get into water supplies and the aqueous solutions that surround the cells in our bodies.


Oil- or fat-soluble toxins (which are usually organic compounds) can penetrate the membranes surrounding an organism’s cells because the membranes allow similar oil-soluble chemicals to pass through them.


Thus, oil- or fat-soluble toxins can accumulate in body tissues and cells.


A second factor is a substance’s persistence. Many chemicals, such as the pesticide DDT (banned in many countries but still used in some), are often used because of their persistence or resistance to breakdown.


They do their job for a long time. But this persistence also means they can have long-lasting harmful effects on the health of wildlife and people.


A third factor for some substances is bioaccumulation, in which some molecules are absorbed and stored in specific organs or tissues at higher than normal levels. This means that a chemical found at a fairly low concentration in the environment can build up to a harmful level in certain organs and tissues.


A related factor is biomagnification, in which levels of some potential toxins in the environment are magnified as they pass through food chains and webs.


Organisms at low trophic levels might ingest only small amounts of a toxin, but each animal on the next level up that eats many of those organisms will take in larger amounts of that toxin. As the toxin moves through higher trophic levels, organisms at each level consume increasingly greater amounts of the toxin. Figure 19-4 provides an illustration of this effect. Examples of chemicals that can be biomagnified include long lived, fat-soluble organic compounds such as DDT,
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Figure 19-3 Typical variations in sensitivity to a toxic chemical within a population, mostly because of differences in genetic makeup. Some individuals in a population are very sensitive to small doses of a toxin (left), and others are very insensitive (right). Most people fall between these two extremes (middle).


DDT in fish-eating birds (ospreys) 25 ppm DDT in large fish (needle fish) 2 ppm DDT in small fish (minnows) 0.5 ppm DDT in water 0.000003 ppm, or 3 ppt DDT in zooplankton 0.04 ppm


Figure 19-4 Bioaccumulation and biomagnification.


DDT is a fat-soluble chemical that can accumulate in the fatty tissues of animals. In a food chain or web, the accumulated DDT can be biologically magnified in the bodies of animals at each higher trophic level. This diagram shows that the concentration of DDT in the fatty tissues of organisms was biomagnified about 10 million times in this food chain in an estuary near Long Island Sound in New York. If each phytoplankton organism takes up from the water and retains one unit of DDT, a small fish eating thousands of zooplankton (which feed on the phytoplankton) will store thousands of units of DDT in its fatty tissue.


Then each large fish that eats 10 of the smaller fish will ingest and store tens of thousands of units, and each bird (or human) that eats several large fish will ingest hundreds of thousands of units. Black dots represent DDT, and arrows show small losses of DDT through respiration and excretion.


PCBs (oily chemicals used in electrical transformers), and some radioactive isotopes (such as strontium-90).


A fifth factor is chemical interactions that can decrease or multiply the harmful effects of a toxin.


An antagonistic interaction can reduce harmful effects.


For example, vitamins E and A apparently interact to reduce the body’s response to some cancer-causing chemicals.


A synergistic interaction multiplies harmful effects.


For instance, workers exposed to tiny fibers of asbestos increase their chances of getting lung cancer 20-fold.


But asbestos workers who also smoke have a 400-fold increase in lung cancer rates. In such cases, one plus one can be a lot greater than two.


The effects of exposure to a chemical can be acute or chronic. The type and amount of health damage resulting from exposure to a chemical or other agent are called the response. An acute effect is an immediate or rapid harmful reaction to an exposure—ranging from dizziness to death. A chronic effect is a permanent or long-lasting consequence (kidney or liver damage, for example) from exposure to a single dose or to repeated sub-lethal doses of a harmful substance.


What Are Some Basic Principles of Toxicology?


The Dose Makes the Poison—Or Does It?


Any substance can be harmful if ingested in a large enough quantity, but the critical question is, what is the lowest level of exposure that causes harm?


Abasic concept of toxicology is that any synthetic or natural chemical can be harmful if ingested in a large enough quantity. In other words, every chemical is harmful at some level of exposure. For example, drinking 100 cups of strong coffee one after another would expose most people to a lethal dosage of caffeine. Similarly, downing 100 tablets of aspirin or 1 liter (1.1 quarts) of pure alcohol (ethanol) would kill most people.


The critical question is: how much exposure to a particular toxic chemical causes a harmful response? This is the meaning of the chapter-opening quote by the German scientist Paracelsus about the dose making the poison.


A basic problem is that people vary in terms of the dose of a toxin they can tolerate without significant harm, because of differences in their genetic makeup (Figure 19-3). Because of this variation in how individuals respond to exposure to a toxic chemical, a better way to state Paracelsus’ principle of toxicology is: The dose makes the poison, but differently for different individuals.


Your body has three major mechanisms for reducing the harmful effects of some chemicals. First, it can break down (usually by enzymes found in the liver), dilute, or excrete—for example, in your breath, sweat, and urine—small amounts of most toxins to keep them from reaching harmful levels. However, accumulations of high levels of toxins can overload the ability of your liver and kidneys to degrade and excrete such substances.


Second, your cells have enzymes that can sometimes repair damage to DNA and protein molecules.


Third, cells in some parts of your body (such as your skin and the linings of your gastrointestinal tract, lungs, and blood vessels) can reproduce fast enough to replace damaged cells. However, such high rates of cell reproduction can be altered by exposure to ionizing radiation and certain chemicals so that cell growth accelerates and creates a nonmalignant or malignant (cancerous) tumor.


Should We Be Concerned about Trace Levels of Toxic Chemicals? It Depends on the Chemical.


Trace amounts of chemicals in the environment or your body may or may not be harmful.


Should we be concerned about trace amounts of various chemicals in air, water, food, and our bodies? The honest answer is that we do not know in most cases because of a lack of data and the difficulty of determining the effects of exposures to low levels of chemicals.


Some scientists think that trace levels of most chemicals are not harmful. They point to the dramatic increase in average life expectancy in the United States since 1950. They say we should concentrate limited research funds on much greater health risks such as smoking, obesity, and infectious diseases (especially those that affect people in developing countries).


Other scientists are not so sure and believe that much more research is needed to help us evaluate the possible long-term harm caused by exposure to low levels of thousands of new synthetic chemicals that we have put into the environment during the past few decades.


Chemists are able to detect increasingly small amounts of potentially toxic chemicals in air, water, and food. This is good news, but it can give the false impression that dangers from toxic chemicals are increasing when in some cases all we are doing is uncovering levels of chemicals that have been around for a long time.


Some people also have the mistaken idea that natural chemicals are safe and synthetic chemicals are harmful. In fact, many synthetic chemicals are quite safe if used as intended, and many natural chemicals are deadly.


The average person, for instance, is far more likely to be killed by aflatoxin, a carcinogen produced by molds in peanut butter and corn, than to be killed by lightning or by a shark. However, the chance of dying of cancer from eating several spoonfuls of peanut butter a day is quite small.
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How Can We Estimate the Toxicity of a Chemical? Kill Half of the Animals in a Test Population


Chemicals vary widely in their toxicity to humans and other animals.


A poison or toxin is a chemical that adversely affects the health of a living human or animal by causing injury, illness, or death. One method for determining the relative toxicity of various chemicals is to measure its effects on test animals. A widely used method for estimating the toxicity of a chemical is to determine its lethal dose (LD). This is often done by measuring a chemical’s median lethal dose or LD50: the amount received in one dose that kills 50% of the animals (usually rats and mice) in a test population within a 14-day period (Figure 19-5).


Chemicals vary widely in their toxicity (Table 19-1, p. 414).Some poisons can cause serious harm or death after a single acute exposure at very low dosages. Others cause such harm only at dosages so huge that it is nearly impossible to get enough into the body. Most chemicals fall between these two extremes. In 2004, the U.S. Environmental Protection Agency listed arsenic, lead, mercury, vinyl chloride (used to make polyvinylchloride or PVCplastics), and polychlorinated biphyenyls (PCBs) in order as the five top toxic substances in terms of human and environmental health in the list of 276 substances it regulates under the Comprehensive Environmental Response, Compensation, and Liability Act, commonly known as the Superfund Act.


How Do Scientists Use Case Reports and Epidemiological Studies to Estimate Toxicity?


Reports from the Front Lines and Controlled Experiments


We can estimate toxicity by using case reports about the harmful effects of chemicals on human health and by comparing the health of a group of people exposed to a chemical with that of a similar group not exposed to the chemical.


Scientists use various methods to get information about the harmful effects of chemicals on human health. One is case reports, usually made by physicians. They provide information about people suffering some adverse health effect or death after exposure to a chemical. Such information often involves accidental poisonings, drug overdoses, homicides, or suicide attempts.


Most case reports are not reliable sources for estimating toxicity because the actual dosage and the exposed person’s health status are often not known.


But such reports can provide clues about environmental hazards and suggest the need for laboratory investigations.


Another source of information is epidemiological studies. They involve comparing the health of people exposed to a particular chemical (the experimental group) with the health of another group of statistically similar people not exposed to the agent (the control group). The goal is to determine whether the statistical association between exposure to a toxic chemical and a health problem is strong, moderate, weak, or undetectable.


Three factors can limit the usefulness of epidemiological studies. One problem is that in many cases too few people have been exposed to high enough levels of a toxic agent to detect statistically significant differences. Another limitation is that conclusively linking an observed effect with exposure to a particular chemical is difficult because people are exposed to many different toxic agents throughout their lives.


Another limitation is that we cannot use epidemiological studies to evaluate hazards from new technologies or chemicals to which people have not been exposed.


How Do Scientists Use Laboratory Experiments to Estimate Toxicity?


Controversial Animal Testing


Exposing a population of live laboratory animals (especially mice and rats) to known amounts of a chemical is the most widely used method for determining its toxicity.
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LD50 Figure 19-5 Hypothetical dose-response curve showing determination of the LD50, the dosage of a specific chemical that kills 50% of the animals in a test group. This is one method that toxicologists use to determine and compare the toxicities of different chemicals.


The most widely used method for determining toxicity is to expose a population of live laboratory animals (especially mice and rats) to measured doses of a specific substance under controlled conditions.


Animal tests take 2–5 years and cost $200,000 to $2 million per substance tested. Such tests also kill or harm and can be painful to the test animals. The goal is to develop data on the response of the test animals to various doses of a chemical (called a dose-response curve). But estimating the effects of low doses is difficult.


Animal welfare groups want to limit or ban use of test animals or ensure that experimental animals are treated in the most humane manner possible. More humane methods for carrying out toxicity tests are available. They include computer simulations and using tissue cultures of cells and bacteria, chicken egg membranes, and measurements of changes in the electrical properties of individual animal cells.


These alternatives can greatly decrease the use of animals for testing toxicity. But many scientists contend that some animal testing is needed because the alternative methods cannot adequately mimic the complex biochemical interactions of a live animal.


Acute toxicity tests are run to develop a dose-response curve, which shows the effects of various dosages of a toxic agent on a group of test organisms (Figure 19-6). Such tests are controlled experiments in which the effects of the chemical on a test group are compared with the responses of a control group of organisms not exposed to the chemical. Care is taken that organisms in both groups are as identical as possible in age, health status, and genetic makeup, and that all are exposed to the same environmental conditions.


Fairly high dosages are used to reduce the number of test animals needed, obtain results quickly, and lower costs. Otherwise, tests would have to be run on millions of laboratory animals for many years, and manufacturers could not afford to test most chemicals.


For the same reasons, scientists usually use mathematical models to extrapolate the results of high-dose exposures to low-dose levels. Then they extrapolate the low-dose results on the test organisms to humans to estimate LD50 values for acute toxicity (Table 19-1).


According to the non-threshold dose-response model


(Figure 19-6, left), any dosage of a toxic chemical or ionizing radiation causes harm that increases with the
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Table 9-1 Toxicity Ratings and Average Lethal Doses for Humans


LD50 (milligrams per Toxicity Rating kilogram of body weight)* Average Lethal Dose† Examples


Super toxic Less than 0.01 Less than 1 drop Nerve gases, botulism toxin, mushroom toxins, dioxin (TCDD) Extremely toxic Less than 5 Less than 7 drops Potassium cyanide, heroin, atropine, parathion, nicotine Very toxic 5–50 7 drops to 1 teaspoon Mercury salts, morphine, codeine Toxic 50–500 1 teaspoon to 1 ounce Lead salts, DDT, sodium hydroxide, sodium fluoride, sulfuric acid, caffeine, carbon tetrachloride Moderately toxic 500–5,000 1 ounce to 1 pint Methyl (wood) alcohol, ether, phenobarbital, amphetamines (speed), kerosene, aspirin Slightly toxic 5,000–15,000 1 pint to 1 quart Ethyl alcohol, Lysol, soaps Essentially nontoxic 15,000 or greater More than 1 quart Water, glycerin, table sugar


*Dosage that kills 50% of individuals exposed


†Amounts of substances in liquid form at room temperature that are lethal when given to a 70.4-kilogram (155-pound) human


Dose


No threshold


Effect Nonlinear dose-response Linear dose-response Effect Threshold level Dose


Threshold Figure 19-6 Two types of dose-response curves. The linear and nonlinear curves in the left graph apply if even the smallest dosage of a chemical or ionizing radiation has a harmful effect that increases with the dosage. The curve on the right applies if a harmful effect occurs only when the dosage exceeds a certain threshold level. Which model is better for a specific harmful agent is uncertain because of the difficulty in estimating the response to very low dosages.


dosage. With the threshold dose-response model (Figure 19-6, right), a threshold dosage must be reached before any detectable harmful effects occur, presumably because the body can repair the damage caused by low dosages of some substances. Establishing which of these models applies at low dosages is extremely difficult and controversial. To be on the safe side, scientists usually use the non-threshold dose-response model.


Some scientists challenge the validity of extrapolating data from test animals to humans because human physiology and metabolism often differ from those of the test animals. Other scientists say that such tests and models work fairly well (especially for revealing cancer risks) when the correct experimental animal is chosen or when a chemical is toxic or harmful to several different test animal species.


The problem of estimating toxicities is difficult.


One problem is that in real life each of us is exposed to a variety of chemicals, some of which can interact in ways to decrease or enhance their individual effects over short and long times. Thus we could further modify Paracelsus’ original idea as follows: The dose of a usually unknown mixture of chemicals makes the poison, but differently for different individuals.


There are more problems. Toxicologists have great difficulty in estimating the toxicity of a single substance.


Adding the problem of evaluating mixtures of potentially toxic substances, separating out which ones are the culprits, and determining how they can interact with one another is overwhelming from a scientific and economic standpoint. For example, just studying the interactions of all possible combinations of three of the 500 most widely used industrial chemicals would take 20.7 million experiments—a physical and financial impossibility.


The effects of a particular chemical can also depend upon when exposure occurs. For example, children can be much more susceptible to toxic substances than an adult for several reasons. On a per weight basis children breathe more air, drink more water, and eat more food than do adults. They are also exposed to toxins in dust or soil when they frequently put their fingers, toys, or other objects in their mouths. In addition, immune systems and processes for degrading or excreting toxins and repairing damage are usually less well developed in children than in adults.


In 2003, the U.S. Environmental Protection Agency proposed that in determining risk, regulators should assume that the risk of children getting cancer from exposure to chemicals that can cause cancer is 10 times the exposure risk of adults. Some health scientists contend that these guidelines are too weak and to be on the safe side regulators should assume that the risk of harm from toxins for children should be 100 times that of adults.


In 2003, the U.S. government initiated a National Children’s Study that will follow the health and exposure levels to key toxins for 100,000 children from birth to age 18. As you can see, toxicologists have important but difficult jobs.


Can a Little Bit of Arsenic or Radiation Be Good for You? Controversy over Hormesis


There is controversy over the hypothesis that very small doses of radiation and some toxins may have beneficial health effects.


There is a hypothesis that radiation and some toxic substances that can harm or kill us at high doses may have beneficial health effects at very low doses. This phenomenon is called hormesis. A possible explanation for this effect is that very small doses of some substances may stimulate cellular repair or other beneficial responses.


Edward Calabrese, a highly respected toxicologist at the University of Massachusetts, Amherst, has made a thorough examination of the literature on this subject.


He has concluded that the idea has merit and needs more research to test its validity and discover the possible mechanisms involved.


Poor Paracelsus. If this idea turns out to have validity for some substances, we must further modify his original hypothesis as follows: The dose of the mixture of chemicals usually makes the poison—differently for different individuals—but in some cases a tiny bit of a poison may be good for you. The various possible revisions of the original hypothesis proposed by Paracelsus are a good example of how scientific hypotheses are modified to account for new data.


Scientists are waiting for more evidence to come in before accepting the hormesis hypothesis. Stay tuned for more developments about this fascinating idea.


How Good Are Estimates of Toxicity? Taking Uncertainty into Account


Because all methods of estimating toxicity have serious limitations, allowed exposure levels are usually set well below the estimated harmful levels.


As we have seen, all methods for estimating toxicity levels and risks have serious limitations. But they are all we have. To take this uncertainty into account and minimize harm, scientists and regulators typically set allowed exposure levels to toxic substances and ionizing radiation at 1/100 or even 1/1,000 of the estimated harmful levels.


Despite their many limitations, carefully conducted and evaluated toxicity studies are important sources of information for understanding dose-response effects and estimating and setting exposure
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standards. But citizens, lawmakers, and regulatory officials must recognize the huge uncertainties involved in all such studies.


19-3 CHEMICAL HAZARDS


What Are Toxic and Hazardous Chemicals?


Causing Death and Harm


Toxic chemicals can kill, and hazardous chemicals can cause various types of harm.


A toxic chemical is a chemical, which through its chemical action on life processes, can cause temporary or permanent harm or death to humans or animals. Its toxicity is often measured in terms of its medium lethal dose (Figure 19-5). A hazardous chemical can harm humans or other animals because it is flammable or explosive or because it can irritate or damage the skin or lungs, interfere with oxygen uptake, or induce allergic reactions.


There are three major types of potentially toxic agents. One consists of mutagens, chemicals or ionizing radiation that cause or increase the frequency of random mutations, or changes, in the DNA molecules found in cells. An example is nitrous acid (HNO2) formed by digestion of nitrite preservatives in foods.


Most mutations are harmless. One reason is that organisms have biochemical repair mechanisms that can correct mistakes or changes in the DNA code.


But harmful mutations occurring in reproductive cells can be passed on to offspring and to future generations.


It is generally accepted that there is no safe threshold for exposure to harmful mutagens.


A second type consists of teratogens, chemicals that cause harm or birth defects to a fetus or embryo.


Ethyl alcohol is an example of a teratogen. Drinking during pregnancy can lead to offspring with a low birth weight and a number of physical, developmental, and mental problems. Thalidomide is also a potent teratogen.


The third group is carcinogens, chemicals or ionizing radiation that cause or promote cancer—the growth of a malignant (cancerous) tumor, in which certain cells multiply uncontrollably. An example is benzene, a widely used chemical solvent. Many cancerous tumors spread by metastasis when malignant cells break off from tumors and travel in body fluids to other parts of the body. There they start new tumors, making treatment much more difficult. Typically, 10–40 years may elapse between the initial exposure to a carcinogen and the appearance of detectable symptoms.


Partly because of this time lag, many healthy teenagers and young adults have trouble believing their smoking, drinking, eating, and other lifestyle habits today could lead to some form of cancer before they reach age 50.


What Effects Can Some Chemicals Have on Immune, Nervous, and Endocrine Systems?


Possible Harm from Small Doses


Long-term exposure to some chemicals at low doses may disrupt the body’s immune, nervous, and endocrine systems.


Since the 1970s a growing body of research on wildlife and laboratory animals, along with some epidemiological studies of humans, indicates that long-term exposure to low doses of some chemicals in the environment can disrupt the body’s immune, nervous, and endocrine systems.


The immune system consists of specialized cells and tissues that protect the body against disease and harmful substances by forming antibodies that make invading agents harmless. Ionizing radiation and some chemicals can weaken the human immune system and leave the body vulnerable to attacks by allergens, infectious bacteria, viruses, and protozoans.


Examples are arsenic and dioxins.


Some natural and synthetic chemicals in the environment, called neurotoxins, can harm the human nervous system (brain, spinal cord, and peripheral nerves).


For example, many poisons and the venom of poisonous snakes are neurotoxins, which inhibit, damage, or destroy nerve cells (neurons) that transmit electrochemical messages throughout the body. Effects can include behavioral changes, paralysis, and death.


Other examples of neurotoxins are PCBs, mercury, and certain pesticides.


The endocrine system is a complex network of glands that release very small amounts of hormones in the bloodstream of humans and other vertebrate animals.


Low levels of these chemical messengers turn on and off bodily systems that control sexual reproduction, growth, development, learning ability, and behavior.


Each type of hormone has a specific molecular shape that allows it to attach only to certain cell receptors (Figure 19-7, left). Once bonded together, the hormone and its receptor molecule can signal cell mechanisms to execute the chemical message carried by the hormone.


Case Study: Are Hormonally Active Agents a Human Health Threat? Serious Concern but Inconclusive Evidence


Exposure to low levels of certain synthetic chemicals may disrupt the effects of natural hormones in animals, but more research is needed to determine the effects of these chemicals on humans.


There is concern that human exposure to low levels of certain synthetic chemicals can mimic and disrupt the effects of natural hormones. Over the last 25 years, experts from a number of disciplines have been piecing together field studies on wildlife, studies on labora-
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tory animals, and epidemiological studies of human populations. This analysis suggests that a variety of human-made chemicals can act as hormone or endocrine disrupters, known as hormonally active agents (HAAs).


Examples of hormone disrupters are DDT, PCBs, and certain herbicides.


Some, called hormone mimics, are chemicals similar to estrogens (female sex hormones). They can disrupt the endocrine system by attaching to estrogen receptor molecules (Figure 19-7, center). Others, called hormone blockers, disrupt the endocrine system by preventing natural hormones such as androgens (male sex hormones) from attaching to their receptors (Figure 19-7, right). Estrogen mimics and hormone blockers are sometimes called gender benders because of their possible effects on sexual development and reproduction.


There is also growing concern about still another group of HAAs—pollutants that can act as thyroid disrupters and cause growth, weight, brain, and behavioral disorders.


Is long-term exposure to low levels of HAAs a threat to human health? A 1999 study of the possible effects of hormonally active agents on humans by a U.S. National Academy of Sciences panel of scientists came to three major conclusions. First, “adverse reproductive and developmental effects have been observed in human populations, wildlife, and laboratory animals as a consequence of exposure to HAAs.” Second, “there have been only a few studies of the effects of HAAs in humans, but the results of laboratory and wildlife studies suggest that HAAs have the potential to affect human immune functions.” Third, greatly increased research is needed to come to a more definitive conclusion about whether low levels of most HAAs in the environment pose a threat to human health.


Bottom line: We do not know whether exposure to trace amounts of various hormonally active chemicals introduced into the environment have harmful effects on humans and other animals. Some scientists say there is no definitive evidence for harm from HAAs to humans and dismiss it as a minor threat. But others say there is enough preliminary evidence to warrant greatly increased research on their possible effects.


This will take decades.


Some scientists say we need to wait for the results of more research before banning or severely restricting HAAs. Other scientists believe that as a precaution, we should sharply reduce the use of potential hormone disrupters.


Why Do We Know So Little about the Harmful Effects of Chemicals? Establishing Guilt Is Difficult


Under existing laws most chemicals are considered innocent until shown to be guilty, and estimating their toxicity to establish guilt is difficult, uncertain, and expensive.


According to risk assessment expert Joseph V. Rodricks, “Toxicologists know a great deal about a few
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Hormone Receptor


Cell


Estrogen-like chemical Anti-androgen chemical


Normal Hormone Process Hormone Mimic Hormone Blocker Figure 19-7 Hormones are molecules that act as messengers in the endocrine system to regulate various bodily processes, including reproduction, growth, and development. Each type of hormone has a unique molecular shape that allows it to attach to specially shaped receptors on the surface of, or inside, cells and to transmit its chemical message (left). Molecules of certain pesticides and other synthetic chemicals have shapes similar to those of natural hormones and can affect the endocrine system in people and various other animals. These molecules are called hormonally active agents (HAAs). Some HAAs, sometimes called hormone mimics, disrupt the endocrine system by attaching to estrogen receptor molecules (center) and giving too-strong, too weak, or mistimed signals. Other HAAs, sometimes called hormone blockers, prevent natural hormones such as androgens from attaching to their receptors (right) so that no signal is given. Some pollutants, called thyroid disrupters, may disrupt hormones released by thyroid glands and cause growth and weight disorders and brain and behavioral disorders. Because of the difficulty in determining the harmful effects of long-term exposure to low levels of HAAs, there is uncertainty over their effects on human health.


chemicals, a little about many, and next to nothing about most.” The U.S. National Academy of Sciences estimates that only about 10% of at least 80,000 chemicals in commercial use have been thoroughly screened for toxicity, and only 2% have been adequately tested to determine whether they are carcinogens, teratogens, or mutagens. Hardly any of the chemicals in commercial use have been screened for possible damage to the human nervous, endocrine, and immune systems.


Currently, federal and state governments do not regulate about 99.5% of the commercially used chemicals in the United States. There are several reasons for this lack of regulation. One is that under existing U.S. laws, most chemicals are considered innocent until shown to be guilty. Some analysts think this is the opposite of the way it should be. They ask why chemicals should have the same legal rights as people.


A second reason is that there are not enough funds, personnel, facilities, and test animals available to provide such information for more than a small fraction of the many individual chemicals we encounter in our daily lives. A third limitation is that it is difficult and expensive to analyze the combined effects of multiple exposures to various chemicals and the possible interactions of such chemicals.


This approach is based on the precautionary principle:


When there is plausible but incomplete scientific evidence (frontier science evidence) of significant harm to humans or the environment from a proposed or existing chemical or technology, we should take action to prevent or reduce the risk instead of waiting for more conclusive (sound or consensus science) evidence. This principle is based on familiar axioms: “Look before you leap.” “Better safe than sorry.” “An ounce of prevention is worth a pound of cure.” Under this approach, those proposing to introduce a new chemical or technology would bear the burden of establishing its safety. This means two major changes in the way we evaluate risks. First, new chemicals and technologies would be assumed harmful until scientific studies can show otherwise. Second, existing chemicals and technologies that appear to have a strong chance of causing significant harm would be removed from the market until their safety can be established.


Some movement is being made in this direction, especially in the European Union. In 2000, negotiators agreed to a global treaty that would ban or phase out use of 12 of the most notorious persistent organic pollutants (POPs), also called the dirty dozen. The list included DDT and eight other persistent pesticides, PCBs, and dioxins and furans. New chemicals would be added to the list when the harm they cause is seen as outweighing their usefulness. This treaty went into effect in 2004.


Manufacturers and businesses agree that some chemicals are too dangerous for widespread use and that some technologies such as coal-burning plants carry high health risks. But they contend that widespread application of the precautionary principle would make it too expensive and almost impossible to introduce any new chemical or technology. Strict application of the precautionary principle would stifle chemical and technological innovation and risk taking.


We can never have a risk-free society. For example, if we had strictly applied the precautionary principle would we have automobiles, antibiotics, or plastics?


On the other hand, proponents of increased reliance on the precautionary principle say that it will encourage innovation in developing less harmful alternative chemicals and technologies and in finding ways to prevent as much pollution as possible instead of relying mostly on pollution control. It is true that we cannot have a risk-free society. But proponents believe we should make greater use of the precautionary principle effort to reduce many of the risks we face. As you can see, there are no easy answers for knowing when to apply the precautionary principle.
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Is Pollution Prevention the Answer?


Taking Precautions


Preliminary but not conclusive evidence that a chemical causes significant harm should spur preventive action, some say.


So where does this leave us? We do not know a lot about the potentially toxic chemicals around us and inside of us, and estimating their effects is very difficult, time consuming, and expensive. Is there a way out of this dilemma?


Some scientists and health officials, especially those in European Union countries, are pushing for much greater emphasis on pollution prevention. They say we should not release into the environment chemicals that we know or suspect can cause significant harm. This means looking for harmless or less harmful substitutes for toxic and hazardous chemicals or recycling them within production processes so they do not reach the environment.


This prevention strategy greatly reduces the expenditures of huge amounts of money on statistically uncertain and controversial toxicity studies and exposure standards. It also lowers the risk from exposure to potentially hazardous chemicals and products and their possible but poorly understood multiple interactions.


HOW WOULD YOU VOTE? Should chemicals be regulated based on their effects on the nervous, immune, and endocrine systems? Cast your vote online at http://biology.brookscole .com/miller14.


HOW WOULD YOU VOTE? Should we assume that new chemicals that can end up in the environment are guilty of causing harm until proven innocent? Cast your vote online at http://biology.brookscole.com/miller14.


19-4 BIOLOGICAL HAZARDS: DISEASE IN DEVELOPED AND DEVELOPING COUNTRIES


What Are Nontransmissible and Transmissible Diseases? To Spread or Not to Spread


Diseases not caused by living organisms do not spread from one person to another, and those caused by living organisms such as bacteria and viruses can spread from person to person.


A nontransmissible disease is caused by something other than a living organism and does not spread from one person to another. Such diseases tend to develop slowly and have multiple causes. Examples are cardiovascular (heart and blood vessel) disorders, most cancers, diabetes, asthma, emphysema, and malnutrition.


A transmissible disease is caused by a living organism and can spread from one person to another. Infectious agents or pathogens (such as a bacterium, virus, protozoa, or parasite; Figure 19-8) cause such diseases.


These agents are spread by air, water, food, and body fluids, and by some insects (such as mosquitoes; Figure 19-9, p. 420) and other nonhuman carriers. All such pathways are called vectors.


Typically, a bacterium is a one-celled microorganism that can replicate (clone) itself by simple cell division.


A virus is a microscopic, noncellular infectious agent. Its DNA or RNA contains instructions for making more viruses, but it has no apparatus to do this. To replicate, a virus must invade a host cell and take over the cell’s DNA to create a factory for producing more viruses (Figure 19-10, p. 421). A parasite is an organism that feeds off another organism (p. 154). Protozoans are a diverse assortment of microscopic or near-microscopic organisms that live as single cells or in simple colonies.


Examples are Giardia lamblia that causes giardiasis, a gastrointestinal disease transmitted by water, and several species of Plasmodium that transmit malaria.


According to the World Health Organization, about 30% of all deaths per year are caused by nontransmissible cardiovascular disease, 26% by transmissible infectious disease (Figure 19-11, p. 421), and 12% by nontransmissible cancers.


As a country industrializes, it usually makes an epidemiological transition in which deaths from the infectious diseases of childhood decrease and those from the chronic diseases of adulthood (heart disease and stroke, cancer, and respiratory conditions) increase.


Good news. Since 1900, and especially since 1950, the incidence of infectious diseases and the death rates from such diseases have been greatly reduced. This has been done mostly by a combination of better health care, using antibiotics to treat infectious disease caused by bacteria, and developing vaccines to prevent the spread of some infectious viral diseases.


Bad news. Many disease-carrying bacteria have developed genetic immunity to widely used antibiotics (Case Study, below). Also, many disease-transmitting species of insects such as mosquitoes have become immune to widely used pesticides that once helped control their populations.


Case Study: Are We Losing Ground in Our Struggle against Infectious Bacteria? Growing Germ Resistance to Antibiotics


Rapidly producing infectious bacteria can undergo natural selection and become genetically resistant to widely used antibiotics.


We may be falling behind in our efforts to prevent infectious bacterial diseases because of the astounding reproductive rate of bacteria, which can produce 16,777,216 offspring in 24 hours. Their high reproductive rate allows them to become genetically resistant to an increasing number of antibiotics through natural selection. They can also transfer such resistance to nonresistant bacteria.


Other factors play a role in the potentially serious rise in the incidence of some infectious bacterial diseases —such as tuberculosis (Case Study, p. 421)—once controlled by antibiotics. One is that harmful bacteria are spread around the globe by human travel and the trade of goods. Another is that overuse of pesticides
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Bacteria Protozoa


Vibrio cholerae (cholera) Plasmodium (malaria) Myobacterium tuberculosis (tuberculosis) Treponema pallidum (syphilis) 6 micrometers


Viruses Smallpox Hepatitis B Ebola


On this scale, a human hair would be 6 meters (20 feet) wide


HIV (AIDS) 1 micrometer 10 micrometers


Figure 19-8 Examples of pathogens or agents that can cause transmissible diseases. A micrometer is one-millionth of a meter.


increases populations of pesticide-resistant insects and other carriers of bacterial diseases.


An additional factor is overuse of antibiotics. According to a 2000 study by Richard Wenzel and Michael Edward, at least half of all antibiotics used to treat humans are prescribed unnecessarily. In many countries antibiotics are available without prescriptions, which also promotes unnecessary use.


According to a 2001 study by the Union of Concerned Scientists, nearly 75% of all antibiotics manufactured in the United States are used mostly in feed additives to boost livestock production. Recent
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Dengue Fever Malaria Yellow Fever


Painful and sometimes fatal.


Carried by four related viruses and strikes during rainy season.


2.5 million people at risk; 50 million new cases a year.


Dreaded far more than 400 years.


Viral disease that causes symptoms from mild to severe illness and death.


200,000 new cases and 30,000 deaths a year.


Endemic in more than 100 countries.


Caused by four protozoa species.


270–500 million new cases and 1 million deaths per year.


Figure 19-9 A few species of mosquito act as vectors to transmit pathogens for a number of infectious diseases, including the three whose normal ranges are mapped here. Female mosquitoes feed on blood and male mosquitoes on plant juices. Thus, only the female mosquito bites people and animals to feed on their blood, and in the process transmits pathogens from one victim to later victims. Throughout human history, disease transmission by female mosquitoes has probably killed more people than any other single factor. However, most mosquito species do not transmit infectious diseases and mosquitoes play important ecological roles.


Their eggs are a major food source for fish, various insects, and frogs and other amphibians. Adult mosquitoes are an important source of food for bats, spiders, and many insect and bird species. Mosquitoes locate us by the CO2 we give off, the odor of lactic acid secreted by our skin, and our body heat, which is why heat-absorbing dark clothes attract mosquitoes more than light-colored clothes do. Once a female mosquito finds us she pierces our skin, injects an anticoagulant mixed with saliva that keeps our blood flowing and also causes an itchy bump to rise, and drinks her fill of our blood. (World Health Organization and the U.S. Centers for Disease Control and Prevention)


studies show that resistant strains of infectious diseases that develop in livestock animals can spread to humans through contact with infected animals or water and through food webs. Good news. Because of public pressure, efforts are being made to phase out the use of antibiotics to boost livestock. Some fast food chains now refuse to buy meat from livestock treated with antibiotics.


The result of these factors acting together is that every major disease-causing bacterium now has strains that resist at least one of the roughly 160 antibiotics we use to treat bacterial infections. Consequently, the United States and other countries are seeing an increase in the number of patients who contract infectious bacterial disease while they are in a hospital or other medical facility. According to a 2002 study by the Joint Commission for the Accreditation of Healthcare Organizations, each year nearly 2 million Americans leave hospitals with mostly preventable infections they acquired there, and at least 90,000 of them died prematurely because of such infections.


Biologist Paul Ewald suggests that we should stop trying to obliterate lethal microbes and instead focus on how to weaken their effects by forcing them to mutate in certain ways. Maybe we can get the forces of evolution on our side by causing viruses to become less virulent as they spread among the population.


Case Study: The Global Tuberculosis Epidemic—A Growing Threat


Tuberculosis (TB) kills about 1.7 million people a year and could kill 28 million people by 2020.


Since 1990, one of the world’s most underreported stories has been the rapid spread of tuberculosis (TB). According to the World Health Organization, this highly infectious bacterial disease infects about
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A typical virus consists of a shell of proteins surrounding genetic material


The virus attaches to the host cell. The entire virus may enter or it may inject its genetic material, or genome.


The viral genetic material uses the host cell's DNA to replicate again and again.


The new viruses emerge from the host cell capable of infecting other cells. This process often destroys the first cell.


Each new copy of the virus directs the cell to make it a protein shell Nucleus New viruses Host cell Virus Cell membrane Genetic material Surface proteins


Figure 19-10 How a virus reproduces. (American Medical Association) 3.2 million


Disease (type of agent) Deaths per year


Pneumonia and flu (bacteria and viruses) 3.0 million HIV/AIDS (virus) 1.9 million Diarrheal diseases (bacteria and viruses) 1.7 million Tuberculosis (bacteria) 1 million Malaria (protozoa) 1 million Hepatitis B (virus) 800,000 Measles (virus)


Figure 19-11 Each year the world’s seven deadliest infectious diseases kill about 12.6 million people—most of them poor people in developing countries. This amounts to about 34,500 mostly preventable deaths every day. (World Health Organization)


9 million people per year and kills about 1.7 million of them—mostly in developing countries (Figure 19-12).


The WHO projects that between 2004 and 2020, about 28 million people will die of the disease, unless current efforts and funding to control TB are greatly strengthened and expanded.


The bacterium causing TB infection moves from person to person mainly in airborne droplets produced by coughing, sneezing, singing, or even talking. At the rate of 9 million people per year, the TB bacillus has now infected about one of every three people in the world. To be infected means to have the organisms in your body, whether or not you are sick.


During their lifetime about 5–10% of all infected people will become sick or infectious (able to spread the disease) with active TB, especially when their immune system is weakened. Left untreated, each person with active TB typically infects 10–15 other people.


Most infected people do not appear to be sick, and about half of them do not even know they are infected.


As a result, this serious health problem has been called a silent global epidemic.


Several factors account for the recent increase in TB. One is the lack of TB screening and control programs, especially in developing countries, where about 95% of the new cases occur. A second problem is that most strains of the TB bacterium have developed genetic resistance to almost all effective antibiotics.


Another factor is increased population growth and urbanization that have increased contacts between people and have spread TB, especially in areas where large numbers of the poor are crowded together. In addition, the spread of AIDS greatly weakens the immune system and allows TB bacteria to multiply in AIDS victims.


Slowing the spread of the disease involves early identification and treatment of people with active TB, especially those with a chronic cough. Treatment with a combination of four inexpensive drugs can cure 90% of those with active TB. However, to be effective, the drugs must be taken every day for 6–8 months. Because the symptoms disappear after a few weeks, many patients think they are cured and stop taking the drugs. This allows the disease to recur in a hard-to treat form. It then spreads to other people, and drug-resistant strains of TB bacteria develop.


How Serious Is the Threat from Viral Diseases? Watch Out for HIV, Flu, and Hepatitis B


HIV, flu, and hepatitis B viruses infect and kill many more people each year than the highly publicized Ebola, West Nile, and SARS viruses.


What are the world’s three most widespread and dangerous viruses? The biggest killer is the human immunodeficiency virus (HIV) that is transmitted by unsafe sex, sharing of needles by drug users, infected mothers to offspring before or during birth, and exposure to infected blood. On a global scale, HIV infects at least 5 million people a year (about 41,000 in the United States), and the resulting complications from AIDS kill about 3 million people a year.


The second biggest killer is the influenza or flu virus that is transmitted by the body fluids or airborne emissions of an infected person and kills about 1 million people per year. In 1919 a highly virulent global strain of the influenza virus infected up to 500 million people around the world. At least 20 million people (some say 50 million) died within 6 months. Many health scientists believe that sooner or later such a mass infection from a new and very potent flu virus will sweep the world again and perhaps kill several hundred million people.


The third largest killer is the hepatitis B virus (HBV) that damages the liver and kills about 1 million a year.


Like HIV, it is transmitted by unsafe sex, sharing of needles by drug users, infected mothers to offspring before or during birth, and exposure to infected blood.


In recent years, three other viruses have received widespread coverage in the media. One is the Ebola virus transmitted by the blood or other body fluids of an infected person. Another is the West Nile virus, transmitted by the bite of a common mosquito that has become infected by feeding on birds carrying the virus. A third is the severe acute respiratory syndrome


(SARS) virus. This easily transmitted virus first emerged in southern China in 2002. It infected more than 8,000 in 30 countries and killed nearly 800 before the outbreak was brought under control.


Health officials are concerned about the emergence and spread of these three and other emerging viral diseases and are working hard to control the spread of these diseases. But in terms of annual infection rates and deaths, the three most dangerous viruses by far are HIV, flu, and hepatitis B.
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Figure 19-12 The current global tuberculosis epidemic. This easily transmitted disease is spreading rapidly and now kills about 1.7 million people a year—about 84% of them in developing countries. (World Health Organization)


For example, the West Nile virus has spread throughout most of the lower 48 states but the chances of being infected and killed by it is low (about 1 in 2,500). In 2003, the flu killed more Americans in two days than the West Nile virus killed during the entire year.


You can greatly reduce your chances of getting infectious diseases such as flu, the common cold, and SARS that spread from person to person by practicing good old-fashioned hygiene. Wash your hands thoroughly and often, and avoid touching your mouth, nose, and eyes.


It is much harder to fight viral infections than infections caused by bacteria and protozoa. One problem is that most drugs that can kill a virus also harm the cells of its host. Treating viral infections such as colds, flu, and most mild coughs and sore throats with antibiotics is useless and increases genetic resistance in disease-causing bacteria.


The best weapons against viruses are vaccines that stimulate the body’s immune system to produce antibodies to ward off viral infections. Immunization with vaccines has helped reduce the spread of viral diseases such as smallpox, polio, rabies, influenza, measles, and hepatitis B. But vaccines are not available for many viral diseases.


Case Study: How Serious Is the Global Threat from HIV and AIDS? A Rapidly Growing Health Threat


The spread of acquired immune deficiency syndrome (AIDS), caused by HIV, is one of the world’s most serious and rapidly growing health threats.


Sex can be hazardous to your health. Worldwide, almost 400 million people are infected with a sexually transmitted disease (STD) each year. According to the U.S. Centers for Disease Control, almost one of every four Americans is walking around with an STD and at least one in every three sexually active persons in the United States will contract an STD by age 24. STDs are rampant in high schools and colleges, where many students think, “It cannot happen to me.” Polls indicate that 50–66% of sexually active students do not use condoms and more than 40% have two or more sex partners. Some STDs can cause infertility in men and women. Others can cause genital warts and genital cancers or, in the case of HIV, eventually death.


The global spread of acquired immune deficiency syndrome (AIDS), caused by HIV, a serious and rapidly growing health threat. The virus itself is not deadly, but it kills immune cells and leaves the body defenseless against infectious bacteria and other viruses. According to the WHO, by the beginning of 2004 some 38 million people worldwide (96% of them in developing countries, especially African countries south of the Sahara Desert) were infected with HIV. Every day about 14,000 more people—most of them between the ages of 15 and 24—get infected with HIV. According to U.S. Secretary of State Colin Powell, “AIDS is . . . now more destructive than any army, any conflict, and any weapon of mass destruction.” The news is going to get worse. Infection rates are increasing rapidly in five countries—Nigeria, Ethiopia, Russia, Indonesia, Vietnam, India, and China—that together have 40% of the world’s population.


Within 7–10 years, at least half of those with HIV develop AIDS. This long incubation period means that infected people often spread the virus for several years without knowing they are infected. So far, there is no vaccine to prevent HIV and no cure for AIDS. Once you get AIDS, you will eventually die, although drugs may help some infected people live longer. However, only a tiny fraction of those suffering from AIDS can afford to use these costly drugs.


Between 1980 and 2004, more than 20 million people (460,000 in the United States) died of AIDS-related diseases. An estimated 280,000 of the roughly 900,000 Americans infected with HIV do not know it and there are about 42,000 new infections a year. In the United States, free or low-cost confidential testing for HIV exposure is available at many public health offices and at many doctors’ offices. However, it takes a few weeks to 6 months or more before enough antibodies form in response to an HIV infection for any test to show that the virus is present. In addition, the conventional tests require several hours of lab time, often at another location, so that results may not be available for 1 to 2 weeks. In 2003, the CDC began purchasing and pilot testing nationwide a new device called OraQuick. It can use a small amount of blood from a finger prick to test for HIV within 20 minutes. The accuracy rate is 99.6%, roughly the same as more conventional blood tests.


AIDS has caused the life expectancy of 700 million people living in sub-Saharan Africa to drop from 62 to 47 years. The premature deaths of teachers, health care workers, and other young, productive adults in such countries leads to diminished education and health care, decreased food production and economic development, and disintegrating families. Such deaths drastically alter a country’s age structure diagram (Figure 19-13, p. 424). AIDS has left 15 million orphans— roughly equal to every child under age 5 in America.


Between 2004 and 2020, the WHO estimates 60 million more deaths from AIDS and a death toll reaching as high as 5 million a year by 2020.


According to the WHO, a global strategy to slow the spread of AIDS should have five major priorities.


First, shrink the number of people capable of infecting others by quickly reducing the number of new infections below the number of deaths. Second, concentrate on the groups in a society that are most
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likely to spread the disease, such as truck drivers, sex workers, and soldiers. Third, provide free HIV testing and pressure people to get tested. Fourth, use a mass advertising and education program for adults and schoolchildren to help prevent the disease with emphasis on abstinence and condom use. Fifth, provide free or low-cost drugs to slow the progress of the disease.


Senegal acted early to check the spread of the virus and has kept the proportion of its young adults infected with HIV below 1%. Within a decade, Botswana cut its HIV infection rates in half with good leadership from its government, health-care facilities that are better than average, and vast wealth from diamonds.


It provided free testing for HIV and pressured people to get tested. Those with HIV or AIDS were provided with free or low-cost drugs to slow the disease’s progress.


malaria (Figure 19-9, middle). Worldwide, an estimated 300–500 million people are infected with the protozoan parasites that cause malaria, and there are 270–500 million new cases each year. Malaria is not just a concern for the people living in the areas where it occurs (Figure 19-9, middle), but also for anyone traveling to these areas—including many unsuspecting tourists—because there is no vaccine for this disease.


Malaria is caused by a parasite that is spread by the bites of certain mosquito species. It infects and destroys red blood cells, causing fever, chills, drenching sweats, anemia, severe abdominal pain and headaches, vomiting, extreme weakness, and greater susceptibility to other diseases. The disease kills about 1 million people each year (about 900,000 of them children under age 5)—an average of 2,700 deaths per day. Many children who survive severe malaria have brain damage or impaired learning ability.


Malaria is caused by four species of protozoan parasites in the genus Plasmodium. Most cases of the disease are transmitted when an uninfected female mosquito from any one of about 60 Anopheles mosquito species bites an infected person, ingests blood that contains the parasite, and later bites an uninfected person (Figure 19-14). When this happens, Plasmodium parasites move out of the mosquito and into the human’s bloodstream, multiply in the liver, and enter blood cells to continue multiplying. Malaria can also be transmitted by blood transfusions or by sharing needles.


The malaria cycle repeats itself until immunity develops, treatment is given, or the victim dies. Over the course of human history, malarial protozoa probably have killed more people than all the wars ever fought.


The mosquitoes that transmit malaria breed in shallow pools and puddles—often in tire ruts and hoof prints—near human dwellings and apparently are attracted to smelly feet. During the 1950s and 1960s, the spread of malaria was sharply curtailed by draining swamplands and marshes, spraying breeding areas with insecticides, and using drugs to kill the parasites in the bloodstream. Since 1970, malaria has come roaring back. Most species of the malaria-carrying


Anopheles mosquito have become genetically resistant to widely used insecticides. Worse, the Plasmodium parasites have become genetically resistant to common antimalarial drugs.


Researchers are working to develop new antimalarial drugs (such as artemisinins derived from the Chinese herbal remedy qinghaosu), vaccines, and biological controls for Anopheles mosquitoes. But such approaches receive too little funding and have proved more difficult than originally thought.


In 2002, scientists announced they had broken the genetic codes for both the mosquito and the parasite responsible for most malaria cases. Eventually this important information could uncover genetic vulnerabil-
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Figure 19-13 How AIDS can affect the age structure of a population. This figure shows the projected age structure of Botswana’s population in 2020 with and without AIDS. (U.S.


Census Bureau)


Case Study: Malaria: A Deadly Parasitic Disease That Is Making a Comeback


Malaria kills about 1 million people a year and has probably killed more people than all of the wars ever fought.


About one of every five people in the world—most of them living in poor African countries—is at risk of


HOW WOULD YOU VOTE? Should developed and developing nations mount a global campaign to reduce the spread of AIDS and to help countries affected by this disease? Cast your vote online at http://biology.brookscole.com/miller14.


ities in these organisms. This could allow scientists to alter the genetic makeup of mosquitoes so they cannot carry and transmit the parasite to humans. It could also lead to more effective drugs, vaccines, insecticides, and insect repellents to counter the disease.


Meanwhile, health experts say prevention is the best approach to slowing the spread of malaria. Methods include increasing water flow in irrigation systems to prevent mosquito larvae from developing (an expensive solution that uses much more water than required for irrigation) and fixing leaking water pipes.


A problem is that poor villagers in malarial regions cannot afford screens on their homes and mosquito nets for their beds. The WHO calls for countries to do away with all taxes and tariffs on insecticide-treated bed nets, and to give such bed nets to the poor.


Other approaches include cultivating fish that feed on mosquito larvae (biological control), clearing vegetation around houses, planting trees that soak up water in low-lying marsh areas where mosquitoes thrive (a method that can degrade or destroy ecologically important wetlands), and using zinc and vitamin A supplements to boost resistance to malaria in children.


Spraying the inside of homes with low concentrations of DDT about twice a year greatly reduces the number of malaria cases. But under an international treaty enacted in 2002, DDT and five of its chlorinated hydrocarbon cousins are being phased out in developing countries. However, the treaty allows 25 countries to continue using DDT for malaria control until other alternatives are available.


Health officials in developing countries call for much greater funding for research on finding ways to prevent and treat malaria. Each year more than $70 billion is spent on research on disease. If you look at the number of people dying each year from malaria, a fair share of the global research funding for malaria would be about $1.75 billion a year. The actual figure spent annually for malaria research is about $85 million a year.


Solutions: How Can We Reduce the Incidence of Infectious Diseases? More Money and Assistance


We can sharply reduce the incidence of infectious diseases if the world is willing to provide the necessary funds and assistance.


Bad news. First, death rates from infectious diseases in developing countries are unacceptably high. Second, only about 10% of global medical research and development money is spent on infectious diseases in developing countries, even though more people worldwide suffer and die from these diseases than from all other diseases combined. Third, major drug companies have greatly decreased research on developing antibiotics and vaccines because they are difficult and costly to develop. They also produce lower profits because patients take them for only a short time compared to medicines for treating chronic diseases such as diabetes and hypertension that must be taken every day for years. Fourth, about one-third of the world’s people, mostly in developing countries, lack adequate access to clean drinking water and sanitation facilities.


Fifth, the WHO estimates that children under 5 make up only 10% of the world’s population but account for 40% of global illness. Eleven million children a year die before their fifth birthday from causes that are mostly preventable and treatable.


Good news. According to the WHO, the global death rate from infectious diseases dropped by about two-thirds between 1970 and 2000 and is projected to continue dropping. Also, between 1971 and 2000, the percentage of children in developing countries immunized with vaccines to prevent tetanus, measles, diphtheria, typhoid fever, and polio increased from 10% to 84%—saving about 10 million lives a year.


Figure 19-15 (p. 426) lists measures that health scientists and public health officials suggest to help prevent or reduce the incidence of infectious diseases that affect humanity (especially in developing countries).
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Anopheles mosquito (vector) in aquatic breeding area


1. Female mosquito bites infected human, ingesting blood that contains Plasmodium gametocytes


2. Plasmodium develops in mosquito adult


3. Mosquito injects Plasmodium sporozoites into human host eggs larva pupa


4. Parasite invades blood cells, causing malaria and making infected person a new reservoir


Figure 19-14 The life cycle of malaria. Plasmodium circulates from mosquito to human and back to mosquito.


An important breakthrough has been the development of simple oral rehydration therapy to help prevent death from dehydration for victims of diarrheal diseases, which cause about one-fourth of all deaths of children under age 5. It involves administering a simple solution of boiled water, salt, and sugar or rice, at a cost of only a few cents per person. It has been the major factor in reducing the annual number of deaths from diarrhea from 4.6 million in 1980 to 1.9 million in 2002.


Few investments have saved so many lives at such a low cost.


In 2001, the WHO began promoting a do-it-yourself technique that uses sunlight to disinfect water. The process is simple: fill a transparent plastic bottle with contaminated water and lay it horizontally on a flat black surface (which absorbs more heat and kills more pathogens than a lighter surface can) in the sunlight.


After several hours, the heat and ultraviolet rays of the sun kill most illness-causing microorganisms in polluted water. This simple method is especially useful in tropical countries where there is intense sunlight.


How Serious Is the Threat of Bioterrorism?


A Growing Concern


Bioterrorism that involves releasing infectious organisms into the air, water supply, or food supply is a serious and growing threat.


One of the threats in our increasingly interconnected global society is bioterrorism. It involves the deliberate release of disease-causing bacteria or viruses into the air, water supply, or food supply of concentrated urban populations.


According to antiterrorism experts, bioterrorism is a much easier, cheaper, and more effective way to cause illness, death, and mass terror and chaos than crashing planes into buildings or setting off dirty nuclear weapons. The materials and tools to make biological weapons are inexpensive and easy to get. A state-of-the art laboratory for making biological warfare agents requires about $10,000 of off-the shelf equipment such as a beer fermenter, a protein-based culture of the disease to be produced, protective plastic clothing, and a gas mask. The lab could be housed in a space about the size of a small bathroom. Now that the sequencing of the genome of the flu virus is nearly complete, bioterroists can develop more lethal flu viruses and easily transmit them through the air in tiny droplets.


Since the end of World War II, the United States and the former Soviet Union both have spent billions of dollars developing, producing, and stockpiling large quantities of biological weapons of mass destruction.


Figure 19-16 provides information about some of the common bacterial and viral agents these countries have studied and developed.


Both countries have used recombinant DNA techniques to produce more dangerous versions of these organisms that act faster, are more virulent, and are resistant to antibiotics used to treat them. They have also created new and even more dangerous infectious organisms with properties that are classified as top secret.


Both countries have promised to destroy their biological weapons. But because of the secrecy of these programs there is no way to know how many weapons remain.


Thousands of former Soviet scientists with knowledge about how to develop these weapons are living in poverty. There is fear that countries interested in developing biological weapons will hire some of them. In 1995, the U.S. Central Intelligence Agency (CIA) identified 16 nations suspected of having programs to develop and stockpile biological warfare agents. In addition, thousands of molecular biologists and graduate-school students around the world have enough knowledge about recombinant DNA and cloning technology to design and mass produce biological warfare agents.


Once made, the bacteria or viruses can be carried in a small vial or aerosol container not detectable by conventional security equipment. They could be released
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Solutions Infectious Diseases


Increase research on tropical diseases and vaccines Reduce poverty Decrease malnutrition Improve drinking water quality Reduce unnecessary use of antibiotics Educate people to take all of an antibiotic prescription Reduce antibiotic use to promote livestock growth Careful hand washing by all medical personnel Immunize children against major viral diseases Oral rehydration for diarrhea victims Global campaign to reduce HIV/AIDS


Figure 19-15 Solutions: ways to prevent or reduce the incidence of infectious diseases, especially in developing countries. Which two of these solutions do you believe are the most important?


in a crowded subway car, into a public water supply, or into the unprotected, ground-level air intakes found in most office buildings. A terrorist organization with volunteers willing to die for their cause could infect volunteers with a normally fatal disease organism that is easily transmitted from one human to another. After waiting until they are contagious, the volunteers could be sent on airplane trips throughout the world. Millions could die and the social and economic fabric of affected societies would unravel.


According to a 2003 worst-case scenario published in the Proceedings of the National Academy of Sciences, if terrorists release 1 kilogram (2.2 pounds) of anthrax spores in a city of 10 million people, at least 123,000 people would die, even if everyone took the appropriate antibiotics within 48 hours after exposure.


Amore likely version of this scenario is that the attack might go unnoticed until a few victims turned up sick at hospitals. Then waves of very sick people would overwhelm hospitals, most of which lack enough stocks of antibiotics, vaccines, equipment, and staffing to handle such a big surge in emergency patients.


Casualties among medical workers would compound the crisis and chaos would reign.


I know you are thinking: Whoa, enough already.


This stuff is depressing and scary. But it is a reality in today’s world. Let us look at some more hopeful news about bioterrorism.


Early detection of biological agents is a key to treating exposed victims and preventing the spread of diseases to others. Some scientists are trapping common insects such as bees, beetles, moths, and crickets to see whether they can be used as environmental monitors of chemical and biological agents. Others are trying to develop inexpensive and easy-to-use DNA detectors to quickly and accurately diagnose any infectious disease such as smallpox. For example, MIT biologist Todd Rider has developed a biological sensor to detect within minutes dangerous biological agents such as anthrax.


He made the sensor out of mouse immune cells by inserting a gene for antibodies for a particular biological agent (such as anthrax) along with a gene that causes a jellyfish to glow. When a biological agent activates the antibody, the immune cells of the mouse light up.


Also, treatments are available for the most common biological agents (Figure 19-16)—unless they have been genetically modified to make such treatments fail. And outbreaks can be kept under control if
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Agent


Smallpox (virus) Hemorrhagic fever (viruses) Inhalation anthrax (bacterium) Botulism (bacterium) Pneumonic plague (bacterium) Tularemia (bacterium) Fever, aches, headache, red spots on face and torso Vary but include fever, bleeding, shock, and coma Fever, chest pain, difficulty breathing, respiratory failure Blurred vision, progressive paralysis, death within 24 hours if not treated High fever, chills, headache, coughing blood, difficulty breathing, respiratory failure Fever, sore throat, weakness, respiratory stress, pneumonia Yes Yes No No Yes No


Contagious Symptoms


Vaccination within 4 days after exposure, IV hydration Ebola has no cure, antiviral riboflavin and some antibiotics may help Early treatment with Cipro and other antibiotics Equine antitoxin given early.


Intensive care, respirator Antibiotics Antibiotics


Treatment


30% Varies 90–100% 60–100% 90–100% 30–60%


Mortality (if untreated)


Yes No Yes Yes No Yes (in testing)


Existence of vaccine


Smallpox Botulism Plague Tularemia


Figure 19-16 Characteristics of common agents that might be used by terrorists as biological weapons.


hospitals stock large supplies of antibiotics and vaccines for treatment of common diseases, provide emergency and hospital workers with detection systems and protective gear, and alert doctors to the symptoms of the most common biological warfare agents.


19-5 RISK ANALYSIS


How Can We Estimate Risks? Evaluate, Compare, Decide


Scientists have developed ways to evaluate and compare risks, decide how much risk is acceptable, and find affordable ways to reduce them.


Risk analysis involves identifying hazards and evaluating their associated risks (risk assessment, Figure 19-2, left), ranking risks (comparative risk analysis), determining options and making decisions about reducing or eliminating risks (risk management, Figure 19-2, right), and informing decision makers and the public about risks (risk communication).


Statistical probabilities based on past experience, animal testing and other tests, and epidemiological studies are used to estimate risks from older technologies and chemicals. To evaluate new technologies and products, risk evaluators use more uncertain statistical probabilities, based on models rather than actual experience and testing.


Figure 19-17 lists the results of a comparative risk analysis, summarizing the greatest ecological and health risks identified by a panel of scientists acting as advisers to the U.S. Environmental Protection Agency (EPA).


The greatest risks many people face today are rarely dramatic enough to make the daily news. In terms of the number of premature deaths per year (Figure 19-18) and reduced life span, the greatest risk by far is poverty (Figure 19-19 (p. 430) and Figure 1-15, p. 17).


Its high death toll is a result of malnutrition, increased susceptibility to normally nonfatal infectious diseases, and often fatal infectious diseases from lack of access to a safe water supply.


Thus the sharp reduction or elimination of poverty would do far more to improve longevity and human health than any other measure. It would also greatly improve human rights, provide more people with income to stimulate economic development, and reduce environmental degradation and the threat of terrorism.


Sharply reducing poverty is a win-win situation for people, economies, and the environment.


After the health risks associated with poverty and gender, the greatest risks of premature death are mostly the result of unhealthful choices that people make about their lifestyles—what I referred to early in this chapter as cultural hazards (Figures 19-18 and 19-19).


By far the best ways to reduce one’s risk of premature death and serious health problem are to avoid smoking and exposure to smoke, lose excess weight, reduce consumption of foods containing cholesterol and saturated fats, eat a variety of fruits and vegetables, exercise regularly, avoid alcohol or drink no more than two drinks a day, avoid excess sunlight (which ages skin and may cause skin cancer), and have only safe sex.


How Can We Estimate Risks of Using Increasingly Complex Technology in Our Lives? A Difficult Task


Estimating risks from using certain technologies is difficult because of the unpredictability of human behavior, human error, and sabotage.


The more complex a technological system and the more people needed to design and run it, the more difficult it is to estimate the risks. The overall reliability of
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Comparative Risk Analysis Most Serious Ecological and Health Problems


High-Risk Health Problems


• Indoor air pollution • Outdoor air pollution • Worker exposure to industrial or farm chemicals • Pollutants in drinking water • Pesticide residues on food • Toxic chemicals in consumer products


High-Risk Ecological Problems


• Global climate change • Stratospheric ozone depletion • Wildlife habitat alteration and destruction • Species extinction and loss of biodiversity


Medium-Risk Ecological Problems


• Acid deposition • Pesticides • Airborne toxic chemicals • Toxic chemicals, nutrients, and sediment in surface waters


Low-Risk Ecological Problems


• Oil spills • Groundwater pollution • Radioactive isotopes • Acid runoff to surface waters • Thermal pollution


Figure 19-17 Comparative risk analysis of the most serious ecological and health problems according to scientists acting as advisers to the U.S. Environmental Protection Agency.


Risks under each category are not listed in rank order.


(Science Advisory Board, Reducing Risks, Washington, D.C.: Environmental Protection Agency, 1990)
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11 million (75)


5 million (34)


3.2 million (22)


3 million (21)


3 million (21)


1.9 million (13)


1.7 million (12)


1.1 million (8)


1 million (7)


800,000 (5)


1 million (7)


Poverty/malnutrition/ disease cycle


Cause of Death Annual Deaths


Pneumonia and flu Tobacco Air pollution HIV/AIDS Diarrhea TB Malaria Work-related injury and disease Measles Hepatitis B 1.2 million (8) Automobile accidents


Figure 19-18 Number of deaths per year in the world from various causes. Numbers in parentheses give these deaths in terms of the number of fully loaded 400-passenger jumbo jets crashing every day of the year with no survivors. Because of sensational media coverage, most people have a distorted view of the largest annual causes of death. (World Health Organization and U.S. Center for Disease Control and Prevention)


human judgment. Also, the parts in any automated control system are manufactured, assembled, tested, certified, and maintained by fallible human beings. In addition, computer software programs used to monitor and control complex systems can also contain human error or can be deliberately modified by computer viruses to malfunction.


How Useful Is Risk Analysis? A Very Difficult Task


The results of risk analysis are usually very uncertain.


Here are some of the key questions involved in evaluating the reliability of risk analysis:


How reliable are risk assessment data and models?


Sections 19-2 and 19-3)


Who profits from a risk analysis that allows certain levels of harmful chemicals into the environment, and who suffers?


Should estimates emphasize short-term risks, or should more weight be put on long-term risks? Who should make this decision?


Who should do a particular risk analysis, and who should review the results? A government agency? Independent scientists? The public?


Should cumulative effects of various risks be considered, or should risks be considered separately, as is usually done? Suppose a pesticide is found to have an annual risk of killing 1 out of 1 million through cancer, the current EPA limit. Cumulatively, however, effects from 40 such pesticides might kill 40, or 400 of every million people because of synergistic effects.


How widespread is each risk? About how many people are likely to be affected?


Should risk levels be higher for workers (as is almost always the case) than for the general public?


What say should workers and their families have in this decision?


a technological system (expressed as a percentage) or the probability expressed as a percentage that a device will complete a task without failing is the product of two factors:


System reliability (%) _Technology_


Human reliability reliability


With careful design, quality control, maintenance, and monitoring, a highly complex system such as a nuclear power plant or space shuttle can achieve a high degree of technology reliability. But human reliability usually is much lower than technology reliability and is almost impossible to predict: To err is human.


Suppose the technology reliability of a nuclear power plant is 95% (0.95) and human reliability is 75% (0.75). Then the overall system reliability is 71% (0.95 _0.75 _ 100 _ 0.71 _ 71%). Even if we could make the technology 100% reliable (1.0), the overall system reliability would still be only 75% (1.0 _ 0.75 _ 100 _ 75%).


The crucial dependence of even the most carefully designed systems on unpredictable human reliability helps explain essentially “impossible” tragedies such as the Chernobyl nuclear power plant accident and the Challenger and Columbia space shuttle accidents.


One way to make a system more foolproof or failsafe is to move more of the potentially fallible elements from the human side to the technical side.


However, chance events such as a lightning bolt can knock out an automatic control system, and no machine or computer program can completely replace


Poverty


Hazard Shortens average life span in the United States by


Born male Smoking Overweight (35%) Unmarried Overweight (15%) Spouse smoking Driving Air pollution Alcohol Drug abuse AIDS Drowning Pesticides Fire Natural radiation Medical X rays Toxic waste Flying Hurricanes, tornadoes Living lifetime near nuclear plant 7–10 years 7.5 years 6–10 years 6 years 5 years 2 years 1 year 7 months 5 months 5 months 4 months 3 months 1 month 1 month 1 month 8 days 5 days Oral contraceptives 5 days 4 days 1 day 1 day 10 hours 4 months 2 months Flu Air pollution


How much risk is acceptable, and to whom is it acceptable? According to the National Academy of Sciences, exposure to toxic chemicals is responsible for 2–4% of the 521,000 cancer deaths in the United States; this amounts to 10,400–20,800 premature cancer deaths per year. Is this acceptable and to whom?


Proponents point to the numerous advantages of risk analysis. It is a useful way to organize and analyze available scientific information, identify significant hazards, and focus on areas that need more research. It can also help regulators to decide how money for reducing risks should be allocated and to stimulate people to make more informed decisions about health and environmental goals and priorities.
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However, critics point out that results of risk analysis are very uncertain. For example, a recent study documented the significant uncertainties involved in even simple risk analysis. Eleven European governments established 11 different teams of their best scientists and engineers (including those from private companies) to assess the hazards and risks from a small plant storing only one hazardous chemical (ammonia).


The 11 teams, consisting of world-class experts analyzing this very simple system, disagreed with one another on fundamental points and varied in their assessments of the hazards by a factor of 25,000.


Such inherent uncertainty explains why regulators setting human exposure levels for toxic substances usually divide the best results by 100 to 1,000 to provide the public with a margin of safety.


How Should Risks Be Managed? A Complex and Controversial Process


Risk management involves trying to answer a number of difficult and controversial questions about whether and how to reduce a particular societal risk to a certain level and at what cost.


Risk management includes the administrative, political, and economic actions taken to decide whether and how to reduce a particular societal risk to a certain level and at what cost.


Risk management involves answering the following questions:


How reliable is the risk analysis for each risk?


Which risks to human health should be given the highest priority?


How much risk is acceptable and to whom?


How much is a life worth, and how much money should we spend per life saved? Most government risk analyses set the value of a life at about $3.7 million for all people and about $1.4 million for people over 70. How much do you believe your life is worth?


How much will it cost to reduce each risk to an acceptable level?


Figure 19-19 Comparison of risks people face, expressed in terms of shorter average life span. After poverty and gender, the greatest risks people face are mostly from the lifestyle choices they make. These are only generalized relative estimates. Individual response to some of these risks can vary with factors such as genetic variation, family medical history, emotional makeup, stress, and social ties and support. (Data from Bernard L. Cohen)


How should limited funds be spent to provide the greatest benefit?


How will the risk management plan be monitored, enforced, and communicated to the public?


Each step in this process involves making value judgments and weighing trade-offs to find some reasonable compromise among often conflicting political, economic, health, and environmental interests.


How Well Do We Perceive Risks? Most of Us Flunk


Most individuals are poor at evaluating the relative risks they face, mostly because of misleading information and irrational fears.


Most of us are not good at assessing the relative risks from the hazards that can affect us. Also, many people deny or shrug off the high-risk chances of death (or injury) from voluntary activities they enjoy, such as motorcycling (1 death in 50 participants), smoking (1 in 300 participants by age 65 for a pack-a-day smoker), hang gliding (1 in 1,250), and driving (1 in 3,300 without a seatbelt and 1 in 6,070 with a seatbelt). Indeed, the most dangerous thing most people in many countries do each day is drive or ride in a car.


Yet some of these same people may be terrified about the possibility of being killed by a gun (1 in 28,000 in the United States), flu (1 in 130,000), nuclear power plant accident (1 in 200,000), West Nile virus (1 in 1 million), lightning (1 in 3 million), commercial airplane crash (1 in 9 million), snakebite (1 in 36 million), or shark attack (1 in 281 million).


What Factors Distort Our Perceptions of Risk? Irrational Fears and Perceptions Can Take Over


Several factors can give people a distorted sense of risk.


Here are four factors that can cause people to see a technology or a product as being riskier than experts judge it to be. First is the degree of control we have. Most of us have a greater fear of things over which we do not have personal control. For example, some individuals feel safer driving their own car for long distances through heavy traffic than traveling the same distance on a plane. But look at the math. The risk of dying in a car accident while using your seatbelt is 1 in 6,070 whereas the risk of dying in a commercial airliner crash is 1 in 9 million. Can you think of another example?


Second is fear of the unknown. Most people have greater fear of a new, unknown product or technology than they do of an older and more familiar one. Examples include a greater fear of genetically modified food than of food produced by traditional plant breeding techniques, and a greater fear of nuclear power plants than of more familiar coal-fired power plants. Can you think of another example?


Third is whether or not we voluntarily take the risk. For example, we might perceive that the risk from driving, which is largely voluntary, is less than that from a nuclear power plant, which is mostly imposed on us whether we like it or not. Can you come up with another example?


Fourth is whether a risk is catastrophic, not chronic.


We usually have a much greater fear of a well publicized death toll from a single catastrophic accident rather than the same or an even larger death toll spread out over a longer time. Examples include a severe nuclear power plant accident, an industrial explosion, or an accidental plane crash, as opposed to coal-burning power plants, automobiles, and smoking. Can you think of another example?


There is also concern over the unfair distribution of risks from the use of a technology or certain chemicals.


Citizens are outraged when government officials decide to put a hazardous waste landfill or incinerator in or near their neighborhood. Even when the decision is based on careful risk analysis, it is usually seen as politics, not science. Residents will not be satisfied by estimates that the lifetime risks of cancer death from the facility are not greater than, say, 1 in 100,000. Instead, they point out that living near the facility means that they will have a much higher risk of dying from cancer than would people living farther away.


How Can You Become Better at Risk Analysis? Analyze, Compare, and Evaluate Your Lifestyle


To become better at risk analysis you can carefully evaluate the barrage of bad news, compare risks, and concentrate on reducing risks over which we have some control.


You can do three things to become better at estimating risks. First, carefully evaluate what the media presents.


Recognize that the media often give an exaggerated view of risks to capture our interest and thus sell newspapers or gain TV viewers.


Second, compare risks. Do you risk getting cancer by eating a charcoal-broiled steak once or twice a week? Yes, because in theory anything can harm you.


The question is whether this danger is great enough for you to worry about. In evaluating a risk the question is not, “Is it safe?” but rather, “How risky is it compared to other risks?”


Third, concentrate on the most serious risks to your life and health over which you have some control over and stop worrying about smaller risks and those over which you have little or no control. When you worry about something, the most important question to ask is, “Do I have any control over this?”
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For example, the top four killers of Americans (and people in many countries) are heart attacks, strokes, cancer, and accidents (many of them involving motor vehicles). You have control over major ways to reduce these risks because you decide whether to smoke, what to eat, how much exercise you get, how much alcohol you consume, your exposure to the sun’s ultraviolet rays, how safely you drive, and whether or not you practice safe sex. Concentrate on evaluating these important choices, and you will have a much greater chance of living a healthy, longer, happier, and less fearful life.


The burden of proof imposed on individuals, companies, and institutions should be to show that pollution prevention options have been thoroughly examined, evaluated, and used before lesser options are chosen.


JOEL HIRSCHORN


CRITICAL THINKING


1. Explain why you agree or disagree with the proposals for reducing the death toll and other harmful effects of smoking listed on p. 409. Do you believe that there should be a ban on smoking indoors in all public places? Explain.


2. Do you believe the precautionary approach should be used to deal with the potential harm from hormonally active agents (HAAs) while more definitive research is carried out over the next two decades? Explain. What harmful effects could using this approach have on the economy and on your lifestyle?


3. Should we have zero pollution levels for all toxic and hazardous chemicals? Explain. What are the alternatives?


4. Evaluate the following statements:


a. We should not get worked up about exposure to toxic chemicals because almost any chemical in a large enough dosage can cause some harm.


b. We should not worry so much about exposure to toxic chemicals because through genetic adaptation we can develop immunity to such chemicals.


c. We should not worry so much about exposure to toxic chemicals because we can use genetic engineering to reduce or eliminate such problems.


5. Should pollution levels be set to protect the most sensitive people in a population (Figure 19-3, left, p. 411) or the average person (Figure 19-3, middle)? Explain.


6. Should laboratory-bred animals be used in laboratory experiments in toxicology? Explain. What are the alternatives?


7. What are the five major risks you face from (a) your lifestyle, (b) where you live, and (c) what you do for a living? Which of these risks are voluntary and which are involuntary? List the five most important things you can do to reduce these risks. Which of these things do you actually plan to do?


8. Congratulations! You are in charge of a global risk–benefit analysis board to evaluate whether certain chemicals or technologies should be approved for widespread use. Explain why you would approve or disapprove each of the following: (a) drugs to slow the aging process, (b) drugs that would cause people to have unconditional love for everyone and thus have the potential to do away with hate, violence, and war, (c) genetic engineering advances that would allow parents to have genes inserted into lab-produced fetuses to produce designer babies with their desired checklist of enhanced genetic traits, (d) allowing people to have a genetic clone that they can use for spare parts to help them live longer, and (e) putting everyone in the world under constant electronic surveillance to help prevent bioterrorism.


9. Congratulations! You are in charge of the world. List the three most important features of your program to reduce the risk from exposure to (a) toxic and hazardous chemicals, (b) infectious disease organisms, and (c) viruses.


PROJECTS


1. Use the library or the Internet to find recent articles that support or refute the hormesis hypothesis.


2. Use the library or the Internet to find recent articles describing the increasing genetic resistance in disease-causing bacteria to commonly used antibiotics. Evaluate the evidence and claims in these articles.


3. Pick a specific viral disease and use the library or Internet to find out (a) how it spreads, (b) its effects, (c) strategies for controlling its spread, and (d) possible treatments.


4. Use the library or the Internet to find bibliographic information about Paracelsus and Joel Hirschorn, whose quotes appear at the beginning and end of this chapter.


5. Make a concept map of this chapter’s major ideas, using the section heads, subheads, and key terms (in boldface). Look on the website for this book for information about making concept maps.


LEARNING ONLINE


The website for this book contains study aids and many ideas for further reading and research. They include a chapter summary, review questions for the entire chapter, flash cards for key terms and concepts, a multiple-choice practice quiz, interesting Internet sites, references, and a guide for accessing thousands of InfoTrac® College Edition articles. Log on to


http://biology.brookscole.com/miller14


Then click on the Chapter-by-Chapter area, choose Chapter 19, and select a learning resource.
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