Module 9
Economics of Water Pollution
Module 9 addresses the complexities associated with the management of water pollution. Water pollution also has unique characteristics and requires specific policy. Recreation benefits are important for water bodies and economies of scale in treating sewage call for different strategies. Like air pollution, water pollution may come from a point source or a nonpoint source—each requiring different policy approaches. Economies of scale in treatment are important for water pollution control. Progress has been slow and inefficient. Reliance, until recently, on direct regulation rather than on emission charges or permits has been the primary cause of the inefficiency. Water pollution control has been moving away from national effluent standards and toward ambient standards which are tailored to a particular water body. Nonpoint sources are also beginning to be addressed.  These will all be considered in this module.
Objectives

After following this module, you should be able to understand/ familiarize:
· The nature of water pollution problem
· History of water pollution control policy in the United States.

· Brief history of European programs.

· The cost-effectiveness of U.S. policy. 

· Water pollution control policy in the Philippines

( Outline/Discussions
I. The Nature of Water Pollution Problems

a. There are two general types of water bodies at risk of contamination from pollution. 

i. Surface water includes rivers, lakes and oceans. Historically, clean-up policies have focused on surface water

ii. Groundwater is subsurface water.

b. Both groundwater and surface water provide water for uses such as for irrigation and drinking. Surface water, however, also provides other benefits such as recreation and wildlife, thus sometimes requiring different policies. 

c. Since water sources have been treated as common property, they have been used as a cheap place to dump municipal sewage and industrial waste.

d. Groundwater pollution is especially problematic because there is so little mixing or dilution. The lack of cleansing will render many contaminated aquifers useless. [Looking for local examples for your students to add to this list should prove interesting to say the least.]

e. Sources of pollution to lakes and rivers can be divided into two general categories:

i. Point source pollution is discharged into surface water at a specific location through a drainage pipe or ditch. The primary point sources are industries and municipalities. Point sources are relatively easy to monitor and predict.

ii. Nonpoint source pollution is runoff that comes from a variety of sources and includes agricultural and urban runoff. Agricultural runoff contains eroded topsoil, pesticides and fertilizer. Urban storm water runoff contains many pollutants including lead. Nonpoint sources are much more difficult to control due to the unpredictability and uncertainty associated with the exact source.

f. Due to the relative ease of controlling point sources, most past policies have focused on controlling point sources. As such, it is estimated that over half of the waste load to rivers 
and lakes now comes from nonpoint sources.

g. Figure 19.1 illustrates economic efficiency when return flows are contaminated. This graph is essentially an extension of Figure 10.3 in Chapter 10.

h. The primary sources of ocean pollution are ocean dumping and oil spills. This category of pollution has required separate legislative treatment

i. A taxonomy of water pollutants, similar to the one developed for air pollutants is developed in this module.

i. Fund pollutants can be assimilated by water sources if the absorptive capacity of the lake or river is high relative to the discharge.

1. Degradable wastes will break down in the water. This process uses oxygen. Large amounts of degradable pollutants can consume enough oxygen to turn an aerobic stream into an anaerobic stream. Without oxygen, aquatic lifeforms will die. Fish mortality increases.

2. Dissolved oxygen (DO) is the measure used to monitor these ambient conditions along a water course. Biochemical oxygen demand (BOD) is the measure of oxygen demand placed on a stream by any particular volume of effluent.

3. Emissions measured from a particular point as BOD can be translated in DO measures at various sensitive or receptor points.

4. Oxygen sags represent locations along the stream where the DO is lower than at other points. Policy options could focus on a general BOD reduction target (emission permit or emission charge). Ambient control programs (ambient permits or ambient charges) would be aimed at reaching a particular DO target at the oxygen sags. The latter option accounts for the location of the emitter.

5. Thermal pollution stems from the injection of heat into a watercourse. Usually this is in the form of used coolant water. Raising the temperature of the water reduces DO.

6. Plant nutrients such as nitrogen and phosphorous cause algae growth. Too many nutrients in a stream or water body can cause eutrophication.
7. Stock pollutants are those for which the environment has no absorptive capacity. One example of the effect of stock pollutants are the numerous fish consumption advisories due to mercury contamination of fish.

8. Persistent pollutants are pollutants that accumulate because they break down so slowly that they can travel long distances in water without changing structure. These pollutants persist in the water and in the food chain. Damages are thus related not 
just to concentrations in the water, but to concentrations in fish as well. This makes monitoring more complicated.

9. Bacteria and viruses also comprise a category of fund pollutants. Bacteria and viruses are carried by domestic and animal wastes and wastes from tanning and meat packaging industries.

10. Medicinal waste is a more recent worry as drugs such as birth control and antidepressants have been found in fish tissue.

ii. Accumulating pollutants are extremely problematic because they are difficult to monitor. Examples include metals that accumulate in the food chain and cause damage to humans when ingested through fish consumption.

II. Traditional Water Pollution Control Policy


The history of U.S. policy for water pollution control predates that for air pollution. Despite its longer history, it is not superior. This section provides a historical overview of water pollution control policy and legislation in the United States. 


While some questions will naturally arise as to the cost-effectiveness and success of these programs, these topics are not covered until the next section.

i. The 1899 Refuse Act was the first federal legislation to deal with discharge into the nation’s waterways. This Act was primarily concerned with navigation.

ii. The Water Pollution Control Act of 1948 initiated the authority of the federal government to conduct investigations and research into water pollution control—historically a state and local function. 

iii. The 1956 Amendments to the Water Pollution Control Act provided for federal support for the construction of waste treatment plants and for an enforcement conference. 

1. Federal support for the construction of waste treatment plants provided municipalities with federal grants to cover up to 55 percent of construction costs of municipal sewage treatment plants. The cost-effectiveness of this provision is discussed in the next section, but a key point is that these were grants, not loans. Thus, the cost to the municipality was lowered as was the cost to the user. User fees were set at low rates—only high enough to cover the unsubsidized portion of the construction cost plus the operation and maintenance costs. 

2. Under the enforcement conference provision, the federal control authority could call for a conference to deal with an interstate water pollution problem. These conferences were not successful.

iv. The Water Quality Act of 1965 set ambient water quality standards for interstate watercourses. States were required to file implementation plans. However, state plans were vague and set standards that did not relate to ambient water quality.

v. Clean Water Act sets out two goals in its preamble:

1. “that the discharge of pollutants into navigable waters be eliminated by 1985”; and

2. “that wherever attainable, an interim goal of water quality . . . for fish, shellfish, wildlife and recreation be achieved by June 1, 1983.”

vi. The Clean Water Act introduced new procedures for achieving these goals. Permits would now be required for all dischargers and would be granted only when dischargers met the technology-based uniform effluent standards. The move toward uniform standards moved policy away from potentially more cost-effective ambient standards.

vii. The 1972 Amendments to the Clean Water Act set two stages for meeting the effluent standards:

1. By 1977, industrial dischargers were required to meet standards using “best practicable control technology currently available” (BPT). Publicly owned treatment plants were also supposed to have achieved secondary standards by this date.

2. By 1983, the more stringent “best available technology economically achievable” (BAT) were to help govern the meeting of standards.

3. The 1972 Amendments also raised the ceiling on the program of subsidizing municipal water treatment plants from 55 percent of construction costs to 75 percent. In 1981, the federal share was reduced to 55 percent. 

viii. The 1977 Amendments to the Clean Water Act distinguished, for policy purposes, between conventional and toxic pollutants. Additionally, most deadlines of the 1972 Amendments were extended.
1. Conventional pollutant treatment standards were now to be based on “best conventional technology.”

2. Unconventional pollutants and toxics would still be covered by the BAT requirement.

3. The 1977 Amendments also introduced pretreatment standards for waste sent to publicly owned treatment systems.

ix. Nonpoint source pollution control was not covered by the Clean Water Act. This type of pollution was seen as a state responsibility. The reauthorization of the Clean Water Act in 1987 provided funding for a program to help states control runoff, but the states held responsibility for nonpoint source pollution control. The federal government has, however, sponsored the Conservation Reserve Program (CRP) which provides subsidies to farmers for planting grass or trees in an effort to reduce erosion and nutrient runoff.

x. In 1999, the EPA proposed new rules for the Total Maximum Daily Load (TMDL) program. A TMDL is the maximum amount of a pollutant that a water body can receive and still meet quality guidelines. The calculation includes a margin of safety. The TMDL program moves water pollution control policy toward ambient standards.

xi. Voluntary programs and cost-sharing programs focused on nonpoint source water pollution have been utilized more recently. 

xii. The Safe Drinking Water Act of 1974 provides more stringent standards for drinking water. The primary regulations set maximum allowable concentrations for bacteria, turbidity and chemical contaminants. Secondary standards for odor and aesthetics were also set. Approximately 60,000 public water systems are subject to these standards. 

xiii. The Clean Water Act only deals with ocean pollution in so far as it prohibits discharges of “harmful quantities” of oil into navigable waters. A discharger must report a spill and must either contain the spill or pay the cost of cleanup with a maximum liability of $50 million (unless willful negligence or willful misconduct can be proved). Cleanup costs also include natural resource damages. Covered later in this chapter is the implication of limited liability. [Natural resource damage assessment is touched upon, but could be expanded on during a class discussion of examples such as the Exxon Valdez spill of 1989.] 

xiv. Ocean dumping is not covered by the Clean Water Act, but is covered by the Marine Protection Research and Sanctuaries Act of 1972. Dumping of industrial wastes, sewer sludge or radioactive, chemical or biological warfare agents is prohibited in ocean waters.
xv. Given the difficulty of enforcement of the Clean Water Act and other water quality regulations, Congress created a private alternative. This alternative is a citizen suit. Through citizen suits, private individuals or groups are authorized to exercise oversight over government actions and to initiate civil proceedings against a polluter violating an effluent standard. Civil penalties range from $10,000 to $25,000 per violation, per day.

III. Efficiency and Cost-Effectiveness
a. The shift from ambient standards to a zero discharge goal was problematic. The feasibility of meeting such a goal is small and thus enforcement is a problem. In 1972, the EPA estimated that the costs of meeting a zero discharge goal from 1971 to 1981 would be $317 million. This figure is five times higher than the estimate of cost to remove 85 to 90 percent of the pollutants ($62 million). For some pollutants, such a high cost might be justified. However, the zero discharge goal does not distinguish among pollutant types.

b. National effluent standards were also problematic.

i. Cost-effectiveness would require individual standards for each source, but the EPA chose general standards for broad categories of sources. The standards could differ among categories, but were uniformly applied with categories.

ii. The EPA had so much trouble defining BPT standards such that few, if any, deadlines were met.

iii. The 1977 Amendments changed the timing and focus (toward toxic substances), but still did not result in a cost-effective strategy.

iv. The use of policy that focuses on technology rather than the water quality objective is also a poor strategy. The focus should be on maintenance, process change and the like.

v. Studies have shown that uniform standards do not closely approximate the least-cost allocation. Table 19.2 presents some comparisons. A 1968 study comparing least-cost to three other options is also outlined.

vi. Trading programs for watersheds have been slow to emerge though the idea has gained recent attention. In 2003 the US EPA issued a Water Quality Trading Policy.

c. The program involving subsidies for water treatment plants has also run into problems.

i. Available funds were initially allocated on a first-come, first-served basis. Thus funds were not necessarily spent where they would have had the greatest impact. Under the Municipal Wastewater Treatment Construction Grant Amendments of 1981, states were now required to establish project priorities and target funds to the most significant needs.

ii. The subsidy program provided funds for construction costs only. Operation and maintenance costs would be paid by the municipality. This type of program provides incentives to build expensive plants. Since the costs are spread out over many taxpayers, local areas have little incentive to keep construction costs down. This program also does not provide incentives for proper maintenance. A 1976–1977 EPA survey found that only half of the plants were performing satisfactorily. Enforcement is also difficult.

d. Pretreatment standards which regulate the quality of wastewater flowing into the waste treatment plants have been set by the EPA. These standards do not rely on economic incentives and are not cost-effective. Example 19.2 illustrates how these programs are not cost-effective using the Rhode Island jewelry industry as a case study.

e. Nonpoint source pollution has become a significant part of the total water quality problem. More intensive controls have been placed on point sources as an attempt to compensate for nonpoint sources.

i. Studies suggest that some nonpoint sources could be controlled at low costs, especially with policies aimed at reducing nitrogen use. These types of programs would represent large financial burdens to farmers, a factor that would need to be addressed

ii. McCann and Easter (1999) examined the size of transactions costs associated with agricultural nonpoint source pollution control policies. They found that a tax on phosphorous fertilizer had the lowest transactions costs for the Minnesota River.

iii. Schwabe (2001) finds that a uniform rollback of 30% reduction in total nitrogen loadings is the more cost-effective strategy for the nutrient heavy Neuse River in North Carolina.

iv. Since point sources have been so intensively regulated, it is possible that a balancing of control options for point and nonpoint sources would reduce costs. A study done by Industrial Economics (1984) on phosphorous control supports this hypothesis. The study for Dillon Reservoir in Colorado found that utilizing a program to control both point and nonpoint sources could achieve phosphorous target at $1 million a year less than if only the four point sources are addressed.

f. As point sources are controlled to higher degrees, the marginal control costs rise, thus making controlling nonpoint sources more feasible. 

g. In Europe, economic incentives such as effluent charges play a much larger role. Examples include effluent charges on BOD and suspended solids used in Czechoslovakia and charges that are related to the degree of compliance in the former West Germany. The German charge is scaled to the degree of compliance the charge is lower for emissions standards that are met. Hungary uses a charge based on the quality of the receiving waters. Sweden has experimented with the construction of wetlands to reduce nitrogen loads to the Baltic Sea.

h. For developing countries like the Philippines, water pollution control is further complicated by poverty, lack of enforcement and lack of technology
i. The current approach to oil spills relies on liability law to internalize costs. There are problems with this approach.

i. Legal solutions have very high administrative costs and take enormous amounts of time. Vessel owners will choose the level of precaution that equates the marginal cost of additional precaution with the marginal expected penalty. If imposed penalties equal the actual damage and the probability of having to pay the damage equals 1.0, the outcome would be efficient and would internalize costs. However, limited liability does not allow for all costs to be internalized since the vessel owner does not have to pay anything above the limit
j. Citizen suits have been on the rise, in part due to lax public enforcement (Public and private  enforcement as partial substitutes). Under the Clean Water Act, attorney’s fees incurred by citizens’ groups in successful actions must be paid by the defendant. Citizens suits lead to greater compliance, but complete compliance is not necessarily efficient if the defendant polluters face inefficiently high standards.
IV.  An Overall Assessment

a. One study summarizes of water pollution control policy and finds that the current net benefits are positive but are likely to become negative as cost escalate in the future.
b. Carson and Mitchell (1993) found that projected aggregate cost would exceed aggregate benefits because of the high marginal cost and low marginal benefits associated with bringing the remaining bodies of water up to swimmable quality.
c. The use of cost-effective policies would reduce costs substantially while not affecting the benefits. Economic incentives would also facilitate change better than technology-based standards that are rigid.
d. The possibilities of using marketable permits for water pollution control are being explored for many bodies of water in the U.S. Permits have value and thus will encourage firms to try to minimize costs. Economic incentives put pressure on sources to find better ways to control pollution.
V. Water pollution control policy in the Philippines

The National Water Resources Board is a water industry of the Philippine government under the Department of Environment and Natural Resources responsible for ensuring the optimum exploitation, utilization, development, conservation and protection of the country's water resource, consistent with the principles of Integrated Water Resource Management.
i. Coordinate and integrate water resource development activities of the country;

ii. Formulate general criteria, methods and standards for data collection, project investigation, formulation, planning design and feasibility evaluation, and rules and regulations for the exploitation and optimum utilization of water resources;

iii. Review and approve water resource development plans and programs of other agencies;

iv. Undertake river basin surveys, inventories and appraisals, and develop comprehensive basin-wide plans of storage and control to maximize the conservation and multi-purpose use of water;

v. Undertake hydrologic surveys and establish, operate and maintain observation station networks and centralized water resources data center;

vi. Conduct and/or promote special studies and researches with other government or agencies on related aspects of water resources development.






























































































