Chapter 9: Solid Waste

Objectives:

Describe the principal programs and goals of RCRA.

Describe the “cradle to grave” system for managing hazardous wastes.

Using RCRA definitions, distinguish between hazardous and nonhazardous wastes.

List the five characteristics established by the EPA for identifying hazardous wastes.

Describe the management, treatment and disposal methods for solid wastes

Discuss the benefits and trade-offs of using incineration as a waste treatment method.

Discuss the EPA developed criteria for providing better protection for the public from hazardous material placed into disposal site

Discuss the different disposal requirements for low-level and high-level radioactive wastes and the oversight responsibilities for the two types of wastes.

Discuss methods to involve the community in decision making process for waste disposal sitting.

Discuss public concern issues with waste disposal sitting.

Dumps to landfills 2.7 ppd in 1960 to 4.3 ppd in 1990 of municipal solid waste == 1,000 to 1,500 pounds per year

Hazardous wastes produced at more than one ton per person per year (1993)

9 million tons of toxic chemicals discharged directly to the environment

Chemical and petroleum industry generates 70% of the hazardous waste in the US

(1985) 16,000 active sanitary landfills == 1995 only 3,000 remain

East Coast expected to run out of landfill space by 2000

1. Types and Classifications

RCRA - Resource Conservation and Recovery Act 1976

CERCLA - Comprehensive Environmental Response, Compensation and Liability Act 1980 (aka Superfund)

SARA - Superfund Amendments and Reauthorization Act 1986

Federal Facility Compliance Act 1992

Homeowners - municipal nonhazardous waste (usually)

Industry - generally speaking, hazardous wastes sludges from water and wastewater treatment plants

RCRA - solid waste, hazardous waste, and underground storage tank programs (Table 9.2, p. 173). Established distinctions between solid nonhazardous waste and solid hazardous wastes.

Solid nonhazardous wastes - Any garbage, refuse, sludge from a waste treatment plant, water supply treatment plant or air pollution control facility and other discarded material, including solid, liquid, semisolid, or contained gaseous material resulting from industrial, commercial, mining, and agricultural operations and community activities.

Specifically excluded solid or dissolved material in domestic sewage.

Cardboard, paper, yard wastes, and construction debris major fraction of typical municipal solid waste stream.

Hazardous waste - Any solid waste, or combination of solid wastes, which because of its quantity, concentration or physical, chemical or infectious characteristics may:

- cause or significantly contribute to an increase in mortality or an increase in serious irreversible, or incapacitating illnesses; 

- pose a substantial present or potential hazard to human health or the environment when improperly treated, stored, transported, or disposed of, or otherwise managed.

EPA specifications for hazardous wastes: ignitable, corrosive, reactive, or toxic, (or listed).

Title 40 CFR lists almost 300 substances as hazardous wastes.

2. Management and Disposal

“End of Pipe” vs pollution prevention

1984 Hazard and Solid Waste Amendments, RCRA - pollution prevention has priority over management of wastes after generation

Pollution Prevention Act 1990 - US policy that, whenever feasible, pollutants that cannot be prevented should be recycled, and those which cannot be prevented or recycled should be treated and disposed of in an environmentally safe manner.

Waste Management

EPA requires generators of hazardous waste to have a waste minimization program.

Same requirement for treatment, storage and disposal (TSD) facilities.

Waste minimization includes:

Separation or segregation of waste, elimination or substitution, changing manufacturing process.  See Table 9.6

Recycling - employ the waste as an ingredient for another product.  Household recycling has contributed to overall reduction of waste going to landfill disposal.

Tradeoffs: specialized trucks, additional pickups, labor intensive more fuel used, increased air pollution.

Industrial recycling in paper, cardboard and aluminum

Potential problems: quality of paper, different plastics, colored glass, radioactive steel, fluctuating prices

Demand must exist for recycled products: consortia, US government Material exchanges Waste Treatment

Neutralize, recover energy or material resources, render it nonhazardous or less hazardous; or make it safer to transport, store or dispose of, more amenable to recovery or storage, or smaller in volume.

Thermal, chemical, or biological. Stabilization for inorganics Because of various techniques, EPA establishes general requirements to assure safe containment.

Biological - microorganisms to detoxify organic compounds (PCBs, petroleum products)

Physical - carbon adsorbsion

Chemical - neutralize acids or alkalines, detoxify chlorinated substances, oxidize, coagulate

Solidify - reduce compounds ability to be transported by water

Incineration - destroys organic wastes, reduces volume, produces a waste that minimizes long-term ground subsidence and leaching, energy recovery (estimated up to 4% of US electricity demand)

Tradeoffs: Burned PVCs produce HCl = corrosive to incinerator and harmful to human and ecological health.  Incomplete combustion or organics in the presence of chlorides can form dioxin.  High temperatures and mixing of the combustion air can reduce the formation of dioxin.

Waste Disposal

Landfills - waste placed into cells within trenches, compacted and covered daily.  Liners placed beneath the wastes. Leachate collected and managed.  Surface water directed away from landfill.  (Figure 9.1)

Surface impoundments - contained areas used to treat, store, or dispose of liquid hazardous wastes.

Underground injection wells - encased shaft placed deep into the earth, wastes are injected under pressure.

Waste piles – non-containerized insoluble solid, non-flowing hazardous wastes.

Land treatment - sludges applied or incorporated into the land. Microbial action, weathering, plant uptake reduce hazardous constituents.

1984 Amendments to RCRA - EPA developed new criteria to provide better protection for the public from hazardous material placed into disposal sites:

Location - not in floodplains, sinkholes, wetlands or near airports, landslides

Design - protect groundwater, liners, covers, collection systems

Operation - daily cover, restricted access, hazardous waste rejection, runoff protection

Monitoring - leachate and methane

Closure and postclosure care - final cover to keep water away from the wastes, 30 years of cover maintenance, monitor groundwater, collect and monitor gases.

Hazard of plastics and nylon fishing line to marine mammals greater than oil spills and toxic material.

Natural gas production - fuel for internal combustion engines

Trend of less wastes to landfills and more to recycling (Table 9.8)

3. Cleanup of Disposal Sites

Superfund Act of 1980 - EPA designated sites for cleanup, currently 33,000 hazardous waste disposal sites, of which 1,300 are NPL

Identification of PRP – potentially responsible parties are located and given the opportunity to cleanup, if not, EPA uses Superfund funding to cleanup, then seeks reimbursement from PRP

Early cleanup involved excavation, however, new technology uses vapor extraction, solidification/stabilization, thermal desorption, biological treatment

Superfund Innovative Technology Evaluation (SITE) - new, bench-proven technology applied to Full-scale NPL sites.

Once groundwater becomes contaminated, cleanup may take 20-40 years.

Restoration of the sites to a pristine state is not always necessary or technically or financially feasible.

4. Management of Radioactive Wastes

Low-level radioactive wastes - States design, construct, operate disposal facilities.  Uranium mining tailings,  decommissioning/decon of nuclear power plants, radioactive wastes from medicine, research and industry, operation of nuclear power plants

Mine tailings stabilized in place, protected from erosion

80% of total radioactive wastes generated by the commercial sector is low-level, but only 1% of the total radionuclides being disposed of.

Disposal in vaults and bunkers (Figure 9.3)

High-level radioactive wastes - DOE responsible for management of wastes. Spent fuel from commercial nuclear power plants stored on site in the US.  Relatively “small” volume of waste generated - 30 tons of high level waste per year from a 1,000 MW nuclear electric generating station.  Geologic disposal has been method of choice, other nations use interim (50 years or more) storage.

5. Public Concern

NIMBY - not in my backyard

Superfund required EPA to involve community in decisions.  Sitting of waste treatment and disposal facilities will require:

- integrated strategy for waste reduction, detoxification and recycling

- continuous interaction of stakeholders

- guarantees to instill public confidence (concerns: failures of government to enforce in past, closed meetings, underestimation of public’s understanding of technical issues, engineer vs. public)

Inconclusive epi studies for increased adverse health effects of population living near hazardous waste sites (Love Canal). 

Difficult to establish patterns of exposure, small populations, common symptoms (headaches, dermatitis, respiratory), cancer latency period.

6. General Outlook

Land disposal for most hazardous and radioactive wastes.

Radioactive wastes - thousands of years to decay.

Hazardous wastes will remain toxic for hundreds of thousands of years

Life cycle analysis

Systems approach (coal burning power plant with scrubbers vs alternative power)

Lifestyle changes from the public required, biodegradable products, avoidance, recycling.  Plastic Reduction in number of landfill sites
