Water Pollution

Summary Of Chapter 19 – Tom Tietenberg

1. Water pollution control has two unique characteristics:

a. Recreation benefits are more important than for air pollution.

b. Large economies of Scale in treating sewerage and other wastes create the possibility for large centralized treatment, while for air pollution on site treatment is standard approach.

2. Types of waste-receiving water

a. Surface water – rivers, lakes, oceans used as a source for drinking water, swimming, boating, fishing.

b. Vast reserves of ground water – beneath a water table in soils or rocks, which is used primarily for irrigation and as a source of drinking water.

3. Sources of contamination.

a. Point sources, which discharge waste at a specific location through a pipe or ditch into lakes or rivers or oceans. Common point sources are municipal sewage and industrial sources.

b. Non-point sources affect the water in a more indirect and diffuse way. These sources include agricultural activity, urban storm – water runoffs, forestry activity. Contamination from agricultural includes eroded topsoil, pesticides and fertilizer; urban runoffs contains a number of pollutants including high quantities of lead.  The contamination of groundwater usually results in the migration of substances from sites where high concentration of chemicals can be found. These include industrial waste storage sites, landfills and farms. From policy standpoint non point sources are more difficult to control and have received little legislative attention. Non point sources now compose over half of the waste borne by the nation’s waters.

4. Ocean Pollution.

Oil spills and ocean dumping. 

5. Fund pollutants.

These pollutants include degradable pollutants, which are normally organic residuals, which are attracted and broken down by bacteria. This process by which organic wastes are broken down into its components consumes oxygen. As all higher life forms in water courses are aerobic, they require oxygen. If the waste load is large, the level of oxygen will fall and the less tolerant fish will die first. If the oxygen level becomes very low, the bacteria die and the stream becomes anaerobic. Such a stream becomes dark and stinks.  One measure of the condition of a body of water is the level of dissolved oxygen (DO). 

Oxygen sag is a location along a stream where the level of dissolved oxygen is low. Demand placed on a stream by a particular volume of effluent is called biochemical oxygen demand (BOD). Pollution charges might be imposed on the BOD of an effluent.

Some discharges by heating the water cause thermal pollution. This pollution lowers the oxygen content of the water and cause ecological changes.

Nitrogen and phosphorous are pollutants which are plant nutrients. These pollutants stimulate the growth of algae and waterweeds. A lake with excessive nutrients is atrophic. Persistent pollutants are not effectively broken down by the stream and accumulate in the water and in the food chain. Infectious organisms such as bacteria and viruses are carried into surface and ground waters by domestic and animal wastes.

Stock pollutants are non-degradable pollutants, which accumulate. The most dangerous are lead, cadmium and mercury. In an incident in Japan 200 people either died or suffered brain damage from mercury accumulated in the tissues of fish eaten frequently by local residents. Fund pollutants are difficult to monitor. 

6. US water quality legislation.

Until 1972 federal legislation was limited. In that year Congress passed the Federal Water Pollution Control Act. National goals were defined.

7. Policy objectives.

a. The zero discharge goal called for the elimination of all polluting effluents into navigable waters by 1985. The fisable-swimmable goal was written as an interim objective unlike the zero discharge goal could be achieved. The no toxics amounts goal prohibits the release of toxic substances in toxic amounts into all water resources.

b. Use designation. Among the issues they should consider are public water supplies, propagation of fish and wildlife, recreational activities and agricultural purposes. At minimum designated uses must be sufficient to support swimming and some fishing.

8. Water quality criteria.

To insure water uses are achieved EPA must establish criteria expressed as concentrations of pollutants or in qualitative statements (narrative criteria) or in terms of the condition of an aquatic system (biocriteria).

9. Classification of use support.

To sustain the use

Fully Supporting – meets criteria and designated uses

Treatened – meeting standards but there are concerns about degradation in the near future

Partially Supporting – meets standards most of the time

No Supports – fails standards

10. Improving water quality: controlling point and nonpoint sources.

The following instruments were established by the clean water act:

a. Efficient limitations and permits to control point sources.

b. Funding programs for publicly owned treatment works (POTW)

c. Nonpoint initiatives.

The chief control instruments are technology-based effluent limitations as the most important considerations in setting these limitations as technological limitations. This is a command and control approach but as polluters are allowed to choose the method by which the limit is achieved, making these limitations more accurately termed performance-based standard.

All point sources are subject to effluent limitations, which differ for various groups, such as publicly owned treatment works (POTW), indirect industrial polluters that release effluents to POTW’s and direct industrial discharges that release pollution directly to surface waters. However, within any designated group, standards are applied uniformly. For direct industrial discharges the standards are industry specific and vary by the age of the facility and the type of contaminant released.

Note the distinction between new and existing industrial facilities. As for air quality standards new sources must meet more stringent limits than existing sources.

New sources are subject to best-demonstrated control technology (BADCT)

Existing sources. For conventional pollutants best conventional control technology (BCT) and for nonconventional and toxic pollutants best available technology (BAT).  For BCT the standards include the consideration for the relationship between associated benefits and costs.

11. Permit system.

Once determined pollution limits are communicated through a permitting system called National Pollutant Discharge Elimination System (NPDES). The permits, which are administered through the states, indicate precisely what the effluent limitations are.

12. Analysis of effluent limitation.

The technology-based effluent limits have been blamed for the lack of progress towards achieving national objectives.

13. Imprecise statutory definitions.

The standards are based on what is technologically feasible, as opposed to what is necessary to achieve water quality. But these are waters for which the effluent limits are insufficient. These are considered to be “water quality limited” and require the setting of more stringent control called maximum daily loads (TMDL’s). These are to be met if the desired level of water quality is not being achieved, even if a polluting source is already satisfying the technology based limits. 

The fact that modification may be necessary calls into question the characterization of technology based limitations as “best”. The terms “best available” and “best conventional” are not exact terms. Without more careful guidelines and objective decision rules officials are left with the task of trying to infer what these terms mean.

14. Meeting zero discharge goal.

The zero discharge goal was overly ambitious and it is likely an inefficient objective since it is inherently benefit based. The legislation requires EPA to advance standards towards zero limit as new technology becomes available. But only in a few instances (on shore oil and gas wells) has this limit been imposed.

15. Lack of an efficiency criterion.

In the definition of the BCT standard there is a lack of precision in the reference to benefits and costs. According to the law, officials are to consider “the reasonableness of the relationship between the costs of attaining a reduction in effluents and the effluent reduction benefits derived. This is a far cry from setting abatement levels at the point where marginal benefits and marginal costs are equal. Also, in setting BAT standards only costs are among the list of determinants, there is no reference to economic benefits. As long as the law does not mandate that, standards be set to maximize net benefits, efficient abatement levels will not be achieved.

16. Cost-ineffective decision-making.

As all pollutants within an industry group are subject to uniformity of effluent limits marginal abatement costs will not be equalized across polluting firms and the program will not be cost-effective.

For evidence see Xeroxed page.

Also see Xerox of the simulation study of the Delaware Estuary.

17. The POTW funding program

Congress supports the construction of POTW, which are potentially significant sources of water contamination. These facilities release pesticides, heavy metals, viruses and bacteria. Unless municipal wastewater is properly treated, the pollution threatens ground water, surface water, and aquatic life.

Prior to 1984 the federal government cost share was 75%. This was reduced to 55% in 1984, when state aid was added the municipal share was only 5%. These were little incentives to minimize costs. This was a waste of resources. Also, as the program subsidized construction not operating costs, the plants were not operated effectively. During the 1970s inspections showed that only half the plants were operating effectively.

One study showed that if the local share were increased significantly, capital cost would be reduced by as much as 30%. Furthermore, there is evidence that only a small portion of federal funds were incremental to what would have been spent anyway by local governments. Be that as it may the percentage of the population that is served by at least secondary treatment doubled between 1968 and 1996.

18. Non-point source management program.

In 1987 the government added a program that called far the development of programs to control non-point sources. By the primary responsibility to develop programs to deal with non-point rests with the states.

19. Delegating to states the pros.

Non-point sources are difficult to identify and isolate. As run off sources depend on precipitation and weather, geological conditions and soil patterns vary from location to location. The use of centralized, broad-based controls is likely to be ineffective. Also, non-point run off is associated with agriculture, mining, forestry and urban development that historically have been controlled by local governments.

20. The cons of state action.

The state has little information on non-point pollution. There is simply isn’t much. Also,  inconsistent actions by one state will harm the waters of another state – EPA is charged to arrange for interstate management.

The federal government spends only 1.6% of total expenditures on water quality on non-point sources. And this percentage has gone down in time. Also, federal farm support which tend to promote specialization in certain crops. Planting the same crops year after year depletes the soil and increases vulnerability to pests and so increases the use if fertilizer and pesticides. 

Studies of non-point sources have investigated whether tax on nitrogen use would be burden to farmers. It was found that quantity restrictions would reduce revenues quite a lot and as the demand for nitrogen is price inelastic very high rates of taxation would be needed. These results suggest that unilateral state control would be different because it would place the farmer in that state in jeopardy. If all state acted together, the costs could be passed on to consumer.

Also, a study in Colorado where municipalities (point sources) co-exist with a large number of non-point sources as sources of phosphorous the convention way of concentrating on point sources increased costs. So that a more balanced program could be achieved at a substantial cost saving. The more general point is their as point sources are controlled to higher and higher degrees rising marginal costs will make controlling non-point sources increasingly attractive.

21. Pollution charges and permits.

Charges could be used to control water pollution, especially if they are varied by location to account for varying damages. Europeans (Germany) instituted charges over the opposition of states and the industrial sector. The charges are decreased sharply if dischargers comply with mandated minimum standards. If the polluter uses technology-based standards, the charges are reduced by 75%, thus have greatly increased investment in waste treatment.

Some permit markets have been introduced in the US at state level but the number of trades has been quite limited. But these early programs seem to be the result of special circumstances such as rules on who could participate and when rules would expire. Also, program participants still had to meet technology-based effluent limits thus is likely to decrease their interest in trading in permits. 

22. Pretreatment Standards.

See Xerox of case study of Jewelry in Rhode Island.

23. Summary

a. Historically emphasis is on control of conventional pollutant

b. More recently more emphasis on control of toxics and the protection of ground water and oceans.

c. Unlike air pollution where there has been a shift towards more cost effective approaches, the control of water still relies on municipal wastewater treatment and standard imposed on industrial sources.

d. Until recently non-point sources have been ignored.

e. Technology progress is not stimulated by the current approach. There is too much relevance on direct regulation rather than on permits or taxes. The US could learn from the experience of Europe.

f. The court system has assumed responsibility of oil spills. In practice this approach has been hampered by liability limitation and the very high cost of oil spill court case (See Xerox of case study)

24. Protecting drinking water.

In 1993 400,000 residents of Milwaukee became ill from a water-borne disease. More than 40 persons lost their lives. This was the result of human error, aging facilities, illegal discharges and monitoring failures. Ground water is the source for 50% of Americans including 99% of rural residents.

25. Water legislation.

Federal legislation of water quality dates back to 1912. The Sale Drinking Water Act of 1974 allows EPA to establish drinking water standards. The 1996 amendments integrate risk assessment and benefit cost analysis into standard setting procedures. These amendments also authorized 91 billion a year in federal funds for infrastructural investments.

26. Relationship of SDWA to other laws.

a. The act is more focused and designed to tap water safe.

b. The goals of SWDA are not independent of Clear Water Act.

c. Groundwater protect is more fragmented. Many statutes implemented by different government agencies. But no unified oversight. Limited recently there was the false belief that groundwater was protected from contamination by soil and rock. But every state has found same contamination in ground water.

d. The Food and Drug Administration regulate bottled water, but there is no indication that bottled water is safer than tap water as the same health standards are applicable to both. Also, it is alleged that some bottled water is tap water only about 1000 times more expensive.

The 1986 amendments list 83 contaminants for which drinking water standards are to be set. Many of substances covered are included in superfund legislation and the pesticides, which must be registered under other legislation. 

27. The establishment of drinking water regulations consists of these parts:

a. The setting of maximum contaminant level goal. This defines the level of a pollutant at which no known adverse health effect occur (MCLG).

b. The setting of maximum contaminant level (MCL) to be set or close on possible to MCLG as possible.

c. Where feasibility is determined by BAT.

28. Benefit cost analysis of new arsenic standard.

See Xerox.

The pricing of water.

Addendum.

Industrial Water Pollution

By

Winston Harrington.

1. In 1971 Congress rejected effluent-charge amendments. A command and control system appeared to provide more assurance that reductions in pollution would be achieved.

2. Two basic tools 

a. Wastewater treatment

b. Regulations governing water from point saurus.

3. Regulations for POTW.

To deal with organic waste containing about 300 milligrams per liter each of BOD and total suspended substances TSS and phosphorous and nitrogen. In 1968 60% of households served by POTW had secondary treatment (use of physical processes – skimming, screening, setting) followed by biological processes that removed 80-90% of BOD and TSS. One general objective was to have secondary treatment throughout the U.S. and tertiary treatment where necessary.

4. Typical restriction on POTW.

a. Specific limitations on wastewater and sludge.

b. Limitations on concentration of numerous toxins. 

c. Criteria for uses of sludge.

d. 85% removal of BOD.

e. Requirements on effective operation and maintenance.

5. Regulations for indirect discharges.

Much industrial waste is similar to domestic waste (organic material). This can be treated in POTW. However, industrial waster can create problems. Toxic, or highly acidic or alkaline material can disrupt the microbial ecology of wastewater treatment. Toxic and other wastes can pass through untreated. Alcohol can pose threat of fire.

6. Pretreatment guidelines.

Set up a pretreatment program plus specific prohibition against certain industrial discharges. There are technologically based pretreatment standards. For other industries standards for pretreatment are set at state or local level or delegated to POTW. These treatment standards to new and existing plants discharging into sewers were designed to prevent interference with plant operations and limit pass-through of untreated pollutants. 

7. To set local limits for pollutant discharges by industry, the POTW conducts a headwork analysis to determine what a plant can safely accept from non-household sector. The amount so allocated is called Maximum Allowable Industrial Loading (MAIL).  Now the POTW must allocate these loads to industrial uses and at least one in Passaic N. J. uses tradable permits to allocate these loads. 

8. Regulations for direct industrial discharge.

EPA had to set up technological regulations for 30 broad industry groups. To establish Best Practical Technology (BPT), which was based on the average of the “best” plants. Best Avail Technology (BAT) is the best of the best. Still more stringent were New Source Performance Standards (NSPS).

9. Role Inputs.

To set these standard EPA had to collect a vast amount of information and to establish pollutants discharges in hundreds of industrial subcategories. Due to the great heterogeneity in products and processes each industry had to be broken down into subcategories – 360 industrial subcategories. But the effluent guideline process was remarkably productivity. 

10. BAT standards.

The 1977 Amendments put a greater focus on toxics and EPA had to set standards for toxic pollutants in 23 industries. EPA had trouble implementing the standard for toxics and as late as 1992 only 33% of discharge had permits based on BAT. The rest had permits based on the best professional judgment (BPJ) of the permit writer.

11. Zero discharge.

BAT retains to this day an end-of-pipe focus and EPA has issued zero-discharge regulations in few industrial categories.

12. Regulation stringency.

There is little evidence that industry intervened to control the content of regulations. An independent evaluation showed that the quality of the documents prepared by EPA – whatever the information presented was internally consistent and whether calculations could be replicated had a marked impact in the stringency of the standards adopted. Also, staff turnover during the process was associated with a significant weakening of the standards.

13. Costs.

There is considerable evidence that marginal cost of BOD abatement vary by industry and by plant size. For ducks small plant the marginal costs $3.15 per kg while for chicken large plants it is only $0.10. But EPA did not emphasize cost-effectiveness instead is concentrated on affordability, a criterion that focuses on the overall impact of regulations on the financial health of firms and on the workers in the industry.

14. Comparison of exante and expost costs. 

The actual compliance cost in 1986 is much less than the predicted costs in 1979. Three explanations:

a. The 1979 estimates were based off the shelf technology and did not allow for technological change.

b. The baseline level of pollution control was better than EPA expected.

c. The regulations were relaxed during the time between the contractors report and the final promulgated standards.

15. Patterns of Abatement Investment.

Two types of investments are possible. End of pipe investments and process changes. Over time investments shifted towards process changes from 18% to 30%.

16. Have pollutant discharges been reduces.

In 1990 EPA estimated that full compliance with BAT based permits and secondary treatment for POTW would lead to 97% reduction in direct discharges. In 1985 the number of direct discharges found in non-compliance was relatively low 6-14%. But the standards were based not on BAT, but on BPJ. Secondary wastewater treatment in BOTW increased from 42% in 1970 to 74% in 1985.

For POTW the rate of significant non-compliance was 1% in 1990. But in audit of POTW pretreatment programs 54% of industrial users were found to be in significant non-compliance. They failed to observe at least one component of the POTW pretreatment programs.

So until the mid 1990s the pollution reductions were significantly less than what would have been achieved by full implementation. The failure accounts for at least part of the gap between predicted and actual compliance costs.

17. Has water quality improved?

Specific bodies of water – Potomac near Washington, Delaware near Philadelphia, Chicago River, Boston Harbor and New York. However, overall estimate have to come by.

These are 424 stations in National Stream Quality Assessment Network. During the 1980 there was no significant improvement in DO. But among 26 stations near urban areas there were greater improvements. Also, suspend ended solids did decrease. Improvements were slow because of incomplete implementation of Clean Water Act and because act did not do much about non-point sources. 

18. Changes in policy landscape 1972-2002.

These changes difficult to document because of lack of data.

POTW Construction Program. Because of federal subsidies these were very capital intensive and some areas were able to get construction grants that doubled their capacity and resulted in excess capacity.

This excess capacity allowed industrial discharges to send their organic wastes to be processed by POTW. A case in point is a Smithfields Food Plant discharging phosphorous into Chesapeake Bay. They had trouble meeting their obligations until the problem was resolved by piping the wastewater 20 miles to an underutilized POTW.

19. Trends in direct and indirect discharge.

Many industrial plants have s choice between seeking permits and discharging directly or sending wastewater to POTW. In the last 25 years there’s been a gradual shift towards indirect discharge. In Maryland the number of direct discharges has declined from 50 to 35%. In 1995 7000 direct discharges – more than half were POTW. At the same time there are 35,000 indirect dischargers. Costs are a consideration. One dairy plant reports $3.00 costs per lb. of BOD or TSS.  The fees changed by POTW are much less. They have excess capacity induced by the Construction Grants Program. 

Industrial firms have other reasons for avoiding direct discharge – the requirement for direct discharges are more stringent and are more closely scrutinized by the government and environmental watchdog groups.

This has following policy ramifications:

Through the mid 1940s the discharge regulation was less vigorous at POTW. The non-compliance for pretreatment permit requirements was 50%. Also, in some parts of northeast and Midwest have combine sanitary and storm sewer and their untreated wastes can bypass POTW and flow directly into water bodies.

20. The spread of water-based sewer surcharges.

POTW are now charging for BOD by the lbs and TSS and for nitrogen phosphorus and fats, oil and grease. The fee varies from $0.60 (Providence, R.I.) to $0.06 (Princeton, NJ).

21. Are these surcharges effluent fees? 

Are they large enough to have incentive effects? If so, then firms would install pretreatment. Clearly rates are not set with some aggregate emission target. Some fragmentary information for three dairy plants indicates the cost of pretreatment is less than waste-based fees. But information from other dairy operators suggests that pretreatment of dairy wastes is rarely cost-efficient relative to sending the untreated waste to the POTW and paying the fee.

But because of the fee firms reduce waste loads by changes in product specifications, production process, product sequencing and production runs. Yet, firms have not been fully adjustable as the author reports that the in one multi plant firm the central office paid the fees without being aware of what kinds of plants level waste reduction economies were available. 

In principal the POTW could control the level of industrial waste by changing the fee level. But it is unlikely that EPA would allow this instrument to be used as a rationing devise and would insists on quality restrictions based on a new headwork analysis. 

22. Conclusions.

A performance audit of clean water act in 1993 found considerable delays in promulgating the required BAT standards. In 1972 the focus of the program was on BPT, BAT, WSPS for direct discharges. But now with a shift towards indirect discharges the regulatory program is gradually evolving into an economic incentive program:

a. Waste-based surcharges

b. Use of permits or fees for direct discharges

Command and control appear to have a strong tendency to adapt by incorporating economic incentives into their structure.

