Solid & Hazardous Waste

· Cities have been viewed as

· centers for filth and disease

· degraded because of overpopulation

· Trash on the Yangtze river in China

· Nairobi once the “The Green City in the Sun” now “The Stinking City in the Sun”

· Western Europe up until the 19th Century

· Alexandria’s aroma jeopardizing city’s economy

Primary to secondary collection in Afghanistan

Open dump in Brazil

Scavenging an open dump in Brazil

Solid & Hazardous Waste

· In 1987, the Mobro 4000, a barge carrying 3,168 tons of garbage from Islip, New York, was turned away by six states and three countries. After traveling 6,000 miles over six months in search of a disposal site, it returned to Islip where its load was incinerated. 

Solid and Hazardous Waste

· Much of the world continues to inappropriately dispose of refuse: 

· proliferation of rodents and insects

· source of contamination to groundwater 

· polluting ambient air when combusted

· leading to increased disease

· e.g., typhoid, cholera  

· facilitating the spread of debris around the dump site 

· lowering property values near the site  

· encouraging the spread of disease from microorganisms and toxic materials

Solid and Hazardous Waste

· The Resource Conservation and Recovery Act (RCRA) of 1976

· Forbade open dumping

· Institutionalized the concept of the sanitary landfill

· Regulated hazardous waste

· Landfill siting and “NIMBY” syndrome

Solid and Hazardous Waste

· USEPA promoted reducing Municipal Solid Waste (MSW): 

· source reduction

· including reuse of products and backyard composting of yard trimmings

· recycling of materials including composting

· waste combustion

· preferably with energy recovery

· landfilling

Definition & Characterization of MSW

· MSW

· paper and paperboard

· yard trimmings

· food wastes

· plastics

· glass

· metal

· wood wastes

Characterization of MSW

· Does not include everything permitted in RCRA Subtitle D landfills, excludes

· Industrial non-hazardous waste 

· municipal sludge

· construction and demolition waste

· agricultural waste

· oil and gas waste

· mining wastes

MSW Generation

http://www.epa.gov/epaoswer/non-hw/muncpl/facts.htm
MSW as Products - 1996

33% containers and packaging

26.5% non-durable goods

15.1% durable goods

13.4% yard trimmings

12% food and other

Farms are also a source of Solid Waste

Food Waste (MSW) Facts 

· Generated:

· 25.9 million tons or 11.2% by weight.*

· 184.1 pounds per person.*

· Composted: 

· 680,000 tons, a 2.6% recovery rate.*

· Grocery store food processing trimmings are a prime resource for composting facilities.

· 350 food waste composting sites in 2000. Mostly at institutions, such as prisons or colleges. 

· A small number were off-site composting facilities, usually with yearly throughputs from 5 tons to 100 tons.

· New Jersey and Minnesota lead in food composting.

Food Waste Composting

· Process:

· Composting is the controlled decomposition of organic matter by microorganisms into a humus-like product by generating heat and energy to destroy weeds, plants and human pathogens.

· Backyard compost piles with food wastes must be tightly controlled to eliminate pests.

· Composting Costs: 

· Tipping fees usually are charged for incoming food waste.

Food Waste Incinerated or Landfilled

· 25.2 million tons or 15.6% of discarded MSW by weight.*

· Usually, it's the wettest component of MSW, with a moisture content of 70% and a Btu value one-third of MSW.

· 21.4 million cubic yards or 5.3% of landfilled MSW.

· In a landfill, food waste can decompose into methane.

· Landfilled food waste is 2,000 pounds per cubic yard.

· Food scraps, solid and liquid fats weigh 412 pounds in a 55-gallon drum.

Food Waste Sources

· Biocycle, Emmaus Pa. www.jgpress.com
Composting Council of Canada, Toronto. www.compost.org
· Cornell Waste Management Institute, Ithaca, N.Y. www.cfe.cornell.edu/wmi
· “Handbook of Solid Waste Management,” Kreith 1994

· “Municipal Solid Waste in the United States: 2000 Facts and Figures,” EPA, Office of Solid Waste, 2000. www.epa.gov/osw
· National Recycling Coalition, Measurement Standards and Reporting Guidelines, Washington, D.C., 1990 www.nrc-recycle.org
· U.S. Composting Council, Hauppauge, N.Y. www.compostingcouncil.org
· *2000 EPA estimates.


Computer waste ends up in developing countries

· Gold

· Silver

· Copper

· Steel

· Aluminum

Toxic compounds

· Lead

· Mercury

· Arsenic

· Cadmium

· Selenium

· Chromium

· 70% of Hg and Cd in landfills come from electronic waste

Collection & Disposal of Solid Waste

· removal of SW is a responsibility of government

· develop and enforce rules

· to protect the public health through proper collection and disposal of MSW

· vehicles, manually loaded compactors

· increases the load weight (carrying capacity)

· facilitates emptying at the disposal site

Transfer Station for additional compaction

Compactor hopper view, not seen is compaction ram

Segregation of MSW

· Some transfer stations also feature recycling bins for added processing 

· paper and cardboard

· plastic milk bottles

· metal cans

· glass containers

Management of MSW

· Nationally ~ 55% of the total MSW collected is landfilled

· ~ 17.2% is combusted

· most systems employ energy recovery

· ~ 27.3% is recovered

· for recycling or composting

Landfill Design

· Historically landfills have been sources of pollution

· producers of methane gas and odors

· breeding sites for pests

· The standards for landfill construction mandated under RCRA Subtitle D should prevent the above problems

Landfill Liners - Clay and Plastic

Landfills are not always secure
· Landfill caps or covers can be disturbed

· animals

· vegetation roots

· weather

· uneven settling

· chemicals or objects

Landfill Distribution

· < 2,400 MSW landfills today

· although the total landfill capacity has not declined considerably 

· The Northeast United States has the fewest landfills (208)

· and the fewest remaining years of landfill capacity

Source Reduction

· Activities that reduce the amount of the toxicity of wastes prior to entering the waste stream

· Reducing use by changing practices

· Products or package reuse

· Package or product redesign

· that reduces material or toxicity

Recovery for Recycling (Including Composting)

· Recycling or resource recovery

· Removing materials from MSW for a productive use

· conserving resources

· reducing demand for virgin and nonrenewable stocks 

· reducing pollution & saving energy

· using secondary materials that require less energy to process 

Recycling  Rates

http://www.epa.gov/epaoswer/non-hw/muncpl/facts.htm
The Northeast serves

· > 43 million people

· > 80 % of its population with a curbside recyclables program

Materials recycling facilities (MRFs) prepare recyclables for marketing 

A magnet removes steel objects and recyclables are separated manually 

Recovery for Recycling (Including Composting)

· Glass bottles are separated and ground into small smooth pellets called cullet by color

· clear

· brown

· green glass

Composting

· A controlled process of degrading organic matter by microorganisms

· into a humus-like material

· often low in plant nutrients

· useful for conditioning soil by

· improving soil porosity

· aeration

· increasing water retention

Composting

· Operations range from simple to sophisticated

· simple - backyard compost pile

· sophisticated

· the entire process from shredding to aeration, curing, and finishing are performed in an in-vessel composting system

Compost Grinding

Windrow Composting is Most Common
Compost Uses Are Likely to Increase

· For wetlands mitigation

· Land reclamation

· Storm filtrates

· Soil amendments

· Mulches

· Low-grade fertilizers

· Consumer use compost
Current Uses of Compost
MIL-waukee-ORGAnic-NITrogEn

Combustion to Treat MSW

· Waste-to-energy (WTE)

· combustion with the production of energy

· Incineration

· combustion of MSW without energy recovery

· Mass burn

· although many incorporate recycling

· remove noncombustible items such as metals and glass prior to burning

· The facility is designed in stages to minimize emissions

WTE Combustion
Hazardous Wastes

· Background

· Woburn, MA - The Movie “A Civil Action”

· Acute lymphocytic leukemia

· Times Beach, MO

· Dioxin contaminated oil sprayed on roads

· Love Canal

· 19,000 tons of toxic wastes

· Emergence of Environmental Equity

What is Hazardous Waste?

· The Resource Conservation and Recovery Act (RCRA) of 1976

· any discarded material that may pose a substantial threat or potential danger to human health or the environment when improperly handled

· a solid waste that is hazardous by characteristic or listing (solid, liquid, gaseous)

Bioaccumulation and biomagnification of PCBs in Great Lakes (Environment Canada)

RCRA Created a Cradle to Grave System

· To protect public health by: 

· defining what wastes are hazardous 

· tracking wastes to the point of disposal 

· assuring that treatment, storage, and disposal (TSD) facilities

· meet minimum national operating standards

· closure standards

· financial responsibility for releases 

The 1984 RCRA Hazardous and Solid Waste Amendments (HSWA)

· Focuses on protecting groundwater 

· land management facilities restrictions

· stricter requirements for landfills 

· phase-out of untreated HW in landfills

· increasing who is regulated + SQG

· detection, control, and management of hazardous liquids (primarily petroleum) in underground storage tanks

The Management of Hazardous Wastes

· 3 major options for managing HW: 

· reducing the amount generated or recycling/reusing the hazardous material after its generation

· Waste Minimization Plans

· Pollution Prevention Act of 1990

· reducing the volume and/or toxicity 

· long-term storage or disposal

HW Options
Reducing the of Generation of Hazardous Waste

· Generation can be minimized by: 

· eliminating or substituting

·  less hazardous raw materials 

· changing the manufacturing process

· reduce or eliminate hazardous waste

· separating or segregating waste

· at the source to prevent the contamination of non-hazardous waste

Changing the manufacturing process

HW Disposal Options

· Reduce

· Recycle

· Treat

· Landfill 
Technologies for Hazardous Waste Treatment

· Biological

· Similar to WW Treatment

· Chemical

· Neutralization, Oxidation, Precipitation

· Physical

· Activated Carbon, Distillation, Filtration, UF, RO, IE

· Solidification/Stabilization

· Physical and Chemical methods for a solid inert substance

· to prevent leaching

· particularly suited for metals & inorganics

· Thermal Treatment

· Incineration, oxygen rich

· Pyrolysis, oxygen poor

Legacy Pollutants - Cleaning Up

· < 80’s, it was common practice for industries and municipalities to haul wastes to a depression in the ground, dump them, and cover them

· In many cases, drums of toxic wastes were simply stored in piles on-site 

Abandoned Drums

Cleaning Up - The Superfund

· In 1980, CERCLA was passed

· Comprehensive Environmental Response, Compensation, and Liability Act 

· AKA “Superfund” authorized the federal government to spend $1.6 billion for emergency clean-up activities

· a trust fund financed primarily by excise taxes on chemicals and oil, and an environment tax on corporations

CERCLA Liability Applies to Potentially Responsible Parties
Superfund

· USEPA established a hazard-ranking system (HRS)

· based on the estimated hazard potential of the hazardous waste site, factors

· waste characteristics

· the distance to the local population

· the distance to surface water, groundwater, and drinking water supplies

Superfund

· Environmental groups and citizens charged that RCRA & CERCLA was not being vigorously enforced

· Congress responded by passing the Superfund Amendments and Reauthorization Act of 1986 (SARA)

· increased the program’s funding and provided new and stricter standards

Superfund

· There are now ~ 33,000 hazardous waste sites under Superfund 

· > 1,500 of these sites are on the USEPA’s National Priority List (NPL)

· In 1997, ~ 750 were in the stage of construction completion

· ~ 50 sites remedial assessment had not yet started

· Brownfields

· estimated at 500,000 nationwide

· stagnant sites

Superfund Site Status as of 9/2000

