Chapter 22: Water Pollution


Case Study


Learning Nature’s Ways to Purify Sewage


Some communities and individuals are seeking better ways to purify sewage by working with nature. Ecologist John Todd designs, builds, and operates innovative ecological wastewater treatment systems called living machines (Figure 22-1).


This ecological purification process begins when sewage flows into a passive solar greenhouse or outdoor sites containing rows of large open tanks populated by an increasingly complex series of organisms.


In the first set of tanks, algae and microorganisms decompose organic wastes, with sunlight speeding up the process. Water hyacinths, cattails, bulrushes, and other aquatic plants growing in the tanks take up the resulting nutrients.


After flowing though several of these natural purification tanks, the water passes through an artificial marsh of sand, gravel, and bulrush plants to filter out algae and remaining organic wastes. Some of the plants also absorb (sequester) toxic metals such as lead and mercury and secrete natural antibiotic compounds that kill pathogens.


Next the water flows into aquarium tanks. Snails and zooplankton in these tanks consume microorganisms and are in turn consumed by crayfish, tilapia, and other fish that can be eaten or sold as bait. After 10 days, the clear water flows into a second artificial marsh for final filtering and cleansing.


The water can be made pure enough to drink by exposing it to ultraviolet light or by passing it through an ozone generator, usually immersed out of sight in an attractive pond or wetland habitat. Selling the ornamental plants, trees, and baitfish produced as byproducts of such living machines helps reduce costs.


Operating costs are about the same as for a conventional sewage treatment plant.


Some communities and industries are working with nature by using natural and artificial wetlands to purify wastewater, as discussed later in this chapter.


Water pollution is related to air pollution, land use practices, climate change, energy use, solid and hazardous waste, and the number of people, farms, and industries producing sewage and other wastes.


These connections explain the need to solve water pollution problems by integrating them with policies for the problems just listed. Otherwise, environmentalists warn we will continue to shift environmental problems from one part of the environment to another.


Figure 22-1 Solution: Ecological wastewater purification by a living machine. At the Providence, Rhode Island, Solar Sewage Treatment Plant, biologist John Todd demonstrates how ecological waste engineering in a greenhouse can be used to purify wastewater in an ecological process he invented. Todd and others are conducting research to perfect solar-aquatic sewage treatment systems based on working with nature.


Ocean Arks International


Water Pollution Control


Today everybody is downwind or downstream from somebody else.


WILLIAM RUCKELSHAUS


This chapter addresses the following questions:


What pollutes water, where do the pollutants come from, and what effects do they have?


What are the major water pollution problems of streams and lakes?


What causes groundwater pollution, and how can it be prevented?


What are the major water pollution problems of oceans?


How can we prevent and reduce surface water pollution?


How safe is drinking water, and how can it be made safer?


22-1 TYPES, EFFECTS, AND SOURCES OF WATER POLLUTION


What Are the Major Types and Effects of Water Pollutants? Unseen Threats


Infectious bacteria, inorganic and organic chemicals, and excess heat pollute water.


Water pollution is any chemical, biological, or physical change in water quality that has a harmful effect on living organisms or that makes water unsuitable for desired uses. Table 22-1 lists the major classes of water pollutants along with their major human sources and harmful effects. Study this table carefully. Note that excessive heat is considered a water pollutant.


Table 22-2 lists some common diseases that can be transmitted to humans through drinking water contaminated with infectious agents. The World Health Organization (WHO) estimates that 3.4 million people


492 CHAPTER 22 Water Pollution


Table 22-1 Major Categories of Water Pollutants


INFECTIOUS AGENTS


Examples: Bacteria, viruses, protozoa, and parasitic worms


Major Human Sources: Human and animal wastes


Harmful Effects: Disease


OXYGEN-DEMANDING


WASTES


Examples: Organic waste such as animal manure and plant debris that can be decomposed by aerobic (oxygen-requiring) bacteria


Major Human Sources:


Sewage, animal feedlots, paper mills, and food processing facilities


Harmful Effects: Large populations of bacteria decomposing these wastes can degrade water quality by depleting water of dissolved oxygen. This causes fish and other forms of oxygen-consuming aquatic life to die.


INORGANIC CHEMICALS


Examples: Water-soluble


(1) acids, (2) compounds of toxic metals such as lead (Pb), arsenic (As), and selenium (Se), and (3) salts such as sodium chloride (NaCl) in ocean water and fluorides (F–) found in some soils


Major Human Sources:


Surface runoff, industrial effluents, and household cleansers


Harmful Effects: Can: (1) make fresh water unusable for drinking or irrigation, (2) cause skin cancers and crippling spinal and neck damage (F–),  (3) damage the nervous system, liver, and kidneys (Pb and As),  (4) harm fish and other aquatic life,  (5) lower crop yields, and (6) accelerate corrosion of metals exposed to such water.


ORGANIC CHEMICALS


Examples: Oil, gasoline, plastics, pesticides, cleaning solvents, detergents


Major Human Sources: Industrial effluents, household cleansers, surface runoff from farms and yards


Harmful Effects: Can:  (1) threaten human health by causing nervous system damage (some pesticides), reproductive disorders (some solvents), and some cancers (gasoline, oil, and some solvents) and (2) harm fish and wildlife.


PLANT NUTRIENTS


Examples: Water-soluble compounds containing nitrate (NO3 –), phosphate (PO4 3–), and ammonium (NH4 +) ions


Major Human Sources:


Sewage, manure, and runoff of agricultural and urban fertilizers


Harmful Effects: Can cause excessive growth of algae and other aquatic plants, which die, decay, deplete water of dissolved oxygen, and kill fish.


Drinking water with excessive levels of nitrates lowers the oxygen-carrying capacity of the blood and can kill unborn children and infants (“bluebaby syndrome”).


SEDIMENT


Examples: Soil, silt


Major Human Sources: Land erosion


Harmful Effects: Can”: (1) cloud water and reduce photosynthesis, (2) disrupt aquatic food webs, (3) carry pesticides, bacteria, and other harmful substances, (4) settle out and destroy feeding and spawning grounds of fish, and (5) clog and fill lakes, artificial reservoirs, stream channels, and harbors.


RADIOACTIVE MATERIALS


Examples: Radioactive isotopes of iodine, radon, uranium, cesium, and thorium


Major Human Sources:


Nuclear and coal-burning power plants, mining and processing of uranium and other ores, nuclear weapons production, natural sources


Harmful Effects: Genetic mutations, miscarriages, birth defects, and certain cancers


HEAT (THERMAL


POLLUTION)


Examples: Excessive heat


Major Human Sources:


Water cooling of electric power plants and some types of industrial plants. Almost half of all water withdrawn in the United States each year is for cooling electric power plants.


Harmful Effects: Lowers dissolved oxygen levels and makes aquatic organisms more vulnerable to disease, parasites, and toxic chemicals.


When a power plant first opens or shuts down for repair, fish and other organisms adapted to a particular temperature range can be killed by the abrupt change in water temperature —known as thermal shock.


die prematurely each year from waterborne diseases.


This means that during your lunch hour about 400 people died from such diseases. Each year, diarrhea alone kills about 1.9 million people—about 90% of them children under 5 in developing countries. The number of children killed by largely preventable diarrhea in the past 10 years is greater than the number of people killed in all armed conflicts since WorldWar II.


In the United States, an estimated 1.5 million people a year become ill from infectious agents found in water and food. For example, in 1993 a protozoan parasite called Cryptosporidium contaminated the public drinking water supply in Milwaukee, Wisconsin.


About 370,000 people developed severe diarrhea and at least 100 people with weakened immune systems died.


How Do We Measure Water Quality? Biology and Chemistry in Action


Scientists monitor water quality by using bacterial counts, chemical analysis, and indicator organisms.


Scientists use a number of biological and chemical methods to measure water quality. One involves measuring the number of colonies of fecal coliform bacteria (such as various strains of Escherichia coli) present in a water sample (Figure 22-2). Various strains of these bacteria live in the colon or intestines of humans and other animals and thus are present in their fecal wastes. Although most strains of coliform bacteria do not cause disease, their presence indicates that water has been exposed to human or animal wastes that are likely to contain disease-causing agents.


To be considered safe for drinking, water should contain no colonies of coliform bacteria in a sample of 100 milliliters (about 1/2 cup). To be considered safe for swimming, it should have no more than 200 colonies per 100 milliliters. By contrast, raw sewage may contain several million coliform bacterial colonies in 100 milliliters of water.


When dangerous levels of fecal coliform bacteria are detected scientists try to determine whether the source is from humans, various types of livestock, or wild animals such as birds or raccoons. A new field of science called bacterial source tracking (BST) uses molecular biology techniques to determine subtle differences in strains of E. coli based on their animal host.
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Table 22-2 Common Diseases Transmitted to Humans Through Contaminated Drinking Water


Type of Organism Disease Effects


Bacteria Typhoid fever Diarrhea, severe vomiting, enlarged spleen, inflamed intestine; often fatal if untreated Cholera Diarrhea, severe vomiting, dehydration; often fatal if untreated Bacterial dysentery Diarrhea; rarely fatal except in infants without proper treatment Enteritis Severe stomach pain, nausea, vomiting; rarely fatal Viruses Infectious hepatitis Fever, severe headache, loss of appetite, abdominal pain, jaundice, enlarged liver; rarely fatal but may cause permanent liver damage Parasitic protozoa Amoebic dysentery Severe diarrhea, headache, abdominal pain, chills, fever; if not treated can cause liver abscess, bowel perforation, and death Giardiasis Diarrhea, abdominal cramps, flatulence, belching, fatigue Parasitic worms Schistosomiasis Abdominal pain, skin rash, anemia, chronic fatigue, and chronic general ill health


Figure 22-2 Fecal coliform bacteria test is used to indicate the likely presence of disease-causing bacteria in water. It is carried out by passing a water sample through a filter, placing the filter disk on a growth medium that supports coliform bacteria (such as E. coli) for 24 hours, and then counting the number of colonies of coliform bacteria (shown as clumps in the figure).


The level of dissolved oxygen is related to the amount of oxygen-demanding wastes, so called because they are broken down by oxygen-requiring bacteria, and plant nutrients in a sample of water (Figure 22-3). Scientists also measure the biological oxygen demand (BOD), the amount of dissolved oxygen consumed by aquatic decomposers.


They also use chemical analysis to determine the presence and concentrations of inorganic and organic chemicals that pollute water. They measure sediment content by evaporating the water in a sample and weighing the resulting sediment. Suspended sediment clouds water. Scientists use an instrument called a colorimeter to measure the turbidity or clarity (transparency) of a water sample.


Scientists can also monitor water pollution by using living organisms as indicator species. For example, they remove aquatic plants such as cattails and analyze them to determine pollution in areas contaminated with fuels, solvents, and other organic chemicals.


Bottom-dwelling species such as mussels that feed by filtering water through their bodies can also be analyzed to determine water quality.


Genetic engineers are working to develop bacteria and yeasts (single-celled fungi) that fluoresce or glow in the presence of specific pollutants such as toxic heavy metals in the ocean, toxins in the air from chemical weapons, and carcinogens in food. This development of biomonitors or biosensors is a rapidly growing field that might interest you as a career choice.


What Are Point and Nonpoint Sources of Water Pollution? Concentrated and Diffuse Sources


Water pollution can come from single sources or a variety of dispersed sources.


Point sources discharge pollutants at specific locations through drain pipes, ditches, or sewer lines into bodies of surface water (Figure 22-4). Examples include factories, sewage treatment plants (which remove some but not all pollutants), underground mines, and oil tankers.
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Water Quality DO (ppm) at 20°C


Good Slightly polluted Moderately polluted Heavily polluted Gravely polluted 8–9 6.7–8 4.5–6.7 Below 4.5 Below 4


Figure 22-3 Water quality and dissolved oxygen (DO) content in parts per million (ppm) at 20°C (68°F). Only a few fish species can survive in water with less than 4 ppm of dissolved oxygen at this temperature.


Urban streets Rural homes Cropland Animal feedlot Factory Suburban development Wastewater treatment plant


NONPOINT SOURCES POINT SOURCES Figure 22-4 Natural capital degradation:


point and nonpoint sources of water pollution.


It is much easier to identify and control point sources than more dispersed nonpoint sources.


Because point sources are at specific places, they are easy to identify, monitor, and regulate. Most developed countries control point-source discharges of many harmful chemicals into aquatic systems. But there is little control of such discharges in most developing countries.


Nonpoint sources are scattered and diffuse and cannot be traced to any single site of discharge (Figure 22-4). Examples include acid deposition and runoff of chemicals into surface water from croplands, livestock feedlots, logged forests, urban streets, lawns, golf courses, and parking lots. There has been little progress in controlling water pollution from nonpoint sources because of the difficulty and expense of identifying and controlling discharges from so many diffuse sources.


What Are the Major Sources of Water Pollution? Supplying Food and Goods


The leading sources of water pollution are agriculture, industries, and mining.


Agricultural activities are by far the leading cause of water pollution. Sediment eroded from agricultural lands and overgrazed rangeland is the largest source.


Other major agricultural pollutants include fertilizers and pesticides, bacteria from livestock and food processing wastes, and excess salt from soils of irrigated cropland.


Industrial facilities are another large source of water pollution. Mining is a third source. Surface mining disturbs the earth’s surface, creating a major source of eroded sediments and runoff of toxic chemicals. Acidic compounds draining from active and abandoned subsurface and surface mines into streams can kill fish and other aquatic life (Figure 16-14, p. 344).


Is the Water Safe to Drink? For Most but Not All


One of every five people in the world lack access to safe drinking water.


Good news. About 95% of the people in developed countries and 74% of those in developing countries have access to clean drinking water.


Bad news. According to the WHO, about 1.4 billion people in developing countries do not have access to clean drinking water. As a result, each day about 9,300 people die prematurely from infectious diseases spread by contaminated water or the lack of water for adequate hygiene.


The United Nations estimates it would cost about $23 billion a year over 8–10 years to bring low-cost safe water and sanitation to the people in the world who do not have it. If developed countries paid half of that cost, it would amount to an average of $19 a year for each person in such countries.


Connections: How Might Projected Climate Change Affect Water Quality? More Pollution


In a warmer world, too much rain and too little rain can increase water pollution.


Global warming projections include changes in precipitation: some areas will get much more precipitation and other areas will get less. A moisture-laden atmosphere generates more intense downpours, which can flush more harmful chemicals, plant nutrients, and microorganisms into waterways. Massive flooding can spread disease-carrying pathogens by contaminating water treatment facilities and wells. It can also cause lagoons that store animal wastes, as well sewer lines that carry both sewage and storm runoff, to overflow and release raw sewage into rivers and streams.


Prolonged drought can reduce river flows that dilute wastes. It can also spread infectious diseases more rapidly among people who lack enough water to stay clean. Warmer water temperatures can threaten aquatic life by reducing dissolved oxygen levels, and can increase the growth rates of populations of harmful bacteria.


22-2 POLLUTION OF FRESHWATER STREAMS


What Are the Water Pollution Problems of Streams? Pollution Overload and Low Flow


Flowing streams can recover from a moderate level of degradable water pollutants if their flows are not reduced.


Rivers and other flowing streams can recover rapidly from moderate levels of degradable, oxygen-demanding wastes and excess heat through a combination of dilution and biodegradation of such wastes by bacteria.


But this natural recovery process does not work when streams are overloaded with pollutants or when drought, damming, or water diversion for agriculture and industry reduce their flows. Also, these natural dilution and biodegradation processes do not eliminate slowly degradable and nondegradable pollutants.


In a flowing stream, the breakdown of degradable wastes by bacteria depletes dissolved oxygen and creates an oxygen sag curve (Figure 22-5, p. 496). This reduces or eliminates populations of organisms with high oxygen requirements until the stream is cleansed of wastes.
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The depth and width of the oxygen sag curve and thus the time and distance needed for a stream to recover depend on several factors. They include the volume of incoming degradable wastes and the stream’s volume, flow rate, temperature, and pH level. Similar oxygen sag curves can be plotted when heated water from industrial and power plants is discharged into streams.


What Have Developed Countries Done to Reduce Stream Pollution? Good and Bad News


Most developed countries have sharply reduced point-source pollution, but toxic chemicals and pollution from nonpoint sources are still problems.


Water pollution control laws enacted in the 1970s have greatly increased the number and quality of wastewater treatment plants in the United States and most other developed countries. Such laws also require industries to reduce or eliminate point-source discharges into surface waters.


These efforts have enabled the United States to hold the line against increased pollution by disease-causing agents and oxygen-demanding wastes in most of its streams. This is an impressive accomplishment given the rise in the country’s economic activity, resource consumption, and population since passage of these laws.


One success story is the cleanup of Ohio’s Cuyahoga River. It was so polluted that in 1959 and again in 1969 it caught fire and burned for several days as it flowed through Cleveland. The highly publicized image of this burning river prompted elected officials to enact laws limiting the discharge of industrial wastes into the river and sewage systems and provide funds to upgrade sewage treatment facilities. Today the river is cleaner and is widely used by boaters and anglers. This accomplishment illustrates the power of bottom-up pressure by citizens to spur elected officials to change a severely polluted river into an economically and ecologically valuable public resource. Individuals matter!


Another spectacular cleanup occurred in Great Britain. In the 1950s, the Thames River was little more than a flowing anaerobic sewer. Now, after more than 45 years of effort and hundreds of millions of dollars spent by British taxpayers and private industry, the Thames has made a remarkable recovery. Commercial fishing is thriving and the number of fish species has increased 20-fold since 1960. In addition, many species of waterfowl and wading birds have returned to their former feeding grounds.


There is also some bad news. Large fish kills and drinking water contamination still occur in parts of de-
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Normal clean water organisms(Trout, perch, bass, mayfly, stonefly) Normal clean water organisms(Trout, perch, bass, mayfly, stonefly) Trash fish(carp, gar, leeches) Trash fish(carp, gar, leeches) Fish absent, fungi, sludge worms, bacteria(anaerobic) Clean Zone Clean Zone Decomposition Zone Septic Zone Recovery Zone Types of organisms Dissolved oxygen(ppm) Biological oxygen demand 8 ppm 8 ppm


Figure 22-5 Natural capital: dilution and decay of degradable, oxygen-demanding wastes and heat in a stream, showing the oxygen sag curve (blue) and the curve of oxygen demand (red). Depending on flow rates and the amount of pollutants, streams recover from oxygen-demanding wastes and heat if they are given enough time and are not overloaded.


veloped countries. Two causes of these problems are accidental or deliberate releases of toxic inorganic and organic chemicals by industries or mines and malfunctioning sewage treatment plants. A third cause is nonpoint runoff of pesticides and excess plant nutrients from cropland and animal feedlots.


What Have Developing Countries Done to Reduce Stream Pollution? Little Progress


Stream pollution in most developing countries is a serious and growing problem.


Available data indicate that stream pollution from discharges of untreated sewage and industrial wastes is a serious and growing problem in most developing countries. According to a 2003 report by the World Commission on Water in the 21st Century, half of the world’s 500 major rivers are heavily polluted, most of them running through developing countries. Most of these countries cannot afford to build waste treatment plants and do not have or do not enforce laws for controlling water pollution.


Industrial wastes and sewage pollute more than two-thirds of India’s water resources (Case Study, below) and 54 of the 78 streams monitored in China.


Only about 10% of the sewage produced in Chinese cities is treated. In Latin America and Africa, most streams passing through urban or industrial areas suffer from severe pollution.


Case Study: India’s Ganges River: Religion, Poverty, and Health


Religious beliefs, cultural traditions, poverty, little economic development, and a large population interact to cause severe pollution of the Ganges River in India.


To India’s Hindu people, the Ganges is a holy river.


Each day more than 1 million Hindus bathe or take a “holy dip” in the river. Many people also drink its water and use it to wash their clothes.


Bad news. The Ganges is highly polluted. About 350 million people—one-third of the country’s population —live in the Ganges River basin. Very little of the sewage produced by these people and by the industries and 29 large cities in the basin is treated.


This situation is complicated by the Hindu belief in cremating the dead to free the soul and throwing the ashes in the holy Ganges to increase the chances of the soul getting into heaven. Traditionally, wood fires burn most bodies in the open air. This creates air pollution and helps deplete India’s forests.


It also causes water pollution because many people cannot afford enough wood for cremation. As a result, many bodies are dumped into the river without cremation or are only partially burned. Decomposition of these bodies depletes dissolved oxygen and adds disease-carrying bacteria and viruses to the water. This problem is expected to get worse because about 19 million people are added to India’s population each year—about a third of them to the Ganges River basin.


Good news. The Indian government has launched a plan to help clean up the river. It involves building waste treatment plants in the basin’s 29 large cities and constructing 32 electric crematoriums along the banks of the river that can burn bodies more efficiently and at a lower cost than wood cremation. The government also introduced 25,000 snapping turtles to devour corpses.


Bad news. Most of the sewage treatment plants are not completed or do not work very well and only a few of the crematoriums have been completed. There is also concern that many Hindus will not abandon the traditional ritual of wood cremation or will not be able to afford any type of cremation.


This situation shows how religious and cultural conditions and poverty can affect environmental problems and solutions to such problems.


22-3 POLLUTION OF FRESHWATER LAKES


Why Are Lakes and Reservoirs More Vulnerable to Pollution than Most Streams? Too Little Flow and Mixing


Dilution of pollutants in lakes is less effective than in most streams because most lake water is not mixed well and has little flow.


In lakes and reservoirs, dilution of pollutants often is less effective than in streams for two reasons. One is that lakes and reservoirs often contain stratified layers that undergo little vertical mixing. The other is that they have little flow. The flushing and changing of water in lakes and large artificial reservoirs can take from 1 to 100 years, compared with several days to several weeks for streams.


This means that lakes and reservoirs are more vulnerable than streams to contamination by runoff or discharge of plant nutrients, oil, pesticides, and toxic substances such as lead, mercury, and selenium. These contaminants can kill bottom life and fish and birds that feed on contaminated aquatic organisms. Many toxic chemicals and acids also enter lakes and reservoirs from the atmosphere.


As they pass through food webs in lakes, the concentrations of some chemicals can be biologically magnified.


Examples include DDT (Figure 19-4, p. 411), PCBs (Figure 22-6, p. 498), some radioactive isotopes, and some mercury compounds.
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What Is Cultural Eutrophication and How Can It Be Reduced? Too Much of a Good Thing


Various human activities can overload lakes with plant nutrients, which decrease dissolved oxygen and kill some aquatic species.


Eutrophication is the name given to the natural nutrient enrichment of lakes, mostly from runoff of plant nutrients such as nitrates and phosphates from surrounding land. Over time, some lakes become more eutrophic (Figure 7-17, right, p. 139), but others do not because of differences in the surrounding drainage basins.


An increase in plant nutrients can be beneficial to populations of floating phytoplankton that feed aquatic organisms. In turn, this can increase the growth rate and abundance of some fish and other desirable species.


But excessive inputs of nutrients can upset aquatic ecosystems. Near urban or agricultural areas, human activities can greatly accelerate the input of plant nutrients to a lake. This process is called cultural eutrophication. It is mostly nitrate- and phosphate containing effluents from various sources that cause such a change (Figure 22-7).


During hot weather or drought, this nutrient overload produces dense growths or “blooms” of organisms such as algae and cyanobacteria and thick growths of water hyacinths, duckweed, and other aquatic plants. These dense colonies of plant life can reduce lake productivity and fish growth by decreasing the input of solar energy needed for photosynthesis.


In addition, when the algae die, their decomposition by swelling populations of aerobic bacteria depletes dissolved oxygen in the surface layer of water near the shore and in the bottom layer. This oxygen depletion can kill fish and other aerobic aquatic animals. If excess nutrients continue to flow into a lake, anaerobic bacteria take over and produce gaseous decomposition products such as smelly, highly toxic hydrogen sulfide and flammable methane.


According to the U.S. Environmental Protection Agency (EPA), about one-third of the 100,000 medium to large lakes and about 85% of the large lakes near major population centers in the United States have some
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Water 0.000002 ppm Herring gull 124 ppm Lake trout 4.83 ppm Rainbow smelt 1.04 ppm Zooplankton 0.123 ppm Phytoplankton 0.0025 ppm Herring gull eggs 124 ppm


Figure 22-6 Biological magnification of PCBs (polychlorinated biphenyls) in an aquatic food chain in the Great Lakes. Most of the 209 different PCBs are insoluble in water, soluble in fats, and resistant to biological and chemical degradation— properties that result in their accumulation in the tissues of organisms and their biological amplification in food chains and webs. Although the long-term health effects on people exposed to low levels of PCBs are unknown, high doses of PCBs in laboratory animals produce liver and kidney damage, gastric disorders, birth defects, skin lesions, hormonal changes, smaller penis size, and tumors. Boys in Taiwan exposed to PCBs while in their mothers’ wombs developed abnormally small penises. In the United States, manufacture and use of PCBs have been banned since 1976. Before then, millions of metric tons of these long-lived chemicals were released into the environment. Many of them still exist in bottom sediments of lakes, streams, and oceans.


degree of cultural eutrophication. One-fourth of the lakes in China also suffer from cultural eutrophication.


Cultural eutrophication also occurs in marine ecosystems, especially in coastal waters and partially enclosed estuaries and bays. It also affects enclosed seas, such as the Mediterranean, Baltic, and Black Seas.


There are several ways to prevent or reduce cultural eutrophication. They include using advanced (but expensive) waste treatment systems to remove nitrates and phosphates before wastewater enters lakes, banning or limiting the use of phosphates in household detergents and other cleaning agents, and using soil conservation and land-use control to reduce nutrient runoff.


There are also several ways to clean up lakes suffering from cultural eutrophication. Examples are mechanically removing excess weeds, controlling undesirable plant growth with herbicides and algicides, and pumping air through lakes and reservoirs to avoid oxygen depletion (an expensive and energy-intensive method).


As usual, pollution prevention is more effective and usually is cheaper in the long run than cleanup.


Good news. If excessive inputs of plant nutrients are stopped, a lake can usually return to its previous state (see the two case studies that follow).


Case Study: Lake Washington—A Success Story


Lake Washington near Seattle has recovered from severe cultural eutrophication.


Lake Washington in the metropolitan area of Seattle is a success story of recovery from severe cultural eutrophication caused by decades of sewage and other inputs.


Recovery took place within about 4 years after the sewage was diverted into the nearby Puget Sound.


This worked for three reasons. First, a large body of water (Puget Sound) with a rapid rate of exchange involving Pacific Ocean waters was available to receive and dilute the sewage wastes. Second, the lake had not yet filled with weeds and sediment, because of its large size and depth. Third, preventive action was taken before the lake had become a shallow, highly eutrophic lake. Today, the lake’s water quality is good.
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Discharge of untreated municipal sewage (nitrates and phosphates)


Natural runoff (nitrates and phosphates) Inorganic fertilizer runoff (nitrates and phosphates)


Manure runoff from feedlots (nitrates, phosphates, ammonia) Runoff from streets, lawns, and construction lots (nitrates and phosphates) Runoff and erosion (from cultivation, mining, construction, and poor land use) Discharge of detergents (phosphates)


Dissolving of nitrogen oxides (from internal combustion engines and furnaces)


Discharge of treated municipal sewage (primary and secondary treatment: nitrates and phosphates) Lake ecosystem nutrient overload and breakdown of chemical cycling Nitrogen compounds produced by cars and factories


Figure 22-7 Natural capital degradation: principal sources of nutrient overload causing cultural eutrophication in lakes and coastal areas. The amount of nutrients from each source varies according to the types and amounts of human activities occurring in each air shed and watershed. The enlarged populations of algae and plants (stimulated by increased nutrient input) die. Then their decomposition by aerobic bacteria lowers levels of dissolved oxygen. This can kill fish and other aquatic life and reduce biodiversity and the aesthetic and recreational value of the lake.


Bad news. Now the Puget Sound is in trouble. There is growing concern about increased urban runoff caused by the area’s rapidly growing population, overflows of raw sewage, and large inputs of toxic materials into the sound.


Taking pollution from one place (Lake Washington) and putting it somewhere else (Puget Sound) is an output approach that can be overwhelmed by a combination of more people and more wastes. The way out is to prevent most wastes from reaching either of these two bodies of water.


Case Study: Pollution in the Great Lakes— Hopeful Progress


Pollution of the Great Lakes has dropped significantly but there is a long way to go.


The five interconnected Great Lakes of North America (Figure 22-8) formed about 10,500 years ago when retreating glaciers melted and poured water into the land basins carved out by the slowly moving glaciers.


These lakes contain at least 95% of the fresh surface water in the United States and one-fifth of the world’s fresh surface water.


The Great Lakes basin is also home for about 30% of the Canadian population and 14% of the U.S. population.


At least 38 million people obtain their drinking water from these lakes.


Despite their enormous size, these lakes are vulnerable to pollution from point and nonpoint sources.


One reason is that less than 1% of the water entering these lakes flows out to the St. Lawrence River each year. Another reason is that in addition to land runoff these lakes get atmospheric deposition of large quanti-
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Figure 22-8 Natural capital degradation: the Great Lakes basin and the locations of some of its water quality problems. The Great Lakes region is dotted with several hundred abandoned toxic waste sites listed by the EPA as Superfund sites to receive cleanup priority. (Data from U.S. Environmental Protection Agency)


ties of acids, pesticides, and other toxic chemicals, often blown in from hundreds or thousands of kilometers away.


By the 1960s, many areas of the Great Lakes were suffering from severe cultural eutrophication, huge fish kills, and contamination from bacteria and a variety of toxic industrial wastes. The impact on Lake Erie was particularly intense because it is the shallowest of the Great Lakes and has the highest concentrations of people and industrial activity along its shores. Many bathing beaches had to be closed, and by 1970 the lake had lost most of its native fish.


Since 1972, Canada and the United States have joined forces and spent more than $20 billion on a Great Lakes pollution control program. This program has decreased algal blooms, increased dissolved oxygen levels and sport and commercial fishing catches in Lake Erie, and allowed most swimming beaches to reopen.


These improvements occurred mainly because of new or upgraded sewage treatment plants, better treatment of industrial wastes, and bans on use of detergents, household cleaners, and water conditioners that contained phosphates.


Despite this important progress many problems remain. Each August a large zone severely depleted of dissolved oxygen is likely to stretch across the center of Lake Erie. The oxygen-poor water in this zone kills fish and microorganisms that support the lake’s food web. During the last 10 years, the time that the zone lasts has increased from two weeks to a month and scientists do not know why. Possible causes include oxygen depletion by zebra mussels (Case Study, p. 267), undetected inputs of phosphates from fertilizers through storm runoff sewers, an unknown naturally occurring cycle, or climate change.


More bad news. According to a 2000 survey by the EPA, more than three-fourths of the shoreline of the Great Lakes is not clean enough for swimming or for supplying drinking water. The EPA and Environment Canada have identified 43 highly polluted shoreline areas. Nonpoint land runoff of pesticides and fertilizers from urban sprawl now surpasses industrial pollution as the greatest threat to the lakes. Sediments in 26 toxic hot spots (Figure 22-8) remain heavily polluted.


About half of the toxic compounds entering the lakes come from atmospheric deposition of pesticides, mercury from coal-burning plants, and other toxic chemicals from as far away as Mexico and Russia.


Toxic chemicals such as PCBs have built up in food chains and webs (Figure 22-6), contaminating many types of sport fish and depleting populations of birds, river otters, and other animals feeding on contaminated fish. A recent survey by Wisconsin biologists found that one fish in four taken from the Great Lakes is unsafe for human consumption. Another problem has been an 80% drop in EPA funding for cleanup of the Great Lakes since 1992.


Some environmentalists call for banning the use of toxic chlorine compounds such as bleach in the pulp and paper industry around the Great Lakes. They would also ban new incinerators (which can release toxic chemicals into the atmosphere) in the area, and they would stop the discharge into the lakes of 70 toxic chemicals that threaten human health and wildlife. Officials in the industries involved have successfully opposed such bans.


22-4 POLLUTION OF GROUNDWATER


Why Is Groundwater Pollution Such a Serious Problem? Not Easily Cleaned


Groundwater can become contaminated with a variety of chemicals because it cannot effectively cleanse itself and dilute and disperse pollutants.


According to many scientists, a serious threat to human health is the out-of-sight pollution of groundwater, a prime source of water for drinking and irrigation.


Studies show that groundwater pollution comes from numerous sources (Figure 22-9, p. 502). People who dump or spill gasoline, oil, and paint thinners and other organic solvents onto the ground also contaminate groundwater.


Although experts rate groundwater pollution as a low-risk ecological problem, they consider pollutants in drinking water (much of it from groundwater) a high-risk health problem. Once a pollutant from a leaking underground tank or other source contaminates groundwater it permeates the nearby porous layers of sand, gravel, or bedrock in the aquifer like water saturating a sponge. This makes removal of the contaminant difficult and costly.


Then the contaminated water slowly flows through the aquifer and creates a widening plume of contaminated water. If this plume reaches a well used to extract groundwater, the polluted water can get into drinking water and into water used to irrigate crops.


When groundwater becomes contaminated, it cannot cleanse itself of degradable wastes as flowing surface water does (Figure 22-5). One reason is that groundwater flows so slowly—usually less than 0.3 meter or 1 foot per day—that contaminants are not diluted and dispersed effectively. Another problem is that groundwater usually has much lower concentrations of dissolved oxygen (which helps decompose many contaminants) and smaller populations of decomposing bacteria. Also, the usually cold temperatures of groundwater slow down chemical reactions that decompose wastes.
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Coal strip mine runoff Waste lagoon Landfill Accidental spills Unconfined freshwater aquifer Confined freshwater aquifer Cesspool, septic tank Leakage from faulty casing Discharge Confined aquifer Groundwater flow Buried gasoline and solvent tanks Sewer Water pumping well Gasoline station Hazardous waste injection well Pumping well Pesticides and fertilizers Deicing road salt Polluted air


Thus it can take hundreds to thousands of years for contaminated groundwater to cleanse itself of degradable wastes. On a human time scale, nondegradable wastes (such as toxic lead, arsenic, and fluoride) are there permanently.


What Is the Extent of Groundwater Pollution? Uncertain Overall but Serious in Some Areas


Leaks from chemical storage ponds, underground storage tanks and well piping, and seepage of agricultural fertilizers can contaminate groundwater.


On a global scale we do not know much about groundwater pollution because few countries go to the great expense of locating, tracking, and testing aquifers. But scientific studies in scattered parts of the world provide us with some bad news.


According to the EPA and the U.S. Geological Survey, one or more organic chemicals contaminate about 45% of municipal groundwater supplies in the United States. An EPA survey of 26,000 industrial waste ponds and lagoons in the United States found that one-third of them had no liners to prevent toxic liquid wastes from seeping into aquifers. One-third of these sites are within 1.6 kilometers (1 mile) of a drinking water well.


The U.S. General Accounting Office estimated in 2002 that at least 76,000 underground tanks storing gasoline, diesel fuel, home heating oil, and toxic solvents were leaking their contents into groundwater in the United States (Figure 22-9). In California’s Silicon Valley, where electronics industries use underground tanks to store a variety of organic solvents, local authorities found leaks in 85% of the tanks they inspected.


During this century, scientists expect many of the millions of underground tanks installed around the world in recent decades to corrode, leak, contaminate groundwater, and become a major global health problem.


Determining the extent of a leak from a single underground tank can cost $25,000–250,000, and cleanup costs range from $10,000 to more than $250,000. If the chemical reaches an aquifer, effective cleanup is often not possible or is too costly. Bottom line: wastes we think we have thrown away or stored safely can escape and come back to haunt us.


According to the WHO, an estimated 70 million people in northern China and 30 million in northwest-


502 CHAPTER 22 Water Pollution


Figure 22-9 Natural capital degradation: principal sources of groundwater contamination in the United States. Another source is saltwater intrusion from excessive groundwater withdrawal (Figure 15-17, p. 320).


ern India drink groundwater contaminated with high levels of naturally occurring fluoride (F_). This can cause crippling backbone and neck damage and a variety of dental problems.


Groundwater used as a source of drinking water can also be contaminated with nitrate ions (NO3


_), especially in agricultural areas where nitrates in fertilizer can be leached into groundwater. Nitrite ions (NO2 _) in the stomach, colon, and bladder can convert some of the nitrate ions in drinking water to organic compounds, which can cause cancer in various organs in more than 40 test animal species. The conversion of nitrates in tap water to nitrites in infants under 6 months old can cause a potentially fatal condition known as “blue baby syndrome,” in which blood lacks the ability to carry sufficient oxygen to body cells.


Toxic arsenic (As) contaminates drinking water when a well is drilled into aquifers where soils and rock are naturally rich in arsenic. According to the WHO, more than 112 million people are drinking water with arsenic levels 5–100 times the WHO standard of 10 parts per billion (ppb). They include an estimated 30 million people in Bangladesh, 6 million in India’s state of West Bengal, and 6 million in China. According to estimates by the WHO, long-term exposure to arsenic in drinking water is likely to cause 200,000–270,000 premature deaths from cancer of the skin, bladder, and lung in Bangladesh alone.


Good news. The United Nations Children’s Fund (UNICEF) and several nongovernmental organizations in Bangladesh have started a program to evaluate wells serving several million people to identify those contaminated with arsenic and mark them with red paint.


Arsenic can also be released into the air and water by coal burning, copper and lead smelting, municipal trash incinerators, landfills containing arsenic-laden ash produced by coal-burning power plants, and use of certain arsenic-containing pesticides.


The international standard for arsenic in drinking water of 10 ppb was adopted in 1993 by the WHO and in 1998 by the European Union, and becomes the standard in the United States in 2006.


But according to the WHO and other scientists, even the 10-ppb standard is not safe. A 2001 study by the U.S. National Academy of Sciences found that routinely drinking water with arsenic levels of even 3 ppb poses a 1 in 1,000 risk of developing bladder or lung cancer. Many scientists call for lowering the standard to 3–5 ppb, but this would be very expensive.


Solutions: How Can We Protect Groundwater?


Monitor and Say No


Prevention is the most effective and affordable way to protect groundwater from pollutants.


Figure 22-10 lists ways to prevent and clean up groundwater contamination. Treating a contaminated aquifer involves eliminating the source of pollution and drilling monitoring wells to determine how far, in what direction, and how fast the contaminated plume is moving. Then a computer model is used to project future dispersion of the contaminant in the aquifer.


The final step is to develop and implement a strategy to clean up the contamination (Figure 22-10, right).


This time-consuming and expensive process is somewhat like a blind surgeon trying to find and remove a cancer in your body before it grows too large.


Because of the difficulty and expense of cleaning up a contaminated aquifer, preventing contamination is the most effective and cheapest way to protect groundwater resources (Figure 22-10, left).


Underground tanks in the United States and a number of other developed countries are now strictly regulated. In the United States, thousands of old leaking tanks from gasoline stations and other facilities have been removed and the surrounding soil and groundwater have been treated to remove gasoline.


This is expensive but there is little choice because the groundwater has already been contaminated.
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Solutions Groundwater Pollution


Prevention Cleanup


Pump to surface, clean, and return to aquifer (very expensive) Inject microorganisms to clean up contamination (less expensive but still costly) Pump nanoparticles of inorganic compounds to remove pollutants (may be the cheapest, easiest, and most effective method but is still being developed) Find substitutes for toxic chemicals Keep toxic chemicals out of the environment Install monitoring wells near landfills and underground tanks Require leak detectors on underground tanks Ban hazardous waste disposal in landfills and injection wells Store harmful liquids in aboveground tanks with leak detection and collection systems


Figure 22-10 Solutions: methods for preventing and cleaning up contamination of groundwater. Which two of these solutions do you believe are the most important?


22-5 OCEAN POLLUTION


How Much Pollution Can the Oceans Tolerate?


We Do Not Know


Oceans can disperse and break down large quantities of degradable pollutants if they are not overloaded.


The oceans can dilute, disperse, and degrade large amounts of raw sewage, sewage sludge, oil, and some types of degradable industrial waste, especially in deep-water areas. Also, some forms of marine life have been affected less by some pollutants than expected.


This has led some scientists to suggest it is safer to dump sewage sludge and most other harmful wastes into the deep ocean than to bury them on land or burn them in incinerators. Other scientists disagree, pointing out we know less about the deep ocean than we do about the moon. They add that dumping harmful wastes in the ocean would delay urgently needed pollution prevention and promote further degradation of this vital part of the earth’s life-support system.


How Do Pollutants Affect Coastal Areas?


More People and Development Equal More Pollution


Pollution of coastal waters near heavily populated areas is a serious problem.


Coastal areas—especially wetlands and estuaries, coral reefs, and mangrove swamps—bear the brunt of our enormous inputs of pollutants and wastes into the ocean (Figure 22-11). This is not surprising because about 40% of the world’s population lives on or within
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Industry


Nitrogen oxides from autos and smokestacks, toxic chemicals, and heavy metals in effluents flow into bays and estuaries.


Cities


Toxic metals and oil from streets and parking lots pollute waters; sewage adds nitrogen and phosphorus.


Urban sprawl


Bacteria and viruses from sewers and septic tanks contaminate shellfish beds and close beaches; runoff of fertilizer from lawns adds nitrogen and phosphorus.


Construction sites


Sediments are washed into waterways, choking fish and plants, clouding waters, and blocking sunlight.


Farms


Runoff of pesticides, manure, and fertilizers adds toxins and excess nitrogen and phosphorus.


Red tides


Excess nitrogen causes explosive growth of toxic microscopic algae, poisoning fish and marine mammals.


Healthy zone


Clear, oxygen-rich waters promote growth of plankton and sea grasses, and support fish.


Oxygen-depleted zone


Sedimentation and algae overgrowth reduce sunlight, kill beneficial sea grasses, use up oxygen, and degrade habitat.


Toxic sediments


Chemicals and toxic metals contaminate shellfish beds, kill spawning fish, and accumulate in the tissues of bottom feeders.


Oxygen-depleted zone Closed beach Closed shellfish beds


Figure 22-11 Natural capital degradation: how residential areas, factories, and farms contribute to the pollution of coastal waters and bays. According to the UN Environment Programme, coastal water pollution costs the world $16 billion annually—$731,000 a minute—due to ill health and premature death.


100 kilometers (62 miles) of the coast and 14 of the world’s 15 largest metropolitan areas (each with 10 million people or more) are near coastal waters.


In most coastal developing countries and in some coastal developed countries, municipal sewage and industrial wastes are dumped into the sea without treatment.


For example, about 85% of the sewage from large cities along the Mediterranean Sea (with a coastal population of 200 million people during tourist season) is discharged into the sea untreated. This causes widespread beach pollution and shellfish contamination.


Recent studies of some U.S. coastal waters have found vast colonies of human viruses from raw sewage, effluents from sewage treatment plants (which do not remove viruses), and leaking septic tanks. According to one study, about one-fourth of the people using coastal beaches in the United States develop ear infections, sore throats, eye irritations, respiratory disease, or gastrointestinal disease.


Runoffs of sewage and agricultural wastes into coastal waters introduce large quantities of nitrate (NO3_) and phosphate (PO4 3_) plant nutrients, which can cause explosive growth of harmful algae. These harmful algal blooms (HABs) are called red, brown, or green toxic tides, depending on their color. They can release waterborne and airborne toxins that damage fisheries, kill some fish-eating birds, reduce tourism, and poison seafood.


According to a 2004 report by the U.N. Environment Programme, each year some 150 large oxygen-depleted zones (sometimes inaccurately called dead zones) form mostly in temperate coastal waters and in landlocked seas such as the Baltic and Black Seas. These zones result from excessive nonpoint inputs of fertilizers and animal wastes from land runoff and deposition of nitrogen compounds from the atmosphere. This cultural eutrophication depletes dissolved oxygen. Without oxygen most of the aquatic life (except bacteria) dies or moves elsewhere. The biggest such zone in U.S. waters and the second largest in the world forms every summer in a narrow stretch of the Gulf of Mexico off the mouth of the Mississippi River (Figure 22-12).


Promising news. Scientists in Asia and elsewhere are experimenting with adding certain types of fine clay to the water to help control algal blooms. The idea is to find clay with particles fine and heavy enough to stick to the algae and remove them by weighing them down like microanchors. More tests are needed to determine the effectiveness of the method and to be sure that the clay particles do not harm other aquatic organisms.


The enclosed Baltic Sea is highly polluted because it receives runoff and air pollutants from a huge area with more than 70 million people and 15% of the world’s industrial production. Good news. In 1980, the countries surrounding the Baltic Sea signed the Helsinki Convention—the world’s first international agreement to reduce marine pollution. Despite some limitations, this agreement serves as an example of how countries can work together to help reduce common water pollution problems.


Preventive measures for reducing the number and size of such oxygen-depleted zones include reducing nitrogen inputs from various sources (Figure 22-7), planting forest and grasslands to soak up excess nitrogen and keep it out of waterways, restoring coastal wetlands, improving sewage treatment to reduce discharge of nitrates into waterways, requiring further reduction of NOx emissions from motor vehicles, and phasing in forms of renewable energy to replace the burning of fossil fuels.


Case Study: The Chesapeake Bay: An Estuary in Trouble


Pollutants from six states contaminate the shallow Chesapeake Bay estuary, but cooperative efforts have reduced some of the pollution inputs.


Since 1960, the Chesapeake Bay—America’s largest estuary —has been in serious trouble from water pollution, mostly because of human activities. One problem is that between 1940 and 2004, the number of people living in the Chesapeake Bay area grew from 3.7 million to 17 million, and may soon reach 18 million.


Another problem is that the estuary receives wastes from point and nonpoint sources scattered throughout a huge drainage basin that includes 9 large rivers and 141 smaller streams and creeks in parts of
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Figure 22-12 Natural capital degradation: a large zone of oxygen-depleted water (less than 2 ppm dissolved oxygen) forms for half of the year in the Gulf of Mexico as a result of oxygen-depleting algal blooms. It is created mostly by huge inputs of nitrate (NO3_) and phosphate (PO4 3_) plant nutrients from the massive Mississippi River basin. In 2002, the area of the zone (shown in green) was roughly equivalent to the area of the state of New Jersey. This problem is worsened by loss of wetlands, which help filter plant nutrients.


six states (Figure 22-13). Also, the bay is a huge pollution sink because it is quite shallow and only 1% of the waste entering it is flushed into the Atlantic Ocean.


Phosphate and nitrate levels have risen sharply in many parts of the bay, causing algal blooms and oxygen depletion. Commercial harvests of its once abundant oysters, crabs, and several important fish have fallen sharply since 1960 because of a combination of pollution, overfishing, and disease.


Studies show that point sources, primarily sewage treatment plants and industrial plants (often in violation of their discharge permits), account for about 60% by weight of the phosphates. Nonpoint sources— mostly runoff from urban, suburban, and agricultural land and deposition from the atmosphere—account for about 60% by weight of the nitrates.


In 1983, the United States implemented the Chesapeake Bay Program. It is the country’s most ambitious attempt at integrated coastal management in which citizens’ groups, communities, state legislatures, and the federal government have worked together to reduce pollution inputs into the bay. Strategies include establishing land-use regulations in the bay’s six watershed states to reduce agricultural and urban runoff, banning phosphate detergents, upgrading sewage treatment plants, and better monitoring of industrial discharges.


In addition, wetlands are being restored and large areas of the bay are being replanted with sea grasses to help filter out nutrients and other pollutants.


This hard work has paid off. Between 1985 and 2000, phosphorus levels declined 27%, nitrogen levels dropped 16%, and grasses growing on the bay’s floor have made a comeback. This is a significant achievement given the increasing population in the watershed and the fact that nearly 40% of the nitrogen inputs come from the atmosphere.


However, there is still a long way to go, and a sharp drop in state and federal funding has slowed progress. According to a 2003 report prepared by the University of Maryland’s School of Law, “After years of dialogue and billions in expenditures, the bay is no healthier than it was 10 years ago.” But despite some setbacks, the Chesapeake Bay Program shows what can be done when diverse groups work together to achieve goals that benefit both wildlife and people.


Solutions: Can Oysters Help Clean Up the Chesapeake Bay? Should We Bring Them Back?


Rebuilding the Chesapeake Bay’s depleted oyster population with disease-resistant oysters could greatly reduce water pollution because oysters filter algae and silt from water.


Marine scientists are looking for ways to rebuild the Chesapeake Bay’s once huge population of the eastern oyster as a way to help clean up the water. Oysters are filter feeders that vacuum up the algae and nutrient-laden suspended silt that cause many of the Chesapeake Bay’s water pollution problems.


The bay’s oyster population once served as a natural water purifier by filtering the bay’s entire volume of water every 3 or 4 days. But overharvesting and two parasitic oyster diseases have reduced the oyster population to about 1% of its historic high. Consequently, today’s oyster population needs about a year to filter the bay’s water.


Computer models project that increasing the oyster population to only 10% of its historic high would improve water quality and spur the growth of underwater sea grass. Ways to do this include introducing disease-resistant Asian oysters, seeding beds with older oysters presumed to have some disease resistance, and setting aside 20–25% of the bay’s oyster beds as sanctuaries to protect stocks from overharvesting.


In 2003, Virginia officials approved a plan to put 1 million Asian oysters in the bay. However, a 2003 study by the National Academy of Sciences recommended caution in introducing nonnative species into the Chesapeake Bay without carefully looking at the possible harmful ecological effects of such a project.


What Is Being Done to Control the Dumping of Pollutants into the Ocean? There Is No Away


Parts of the world’s oceans are dump sites for a variety of toxic materials and sewage and garbage from ships.
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Figure 22-13 Natural capital degradation: Chesapeake Bay, the largest estuary in the United States, is severely degraded as a result of water pollution from point and nonpoint sources in six states and from deposition of air pollutants.


Dumping industrial waste off U.S. coasts has stopped, although it still occurs in a number of other developed countries and some developing countries.


But barges and ships still legally dump large quantities of dredge spoils (materials, often laden with toxic metals, scraped from the bottoms of harbors and rivers to maintain shipping channels) at 110 sites off the Atlantic, Pacific, and Gulf coasts of the United States.


Many countries also dump large quantities of sewage sludge into the ocean. It is a gooey mixture of toxic chemicals, infectious agents, and settled solids removed from wastewater at sewage treatment plants.


Good news. Since 1992, the United States has banned this practice. And 50 countries with at least 80% of the world’s merchant fleet have agreed not to dump sewage and garbage at sea.


Bad news. This agreement is difficult to enforce and violations are common. Most ship owners save money by dumping wastes at sea and, if caught, get only small fines. Each year as many as 2 million seabirds and more than 100,000 marine mammals (including whales, seals, dolphins, and sea lions) die when they ingest or become entangled in fishing nets, ropes, and other debris dumped into the sea or discarded on beaches (see photo on p. viii).


Under the London Dumping Convention of 1972, 100 countries agreed not to dump highly toxic pollutants and high-level radioactive wastes in the open sea beyond the boundaries of their national jurisdictions.


Since 1983, these same nations have observed a moratorium on the dumping of low-level radioactive wastes at sea, which in 1994 became a permanent ban.


But these agreements are hard to monitor and enforce. In 1992, it was learned that for decades, the former Soviet Union had been dumping large quantities of high- and low-level radioactive wastes into the Arctic Ocean and its tributaries.


What Are the Major Sources of Ocean Oil Pollution? Land-Based Activities, Not Tankers, Are the Major Culprits


Most ocean oil pollution comes from human activities on the land.


Crude petroleum (oil as it comes out of the ground) and refined petroleum (fuel oil, gasoline, and other processed petroleum products) reach the ocean from a number of sources. In 1989, the Exxon Valdez oil tanker went off course, hit rocks, and released large amounts of oil into Alaska’s Prince William Sound in an accident that ended up costing about $7 billion (including cleanup costs and fines for damage against Exxon Mobil). In 2002, the oil tanker Prestige sank off the coast of Spain and over two years leaked about twice as much oil as the Exxon Valdez. Such tanker accidents and blowouts at offshore drilling rigs (when oil escapes under high pressure from a borehole in the ocean floor) get most of the publicity because of their high visibility.


But much more oil is released from other smaller, day-to-day, and less visible activities. They include the normal operation of offshore wells, washing oil tankers and releasing the oily water, loading and unloading of oil tankers at ports, and leaks from oil pipelines, refineries, and storage tanks. Natural oil seeps also release large amounts of oil into the ocean at some sites.


Studies show that most ocean oil pollution comes from activities on land. According to a 2002 study by the Pew Oceans Commission, every 8 months an amount of oil equal to that spilled by the Exxon Valdez tanker drains from the land into the oceans. Almost half (some experts estimate 90%) of the oil reaching the oceans is waste oil dumped on the ground, poured down the drain, spilled, or leaked onto the land or into sewers by cities, industries, and people changing their own motor oil.


What Are the Effects of Oil Pollution on Ocean Ecosystems and Coastal Communities? Serious but Not Long- Lasting


Oil pollution can have a number of harmful ecological and economic effects, but most disappear within 3–15 years.


The effects of oil on ocean ecosystems depend on a number of factors: type of oil (crude or refined), type of aquatic system, amount released, distance of release from shore, time of year, weather conditions, average water temperature, and ocean currents.


Volatile organic hydrocarbons in oil immediately kill a number of aquatic organisms, especially in their vulnerable larval forms. Some other chemicals form tar-like globs that float on the surface and coat the feathers of birds (especially diving birds) and the fur of marine mammals. This oil coating destroys their natural insulation and buoyancy, causing many of them to drown or die of exposure from loss of body heat.


Heavy oil components that sink to the ocean floor or wash into estuaries can smother bottom-dwelling organisms such as crabs, oysters, mussels, and clams or make them unfit for human consumption. Some oil spills have killed reef corals.


Research shows that most (but not all) forms of marine life recover from exposure to large amounts of crude oil within about 3 years. But recovery from exposure to refined oil, especially in estuaries and salt marshes, can take 10–15 years. The effects of spills in cold waters and in shallow enclosed gulfs and bays generally last longer.
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Oil slicks that wash onto beaches can have a serious economic impact on coastal residents, who lose income normally gained from fishing and tourist activities. Oil-polluted beaches washed by strong waves or currents become clean after about a year, but beaches in sheltered areas remain contaminated for several years. Despite the localized harmful effects, EPA experts rate oil spills as a low-risk ecological problem.


How Well Can We Clean Up Oil Spills? Not Very Well


Current methods can recover no more than about 15% of the oil from a major spill, explaining why prevention is the best strategy.


If they are not too large, oil spills can be partially cleaned up by mechanical, chemical, fire, and natural methods. Mechanical methods include using floating booms to contain the oil spill or keep it from reaching sensitive areas, skimmer boats to vacuum up some of the oil into collection barges, and absorbent devices such as large mesh pillows filled with feathers or hair to soak up oil on beaches or in waters too shallow for skimmer boats.


Chemical methods include using coagulating agents to cause floating oil to clump together for easier pickup or to sink to the bottom (where it usually does less harm) and dispersing agents to break up oil slicks.


But these agents can damage some types of organisms.


Fire can burn off floating oil, but crude oil is hard to ignite and burning it produces air pollution.


In time, the natural action of wind and waves mixes or emulsifies oil with water (like emulsified salad dressing), and bacteria biodegrade some of the oil. Scientists are developing biological methods in which “cocktails” of bacteria are sprayed on the oil to break it down into chemicals that the bacteria consume or that disperse harmlessly into the sea. Adding special nutrients required by the bacteria usually speeds up the decomposition process. This bioremediation cleanup by naturally occurring bacteria is cheaper and may be much more effective than other cleanup methods.


Scientists estimate that current methods can recover no more than 15% of the oil from a major spill.


This explains why preventing oil pollution is the most effective and in the long run the least costly approach.


Good news. Because of concern over the 1989 Exxon Valdez oil spill, the Oil Pollution Act of 1990 set up a trust fund to provide up to $1 million per spill for cleanup. It also required that by 2015 all oil tankers operating in U.S. waters must be constructed with two hulls—one inside the other—to help protect against spills. Similar international laws have been established, and in 2002 the European Union voted to ban single hull oil tankers from their waters by 2010 and by 2005 for the largest tankers. Some members of Congress have unsuccessfully proposed legislation to require double hulls for tankers in U.S. waters by 2007.


Bad news. In 2004, about half of the world’s 10,000 oil tankers still had the older and more vulnerable single hulls. Cruise ships can also pollute coastal waters with oil and other waste—most of which is dumped at sea or in fragile coastal areas when the ships visit various ports. Scuba diving, anyone?


Solutions: How Can We Protect Coastal Waters? Think Prevention


Preventing or reducing the flow of pollution from the land and from streams emptying into the ocean is the key to protecting the oceans.


Figure 22-14 list ways analysts have suggested to prevent and reduce excessive pollution of coastal waters.


Study this figure carefully.
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Solutions Coastal Water Pollution


Prevention Cleanup


Improve oil-spill cleanup capabilities Sprinkle nanoparticles over an oil or sewage spill to dissolve the oil or sewage without creating harmful byproducts (still under development) Require at least secondary treatment of coastal sewage Use wetlands, solar-aquatic, or other methods to treat sewage Reduce input of toxic pollutants Separate sewage and storm lines Ban dumping of wastes and sewage by maritime and cruise ships in coastal waters Ban ocean dumping of sludge and hazardous dredged material Protect sensitive areas from development, oil drilling, and oil shipping Regulate coastal development Recycle used oil Require double hulls for oil tankers


Figure 22-14 Solutions: methods for preventing and cleaning up excessive pollution of coastal waters. Which two of these solutions do you believe are the most important?


The key to protecting oceans is to reduce the flow of pollution from the land and from streams emptying into the ocean. Thus ocean pollution control must be linked with land-use and air pollution policies because about one-third of all pollutants entering the ocean worldwide come from air emissions from land-based sources.


22-6 PREVENTING AND REDUCING SURFACE WATER POLLUTION


How Can We Reduce Surface Water Pollution from Nonpoint Sources? Emphasize Prevention


The key to reducing nonpoint pollution, most of it from agriculture, is to prevent it from reaching bodies of surface water.


There are a number of ways to reduce nonpoint water pollution, most of it from agriculture. Farmers can reduce soil erosion, especially by keeping cropland covered with vegetation and by reforesting critical watersheds.


They can also reduce the amount of fertilizer running off into surface waters and leaching into aquifers by using slow-release fertilizer, using none on steeply sloped land, and planting buffer zones of vegetation between cultivated fields and nearby surface water.


Applying pesticides only when needed and relying more on biological control of pests can reduce pesticide runoff. Farmers can control runoff and infiltration of manure from animal feedlots by planting buffers and locating feedlots and animal waste sites away from steeply sloped land, surface water, and flood zones.


Good news. In 2003 Smithfield Foods, a large pork producer, announced plans to build a facility in Utah to convert the wastes from 500,000 hogs—about half of its annual hog production in Utah—to make renewable biodiesel fuel for vehicles. In addition, researchers are experimenting with planting poplar trees to suck up waste from contaminated hog waste lagoons.


In 2002 a federal court forced the EPA to uphold the intent of the Clean Water Act and require about 15,500 of the nation’s largest livestock feedlots or factory farms to apply for EPA runoff permits by 2006, develop plans to handle manure and wastewater, and file annual reports with the EPA. If this rule goes into effect, large livestock operations will have to obey the same pollution control regulations that have been applied to other industries since 1972.


Livestock producers who have successfully fought such regulation for over 30 years say the new rules will cost them too much, and they hope to persuade Congress to eliminate, delay, or weaken the new rules. Stay tuned for developments.


These tougher rules are spurring scientists to come up with better ways to deal with animal waste.


They are exploring ways to burn it, convert it to natural gas, recycle undigested nutrients in manure back into animal feed, and extract valuable chemicals from manure to make plastics or even cosmetics.


Other scientists are looking at ways to rinse away many of the soluble and smelly ingredients in manure to leave tough, straw-like particles of fiber that can be pressed into fiberboard for making cabinets and furniture.


The resulting fiber is called animal processed fiber, a formal name for processed cow and hog poop.
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How Can We Reduce Water Pollution from Point Sources? Legal and Market Approaches


Most developed countries use laws to set water pollution standards, but in most developing countries such laws do not exist or are poorly enforced.


The Federal Water Pollution Control Act of 1972 (renamed the Clean Water Act when it was amended in 1977) and the 1987 Water Quality Act form the basis of U.S. efforts to control pollution of the country’s surface waters. The Clean Water Act sets standards for allowed levels of key water pollutants and requires polluters to get permits specifying how much of various pollutants they can discharge into aquatic systems.


The EPA is also experimenting with a discharge trading policy that uses market forces to reduce water pollution (as has been done with sulfur dioxide for air pollution control, p. 454) in the United States. Under this program a water pollution source is allowed to pollute at a higher level than allowed in its permit by buying credits from permit holders with pollution levels below their allowed levels.


Some environmentalists support discharge trading.


But they warn that such a system is no better than the caps set for total pollution levels in various areas, and call for careful scrutiny of the cap levels. They also warn that discharge trading could allow pollutants to build up to dangerous levels in areas where credits are bought. In addition, they call for gradually lowering the caps to encourage prevention of water pollution and development of better technology for controlling water pollution, neither of which is a part of the current EPA water pollution discharge trading system.


Bad news. According to Sandra Postel, director of the Global Water Policy Project, most cities in developing countries discharge 80–90% of their untreated sewage directly into rivers, streams, and lakes, which


HOW WOULD YOU VOTE? Should we greatly increase efforts to reduce water pollution from nonpoint sources? Cast your vote online at http://biology.brookscole.com/miller14.


are used for drinking water, bathing, and washing clothes.


How Can We Reduce Water Pollution from Point Sources? The Technological Approach


Septic tanks and various levels of sewage treatment can reduce point-source water pollution.


In rural and suburban areas with suitable soils, sewage from each house can be discharged into a septic tank (Figure 22-15). About one-fourth of all homes in the United States are served by septic tanks.


In U.S. urban areas, most waterborne wastes from homes, businesses, factories, and storm runoff flow through a network of sewer pipes to wastewater or sewage treatment plants. Some cities have a separate network of pipes for carrying runoff of storm water from streets and parking lots. But 1,200 U.S. cities have combined the sewer lines for these two systems because it is cheaper.


Bad news. Heavy rains or too many users hooked up to the system can cause combined sewer lines to overflow and discharge untreated (raw) sewage directly into surface waters. According to the EPA, at least 40,000 such overflows occur each year in the United States. The EPA estimated that each year 1.8–3.5 million people get sick from swimming in waters contaminated by sewage overflows. The EPA estimates that it would cost $10 billion a year for a decade to install dual systems, add capacity, and repair the nation’s $2 trillion aging sewer network. To help protect public health, environmentalists want Congress to change the Clean Water Act to require the EPA to monitor sewer leaks and overflows and report them to public health authorities.


Raw sewage reaching a treatment plant typically undergoes one or both of two levels of wastewater treatment. One is primary sewage treatment. It is a physical process that uses screens and a grit tank to remove large floating objects and solids such as sand and rock, and a settling tank that allows suspended solids to settle out as sludge (Figure 22-16). By itself, primary treatment removes about 60% of the suspended solids and 30–40% of the oxygen-demanding organic wastes from sewage but removes no phosphates, nitrates, salts, radioisotopes, or pesticides.


A second level is called secondary sewage treatment.


It is a biological process in which aerobic bacteria remove up to 90% of dissolved and biodegradable, oxygen-demanding organic wastes. This is done by trickling wastewater through beds of gravel covered with films of aerobic bacteria or by passing it through an aeration tank where air is pumped through a slurry of aerobic bacteria before the wastewater is sent to a second settling tank.


A combination of primary and secondary treatment (Figure 22-16) removes 95–97% of the suspended solids and oxygen-demanding organic wastes, 70% of most toxic metal compounds and nonpersistent synthetic organic chemicals, 70% of the phosphorus (mostly as phosphates), 50% of the nitrogen (mostly as nitrates), and 5% of dissolved salts. But this process removes only a tiny fraction of long-lived radioactive isotopes and persistent organic substances such as some pesticides.


Because of the Clean Water Act, most U.S. cities have combined primary and secondary sewage treatment plants. According to the EPA, however, at least two-thirds of these plants have at times violated water pollution regulations. Also, 500 cities have failed to meet federal standards for sewage treatment plants, and 34 East Coast cities simply screen out large floating objects from their sewage before discharging it into coastal waters.


A third level of cleanup is advanced or tertiary sewage treatment. It is a series of specialized chemical and physical processes that remove specific pollutants left in the water after primary and secondary treatment. Its most widespread use is to remove phosphates and nitrates from wastewater before it is discharged into surface waters to help reduce nutrient overload. Advanced treatment is expensive and is used to treat only 5% of the wastewater in the United States.


Before discharge, water from primary, secondary, or advanced treatment undergoes bleaching to remove
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Nonperforated pipe Perforated pipe Vent pipe Gravel or crushed stone Distribution box (optional) Drain field Septic tank with manhole (for cleanout) Household wastewater


Figure 22-15 Solutions: septic tank system used for disposal of domestic sewage and wastewater in rural and suburban areas.


This system separates solids from liquids, digests organic matter and large solids and discharges the liquid wastes in a network of buried pipes with holes over a large drainage or absorption field. As these wastes drain from the pipes and percolate downward, the soil filters out some potential pollutants, and soil bacteria decompose biodegradable materials. To be effective, septic tank systems must be properly installed in soils with adequate drainage, not placed too close together or too near well sites, and pumped out when the settling tank becomes full.


water coloration and disinfection to kill disease-carrying bacteria and some but not all viruses. The usual method for doing this is chlorination. But chlorine can react with organic materials in water to form small amounts of chlorinated hydrocarbons. Some of these chemicals can cause cancers in test animals and may damage the human nervous, immune, and endocrine systems (Case Study, p. 416).


Use of other disinfectants, such as ozone and ultraviolet light, is increasing. But they cost more and their effects do not last as long as chlorination.


What Should We Do with Sewage Sludge?


An Unsettled Problem


Sewage sludge can be used as a soil conditioner, but this can cause health problems if it contains infectious bacteria and toxic chemicals.


Sewage treatment produces a gooey sludge containing a slimy mixture of bacteria-laden solids and often toxic chemicals and metals when sewer systems mix industrial and household waste. In the United States, about 9% by weight of this sludge is placed in large circular digesters and kept warm for several weeks to allow anaerobic bacteria to decompose organic materials and produce compost for use as a soil conditioner.


About 36% of the sludge, also known as biosolids, is used to fertilize farmland, forests, golf courses, cemeteries, parkland, highway medians, and degraded land. The remaining 55% is dumped in conventional landfills where it can contaminate groundwater, or is incinerated. Such burning of waste can pollute the air with toxic chemicals, and it produces a toxic ash usually buried in landfills that the EPA says will eventually leak.


From an ecological standpoint, it is desirable to recycle plant nutrients in sewage sludge to the soil on land. But there are problems with using sewage sludge to fertilize crops (Figure 22-17, p. 512). As long as harmful bacteria and other pathogens and toxic chemicals are not present, sludge can fertilize land used for food crops or livestock. But removing bacteria (usually by heating), toxic metals, and organic chemicals is expensive and rarely done in the United States. According to a 2002 report by the National Academy of Sciences, the EPA is using outdated science to set standards for using sewage sludge as a fertilizer in the United States.


A growing number of alleged health problems and lawsuits have resulted from use of sludge to fertilize crops in the United States. To protect consumers and avoid lawsuits, some food packers such as Del Monte and Heinz have banned produce grown on farms using sludge as a fertilizer.


How Can We Improve Sewage Treatment?


Eliminate Toxics


Preventing toxic chemicals from reaching sewage treatment plants would eliminate such chemicals from the sludge and water discharged from such plants.


Environmental scientist Peter Montague calls for redesigning sewage treatment systems to prevent toxic
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Primary Secondary Grit chamber Bar screen Settling tank Aeration tank Settling tank Chlorine disinfection tank Raw sewage from sewers Sludge (kills bacteria) To river, lake, or ocean Air pump Sludge digester Sludge drying bed Disposed of in landfill or ocean or applied to cropland, pasture, or rangeland Activated sludge


Figure 22-16 Solutions: primary and secondary sewage treatment.


and hazardous chemicals from reaching sewage treatment plants and thus from getting into sludge and the water discharged from such plants.


He suggests several ways to do this. One is to require industries and businesses to remove toxic and hazardous wastes from water sent to municipal sewage treatment plants. Another is to encourage industries to reduce or eliminate toxic chemicals use and waste.


Another suggestion is to have more households, apartment buildings, and offices eliminate sewage outputs by switching to waterless composting toilet systems that are installed, maintained, and managed by professionals.


Such systems would be cheaper to install and maintain than current sewage systems because they do not require vast systems of underground pipes connected to centralized sewage treatment plants. They also save large amounts of water. They work great. I used one for 15 years.
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Sludge BUFFER ZONE Exposure


Children may walk or play in fertilized fields.


Livestock Poisoning


Cows may die after grazing on sludge-treated fields.


Surface Runoff


Harmful chemicals and pathogens may pollute nearby streams, lakes, ponds, and wetlands.


Dust Particles


Particles of dried sludge carry viruses and harmful bacteria that can be inhaled, infect cuts or enter homes.


Odor


Odors may cause illness or indicate presence of harmful gases.


Odors


Odors may cause illness or indicate presence of harmful gases.


Groundwater Contamination


Harmful chemicals and pathogens may leach into groundwater and shallow wells.


Figure 22-17 Natural capital degradation: some potential problems with using sludge from sewage treatment plants as a fertilizer on croplands. The EPA says that sludge is safe to use if applied following its guidelines.


Scientists and people who have gotten sick from exposure to sludge fertilizer claim the guidelines are insufficient and not adequately enforced.


Solutions: How Can We Treat Sewage by Working with Nature? Ecological Purification


Natural and artificial wetlands and other ecological systems can be used to treat sewage.


John Todd has developed an ecological approach to treating sewage, which he calls living machines (Figure 22-1). More than 150 cities and towns in the United States use natural and artificial wetlands to treat sewage as a low-tech, low-cost alternative to expensive waste treatment plants.


For example, the coastal town of Arcata, California, created some 65 hectares (160 acres) of wetlands between the town and the adjacent Humboldt Bay. The marshes and ponds, developed on this land that was once a garbage dump, act as an inexpensive natural waste treatment plant. The project cost less than half the estimated cost of a conventional treatment plant.


Here is how it works. First, sewage goes to sedimentation tanks, where the solids settle out as sludge that is removed and processed for use as fertilizer.


Next, the liquid is pumped into oxidation ponds,


HOW WOULD YOU VOTE? Should we ban the discharge of toxic chemicals into pipes leading to sewage treatment plants? Cast your vote online at http://biology.brookscole .com/miller14.


where bacteria break down remaining wastes. After a month or so, the water is released into the artificial marshes, where plants and bacteria carry out further filtration and cleansing. Then the purified water flows into the Humboldt Bay with its abundant marine life.


The marshes and ponds also serve as an Audubon Society bird sanctuary and provide habitats for thousands of otters, seabirds, and marine animals. The town celebrates its natural sewage treatment system with an annual “Flush with Pride” festival. However, some cities do not have the land available for this approach.


Mark Nelson has developed a small, low-tech, and inexpensive artificial wetland system to treat raw sewage from hotels, restaurants, and homes in developing countries (Figure 22-18). This wastewater garden system removes 99.9% of fecal coliform bacteria and more than 80% of the nitrates and phosphates from incoming sewage that in most developing countries is often dumped untreated into the ocean or into shallow holes in the ground. The water flowing out of such systems can be used to irrigate gardens or fields or to flush toilets and thus help save water.


Genetic engineering may also get into the act. The guts of some insects are resistant to pesticides. Researchers have isolated the gene that provides this resistance, and they have transferred it to easily cultured bacterial species. They envision passing contaminated water through a large vessel or bioreactor containing the genetically modified bacteria that consume the pesticides. Stay tuned about developments in this promising area of frontier science. This might be an interesting career choice.


Currently about 1.7 billion people do not have access to adequate sanitation. And the world’s population is projected to add 2.9 billion more people between 2004 and 2050—an average of 172,000 new people per day needing access to safe drinking water and adequate sanitation. Without greatly increased investment in conventional and unconventional sewage treatment systems, the number of people with inadequate sanitation could reach 3 billion by 2050. Dealing with this important challenge will take scientific and engineering ingenuity and lots of money.


How Successful Has the United States Been in Reducing Water Pollution? Good and Bad News


Water pollution laws have significantly improved water quality in many U.S. streams and lakes, but there is a long way to go.


Great news. According to the EPA, the Clean Water Act of 1972 led to a number of improvements in U.S. water quality. Between 1992 and 2002, the number of Americans served by community water systems that met federal health standards increased from 79% to 94%.


513 http://biology.brookscole.com/miller14


(1) Raw sewage drains by gravity into the first pool and flows through a long perforated PVC pipe into a bed of limestone gravel.


(2) Microbes in the limestone gravel break down the sewage into chemicals that can be absorbed by the plant roots, and the gravel absorbs phosphorus.


(3) Wastewater flows through another perforated pipe into a second pool, where the same process is repeated.


 (4) Treated water flowing from the second pool is nearly free of bacteria and plant nutrients.


Treated water can be recycled for irrigation and flushing toilets.


Sewage


First concrete pool Second concrete pool 45 centimeter layer of limestone gravel coated with decomposing bacteria


Treated water Wetland type plants Wetland type plants


Figure 22-18 Solutions: wastewater garden. Hotels, restaurants, and homes in developing countries can use this small gravity-fed artificial wetland system to treat sewage. It uses only 1.9–3.8 square meters (20–30 square feet) of space per person.


Also, between 1972 and 2002, the percentage of U.S. stream lengths found to be fishable and swimmable increased from 36% to 60% of those tested. And the amount of topsoil lost through agricultural runoff was cut by about 1.1 billion metric tons (1 billion tons) annually.


In addition, between 1972 and 2002, the proportion of the U.S. population served by sewage treatment plants increased from 32% to 74%. And between 1974 and 2002, annual wetland losses decreased by 80%.


These are impressive achievements given the increases in the U.S. population and per capita consumption since 1972.


Bad news. In 2000, the EPA found that 45% of the country’s lakes and 40% of the streams surveyed were too polluted for swimming or fishing. The number of polluted streams, lakes, and estuaries could be much higher because only 19% of the country’s stream lengths, 43% of its lake and reservoir area, and 36% of its estuaries have been tested for water quality.


Runoff of animal wastes from hog, poultry, and cattle feedlots and meat processing facilities pollutes 7 of every 10 U.S. rivers. Most livestock wastes are not treated and are stored in lagoons that sometimes leak.


They can also overflow or rupture as a result of excessive rainfall and spill their contents into nearby streams and rivers and sometimes into residential areas.


Fish caught in more than 1,400 different waterways and more than a fourth of the nation’s lakes are unsafe to eat because of high levels of pesticides, mercury, and other toxic substances. A 2003 internal study by the EPA found that at least half of the country’s 6,600 largest industrial facilities and municipal wastewater treatment plants have illegally discharged toxic or biological wastes into waterways for years without government enforcement actions or fines.


Should the U.S. Clean Water Act Be Strengthened or Weakened? A Raging Controversy


Some want to strengthen the Clean Water Act while others want to weaken it.


Some environmentalists and a 2001 report by the EPA’s inspector general call for the Clean Water Act to be strengthened. Suggested improvements include increased funding and authority to control nonpoint sources of pollution, upgrading the computer system for monitoring compliance with the law, and strengthening programs to prevent and control toxic water pollution.


Other suggestions include providing more funding and authority for integrated watershed and air shed planning to protect groundwater and surface water from contamination, and expanding the rights of citizens to bring lawsuits to ensure that water pollution laws are enforced. The National Academy of Sciences also calls for halting the loss of wetlands, higher standards for wetland restoration, and creating new wetlands before filling any natural wetlands.


Many people oppose these proposals, contending that the Clean Water Act’s regulations and government wetlands regulations are already too restrictive and costly. Farmers and developers see the law as a curb on their rights as property owners to fill in wetlands.


They also believe they should be compensated for any property value losses resulting from federal regulations protecting wetlands.


State and local officials want more discretion in testing for and meeting water quality standards. They argue that in many communities it is unnecessary and too expensive to test for all the water pollutants required by federal law.
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22-7 DRINKING WATER QUALITY


How Is Urban Drinking Water Purified?


The High-Tech Centralized Approach


Centralized water treatment plants that operate much like wastewater treatment plants can provide safe drinking water for city dwellers.


Areas that depend on surface water for drinking usually store it in a reservoir for several days. This improves taste and clarity by increasing dissolved oxygen content and allowing suspended matter to settle. Next the water is pumped to a purification plant where it is filtered as needed and chlorinated to meet government drinking water standards. In areas with very pure groundwater sources, little treatment except disinfection is necessary.


How Can Modern Water-Purification Systems Be Protected from Terrorist Acts? A Difficult Problem


The United States is upgrading security on water purification and delivery systems, but it is difficult to protect such a vast and complex system.


In the United States there is increased concern over terrorists adding harmful chemicals or biological agents to reservoirs and other parts of the nation’s vast network of water purification systems. Reservoirs are so huge that they are hard to poison with chemical or biological agents. Still, drinking water is hard to protect because of the large number of reservoirs, the vast network of water purification plants and water distribution systems, and accessibility of water systems on every street through fire hydrants and service connections.


HOW WOULD YOU VOTE? Should the U.S. Clean Water Act be strengthened? Cast your vote online at http://biology .brookscole.com/miller14.


Officials are working to find ways to make it harder to access or damage water purification plants and pipes. They are upgrading surveillance cameras and other security measures. They are also developing chemical tests and biological indicators that quickly indicate the presence of chemical or biological agents, and they are working on emergency response plans in case of contamination. A major problem is that protecting these systems will cost several billion dollars and so far Congress has not provided enough funds to get the job done.


How Can We Purify Rural Drinking Water in Developing Countries? The Low-Tech Decentralized Approach


Researchers have developed several simple and inexpensive ways for individuals and villages in developing countries to purify drinking water.


Ways to purify drinking water can be simple. In tropical countries without centralized water treatment systems, the WHO is urging people to purify drinking water by exposing a clear plastic bottle filled with contaminated water to intense sunlight. In the strong sunlight found in most tropical countries, heat and the sun’s UV rays can kill infectious microbes in as little as 3 hours. Painting one side of the bottle black can improve heat absorption in this simple solar disinfection method. Where it has been used, incidences of dangerous childhood diarrhea have decreased by 30–40%.


In Bangladesh, households receive strips of cloth for filtering cholera-producing bacteria from drinking water. Villages where women use such strips to strain water have cut cholera cases in half.


Another simple method involves adding a small amount of a chlorine-disinfectant solution to plastic or clay water-storage vessels with a narrow mouth and cap and a spigot—similar to what U.S. campers frequently use. The storage vessel design helps protect the disinfected water from additional bacterial contamination.


Trials in Zambia, Kenya, and India show that this approach can cut the rate of diarrheal disease in half. This highly publicized method is now in use in 15 developing countries.


How Well Is Drinking Water Quality Protected by Law? The Legal Approach


Most developed countries have laws establishing drinking water standards, but most developing countries do not have such laws or do not enforce them.


About 54 countries, most of them in North America and Europe, have standards for safe drinking water.


The U.S. Safe Drinking Water Act of 1974 requires the EPA to establish national drinking water standards, called maximum contaminant levels, for any pollutants that may have adverse effects on human health. However, such laws do not exist or are not enforced in most developing countries.


Privately owned wells are not required to meet federal drinking water standards for two reasons. One is that it costs at least $1,000 to test each well and owners would need to retest their water every few years.


The other is that some homeowners oppose mandatory testing and compliance.


Health scientists call for strengthening the U.S. Safe Drinking Water Act in several ways. One is to combine many of the drinking water treatment systems that serve fewer than 3,300 people with nearby larger systems. Another is to strengthen and enforce public notification requirements about violations of drinking water standards. They also call for banning all toxic lead in new plumbing pipes, faucets, and fixtures (current law allows fixtures with up to 10% lead to be sold as lead free). According to the Natural Resources Defense Council (NRDC), such improvements would cost about $30 a year per U.S. household.


However, water-polluting industries are pressuring elected officials to weaken the Safe Drinking Water Act. One proposal is to eliminate national tests of drinking water and public notification requirements about violations of drinking water standards.


A second proposal is to allow states to give drinking water systems a permanent right to violate the standard for a given contaminant if the provider claims it cannot afford to comply. Another suggestion is to eliminate the requirement that water systems use affordable, feasible technology to remove cancer-causing contaminants.


Finally, there are suggestions to greatly reduce the EPA budget for enforcing the Clean Water Act.
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Is Bottled Water the Answer? Solution or Expensive Rip-off?


Some bottled water is not as pure as tap water and costs much more.


Despite some problems, experts say the United States has some of the world’s cleanest drinking water. Yet about half of all Americans worry about getting sick from tap water contaminants, and many drink bottled water or install expensive water purification systems.


Studies reveal that in the United States bottled water is 240 to 10,000 times more expensive than tap water. In addition, about one-fourth of it is tap water, bacteria contaminate about one-third of it, and various potentially harmful organic chemicals contaminate about one-fifth of it. On the other hand, some countries


HOW WOULD YOU VOTE? Should the Safe Drinking Water Act be strengthened? Cast your vote online at http://biology .brookscole.com/miller14.
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must rely on bottled water because some of their tap water is too polluted to drink.


Use of bottled water can also cause some environmental problems. For example, 1.4 million metric tons (1.5 million tons) of plastic bottles are thrown away globally each year, and toxic gases and liquids are released during the manufacture of plastic water bottles.


In addition, greenhouse gases and other air pollutants are emitted by the fossil fuels burned to make plastic bottles and to deliver bottled water to suppliers.


Before drinking expensive bottled water and buying costly home water purifiers, health officials suggest that consumers have their water tested by local health authorities or private labs (not companies trying to sell water purification equipment). The goals are to identify what contaminants (if any) must be removed and to determine the type of purification needed to remove such contaminants. Independent experts contend that unless tests show otherwise, for most urban and suburban Americans served by large municipal drinking water systems, home water treatment systems are not worth the expense and maintenance hassles.


Buyers should check out companies selling water purification equipment and be wary of claims that the EPA has approved a treatment device. Although the EPA does register such devices, it neither tests nor approves them.


Solutions Water Pollution


• Prevent groundwater contamination • Greatly reduce nonpoint runoff • Reuse treated wastewater for irrigation • Find substitutes for toxic pollutants • Work with nature to treat sewage • Practice four R's of resource use (refuse, reduce, recycle, reuse) • Reduce resource waste • Reduce air pollution • Reduce poverty • Reduce birth rates


Figure 22-19 Solutions: methods for preventing and reducing water pollution. Which two of these solutions do you believe are the most important?


Water Pollution


• Fertilize your garden and yard plants with manure or compost instead of commercial inorganic fertilizer.


• Minimize your use of pesticides.


• Never apply fertilizer or pesticides near a body of water.


• Grow or buy organic foods.


• Compost your food wastes.


• Do not use water fresheners in toilets.


• Do not flush unwanted medicines down the toilet.


• Do not pour pesticides, paints, solvents, oil, antifreeze, or other products containing harmful chemicals down the drain or onto the ground.


What Can You Do?


Figure 22-20 What can you do? Ways to help reduce water pollution.


How Can We Reduce Water Pollution?


Individuals Matter


Shifting our priorities from controlling to preventing and reducing water pollution will require bottom-up political action by individuals and groups.


It is encouraging that since 1970 most of the world’s developed countries have enacted laws and regulations that have significantly reduced point-source water pollution. Most of these improvements were the result of bottom-up political pressure on elected officials by individuals and organized groups. However, little has been done to reduce water pollution in most developing countries.


To health scientists and environmentalists the next step is to increase efforts to reduce and prevent water pollution in developed and developing countries by asking the question: How can we avoid producing water pollutants in the first place? Figure 22-19 lists ways to do this over the next several decades.


This shift to preventing water pollution will not take place in developed countries without bottom-up political pressure on elected officials. It will not occur in developing countries without similar pressure from citizens as well financial and technical aid from developed countries. Figure 22-20 lists some actions you can take to help reduce water pollution.


HOW WOULD YOU VOTE? Should pollution standards be established for bottled water? Cast your vote online at http://biology.brookscole.com/miller14.
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It is a hard truth to swallow, but nature does not care if we live or die. We cannot survive without the oceans, for example, but they can do just fine without us.


ROGER ROSENBLATT


CRITICAL THINKING


1. Explain why dilution is not always the solution to water pollution.


2. For each of the eight categories of pollutants listed in Table 22-1, is it most likely to originate from (a) point sources or (b) nonpoint sources?


3. A large number of fish are found floating dead on a lake during the summer. You are asked to determine the cause of the fish kill. What reason would you suggest for the kill? What measurements would you make to verify your hypothesis?


4. Are you for or against banning injection of liquid hazardous wastes into deep wells below drinking water aquifers (Figure 22-9, p. 502)? Explain. What are the alternatives?


5. When you flush a toilet, where does the wastewater go? Trace the actual flow of this wastewater in your community from your toilet through sewers to a wastewater treatment plant and from there to the environment. Try to visit a local sewage treatment plant to see what it does with your wastewater. Compare the processes it uses with those shown in Figure 22-16 (p. 511). What happens to the sludge produced by this plant? What improvements, if any, would you suggest for this plant?


6. Congratulations! You are in charge of sharply reducing water pollution from nonpoint sources throughout the world. What are the three most important things you would do?


7. Congratulations! You are in charge of sharply reducing groundwater pollution throughout the world. What are the three most important things you would do?


8. Congratulations! You are in charge of providing safe drinking water for the poor and other people in developing countries. What are the three most important things you would do?


PROJECTS


1. In your community,


a. What are the principal nonpoint sources of contamination of surface water and groundwater?


b. What is the source of drinking water?


c. How is drinking water treated?


d. How many times during each of the past 5 years have levels of tested contaminants violated federal standards? Were violations reported to the public?


e. Has pollution led to fishing bans or warnings not to eat fish from any lakes or rivers in your region?


f. Is groundwater contamination a problem? If so, where, and what has been done about the problem?


g. Is there a vulnerable aquifer or critical recharge zone that needs protection to ensure the quality of groundwater? Is your local government aware of this? What action (if any) has it taken?


2. Are storm drains and sanitary sewers combined or separate in your area? Are there plans to reduce pollution from runoff of storm water? If not, make an economic evaluation of the costs and benefits of developing separate storm drains and sanitary sewers, and present your findings to local officials.


3. Use library research, the Internet, and user interviews to evaluate the relative effectiveness and costs of home water purification devices. Determine the type or types of water pollutants each device removes and the effectiveness of this process.


4. Find out the price of tap water where you live. Then go to a grocery or other store and get prices per liter (or other volume unit) on all the available types of bottled water. Use these data to compare the price per liter of various brands of bottled water with the price of tap water.


5. Use the library or the Internet to find bibliographic information about William Ruckelshaus and Roger Rosenblatt, whose quotes appear at the beginning and end of this chapter.


6. Make a concept map of this chapter’s major ideas, using the section heads, subheads, and key terms (in boldface). See material on the website for this book about how to prepare concept maps.





