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Summary

Hazardous waste pollution, hazardous waste terminologies, various on-site, off-site, in-
situ and ex-situ environmental remediation technologies, and case histories are
presented in detail in this section. The topics of soil remediation technologies covered
here include: excavation, stabilization, solidification, vapor stripping, vacuum
extraction, thermal desorption, incineration, starved air combustion, pyrolysis, hot air
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enhanced stripping, steam enhanced stripping, thermal extraction, subsurface
volatilization and ventilation, vitrification, soil surfactant flushing, soil washing, soil
bioremediation, bioventing, slurry bioreactor, chemical treatment, KPEG treatment and
natural attenuation. The topics of groundwater decontamination technologies covered
here include: air stripping, ultraviolet radiation, oxidation, carbon adsorption,
groundwater bioremediation, sewer discharge, liquid/liquid (oil/water) separation, free
product recovery, in-situ flushing, trenching, containerizing and dissolved air flotation.

If the hazardous substances at industrial, commercial and agricultural sites were
properly handled, stored, transported and/or disposed of, there would be no
environmental pollution and no need to execute any site remediation. With this concept
in mind, the goal of in-plant hazardous waste management is to achieve pollution
prevention and human health protection at the source of hazardous substances. The In-
Plant hazardous Waste Management section begins with hazardous waste terminologies
and characteristics. Special emphasis is placed on the manifest system, hazardous
substances storage requirements, underground storage tanks, aboveground storage
tanks, hazardous substances transportation, hazardous waste handling, and disposal.

1. Hazardous Waste Characteristics

Most hazardous wastes are produced in the manufacturing of products for domestic
consumption or further industrial application. Rapid development and improvement of
various industrial technologies, products and practices frequently increase the
generation rate of hazardous substances (including both useful materials and waste
materials).

These hazardous substances, which can be in the forms of gas, liquid or solid, must be
properly handled in order to protect the plant personnel, the general public and the
environment. The term "hazardous substance™ refers to any raw materials, intermediate
products, final products, spent wastes, accidental spills, leakages, etc. that are hazardous
to human health and the environment. Technically speaking, all ignitable, corrosive,
reactive (explosive), toxic, infectious, carcinogenic and radioactive substances are
hazardous.

According to USA Resource Conservation and Recovery Act (RCRA) of 1978, a waste
is considered hazardous when it poses a threat to human health or the environment.
Under RCRA regulations, all hazardous wastes are solid wastes regardless of their
actual physical form, whether gas, liquid, solid or sludge, because they must be properly
stored for handling and disposal.

In the past twenty five years, industry, government and the general public in industrially
developed as well as developing countries have become increasingly aware of the need
to respond to industrial hazardous substance problems.

Some hazardous wastes or mixtures of hazardous wastes (such as cyanides, hydrogen
sulfide and parathion) are extremely or acutely hazardous because of their high acute
toxicity. These extremely hazardous wastes, if human exposure should occur, may result
in disabling personal injury, illness or even death.
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Although the properties of hazardous substances may sound alarming, the managerial
skills and technologies used to handle, store or treat hazardous substances are available.
Modern technology exists to build and maintain environmentally sound industrial
facilities that effectively produce useful products and at the same time render hazardous
waste inert. Environmental laws, rules, regulations and guidelines also exist to ensure
that modern technology will be adopted by the owners or plant managers for industrial
facilities.

2. Industrial Site Management

This section is intended to help the plant owner, the plant engineer/manager, their
contractors, their consulting engineers and the general public. The first step of site
management is to determine whether or not the waste generated or the accidental release
(i.e. spill or leak of chemical/biological substances) is hazardous. Accordingly, waste
characterization becomes a critical step in determining how a waste should be handled
in bulk or in packaged form. Common hazardous wastes are: (1) waste oil; (2) solvents
and thinners; (3) acids and bases/alkalis; (4) toxic or flammable paint wastes; (5)
nitrates, perchlorates and peroxides; (6) abandoned or used pesticides; and (7) some
wastewater treatment sludge. Special hazardous wastes include: (1) industrial wastes
containing the USEPA priority pollutants; (2) infectious medical wastes; (3) explosive
military wastes; and (4) radioactive wastes or releases.

In general, there are two ways a waste or a substance may be identified as hazardous: it
may be listed in the Federal and/or the State regulations or it may be defined by its
hazardous characteristics. Specifically, under RCRA, a hazardous waste may be a
designated waste or a characteristic waste.

A designated waste (listed hazardous waste) in USA is one that is specifically listed by
USEPA as hazardous (such as hydrogen cyanide). A characteristic waste is one that
exhibits any one of the characteristics of ignitability (easily catches fire, flash point
below 140 °F), corrosiveness (easily corrodes materials or human tissue, very acidic or
alkaline, pH of < 2 or > 12.5); reactivity (explosive, produces toxic gases when mixed
with water or acid), extractive procedure (EP) toxicity (can leach toxic chemicals as
determined by a special laboratory test), or radioactivity.

At the U.S. Federal government level, an ignitable waste is defined as any liquid with a
flash point of less than 60 °C (140 °F), any non-liquid that can cause a fire under
certain conditions or any waste classified by the U.S. Department of Transportation
(USDOT) as a compressed ignitable gas or oxydizer. A corrosive waste is defined as
any aqueous material that has a pH less than or equal to 2, a pH greater than or equal to
12.5, or any material that corrodes SAE 1020 steel at a rate greater than 0.25 in/year (1
in. = 2.54 cm). A reactive waste is defined as one that is unstable, changes form
violently, is explosive, reacts violently with water, forms an explosive mixture with
water, or generates toxic gases in dangerous concentrations. A toxic waste is one whose
extract contains concentrations of certain constituents in excess of those stipulated by
the Safe Drinking Water Act (SDWA). The hazardous waste identification regulations
that define the characteristics of toxicity, ignitability, corrosivity and reactivity, as well
as the tests for these characteristics, can vary. In the State of California, USA, for
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example, a waste or a material is defined as hazardous or extremely hazardous because
of its toxicity if it has one of a variety of LD50, LC50, bio-accumulative, persistent,
reactive or carcinogenic properties, among others. In addition, concentration limits for
particular chemicals that are common to hazardous wastes may be set forth. Since
different countries and jurisdictions within them have their own criteria for defining
hazardous wastes, the plant manager of an industrial site handling hazardous substances
should contact local environmental authorities for details. In order to find out if the
waste on the site is hazardous, or even acutely hazardous, a plant manager may also
check with: (1) the supplier of the product (request a hazardous material safety data
sheet); (2) laboratories; (3) trade associations; and/or (4) environmental consulting
engineers and scientists. Besides this, self-reviewing the State and/or Federal hazardous
waste regulations for the purpose of verification is always required.

The best available disposal techniques for disposal of hazardous solid wastes are listed
in Table 1 (A and B), which is recommended by the Massachusetts Department of
Environmental Management, Bureau of Solid Waste Disposal, U.S.A.

3. Manifest System, Storage and Transportation
3.1 Government Regulations

In general, two activities determine the generator category of an industrial plant: the rate
at which the plant generates and how much the plant stores (accumulates). Under new,
more flexible regulations in USA, the amount and length of time an industrial plant can
accumulate wastes may vary according to the type of waste. Generator status is
designated according to categories, as is demonstrated by the following Massachusetts
guidelines:

1. Large Quantity Generator (LQG): generates more than 1000 kilograms (2200
Ibs.) of hazardous waste in a month; once the first 1000 kilograms has been
accumulated, the waste must be shipped within 90 days; there is no limit to the
amount that can be accumulated,

2. Small Quantity Generator (SQG): generates less than 1000 kilograms of
hazardous waste in a month, and/or less than 1 kilogram of acutely hazardous
waste (acutely hazardous waste is listed in the State regulations), and

3. Very Small Quantity Generator (VSQG): generates less than 100 kilograms of
hazardous waste in a month and generates no acutely hazardous waste.

There are different waste management requirements for each generator status.
3.2. Manifest System

Hazardous waste and waste oil documentation may use a manifest approved by the
government. For instance, as a generator an industrial plant in USA always retains
responsibility for hazardous waste. If the plant's waste is dumped or disposed of
improperly, the plant manager and the owner will be held responsible. It is therefore
important that the plant manager or the owner knows where the plant's waste is going
and whether or not it is handled properly and safely.
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U.S. Federal law (the Resource Conservation and Recovery Act of 1976, known as
RCRA) requires a national “cradle to grave" tracking system for hazardous waste. In the
State of Massachusetts, for instance, every shipment of hazardous waste by a large or
small generator must be transported by a licensed hauler and sent to a licensed
treatment, storage or disposal facility (TSD) or to a permitted recycling facility, and
must be accompanied by a multi-part shipping document called the Uniform Hazardous
Waste Manifest.

Manifests must be delivered within time limits designated by the rules of the receiving
state. For all generators, copies of all manifests and any records of tests and analyses
done of the hazardous waste must be kept for at least 3 years, and for the duration of
any enforcement action. The most common problems in completing the manifest are
clerical. For clarity, because this is a multiple carbonless copy form of about 8 pages,
typing is strongly recommended. The generator should check for legibility of all copies
before transferring the manifest to the transporter at the time of shipment. The generator
must ensure that all information is complete and accurate. To transport wastes for
disposal, a generator in USA must have a program to reduce the volume and toxicity of
waste generated, which is intended to encourage good management practices. Large
quantity generators are required to report how they are reducing waste in their annual
reports.

3.3 Transportation of Hazardous Wastes

Shipping Hazardous Waste must be handled carefully and legally by environmental
engineers and managers. In USA, all hazardous waste must be transported in containers
that are labeled with the words HAZARDQOUS WASTE, the name of the waste, the type
of hazard (i.e. toxic, flammable, etc), and the generator's name, address and USEPA ID
number. Many transporters are authorized to assist the plant manager in preparing the
plant's hazardous waste for shipment.

The following is a summary of recommended procedures for shipping hazardous wastes
from an industrial plant to another location:

1. Selecting a licensed transporter and a hazardous waste facility that will
receive the plant's waste;

2. ldentifying the waste based on a licensed engineer's testing or certified
laboratory testing prior to shipping the waste;

3. Obtaining an identification number

4. Obtaining a manifest for a shipment of waste destined for disposal; and

5. Shipping the plant's waste in accordance with transportation regulations.

3.4 Standards for an Accumulation Area for Hazardous Waste Storage
The accumulation or storage area of an industrial plant (i.e. a generator) must meet
certain following conditions for both containers and tanks in accordance with the home

State regulations in USA. The hazardous waste regulations in force in Massachusetts are
listed below as a reference:

©Encyclopedia of Life Support Systems (EOLSS)



HAZARDOUS WASTE MANAGEMENT - Hazardous Waste Management: A United States Perspective - Lawrence K. Wang

1. Above-ground tanks and containers must be on a surface which does not have

any cracks or gaps and is impervious to the hazardous wastes being stored;
Area must be secured against unauthorized entry;

no

3. Area must be clearly marked (i.e. by a visible line or tape, or by a fence) and be

separate from any points of generation;

4. Area must be posted with a sign: "HAZARDOUS WASTE" in capital letters at

least one inch high (1 inch = 2.54 centimeters);

5. An outdoor area must have secondary containment, such as a dam or dike, that
will hold any spill or leaks at: (a) 10% of the total volume of the containers or

(b) 110% of the volume of the largest container, whichever is larger; and

6. Any spillage must be promptly removed; in general, if the hazardous waste
being stored has no free liquids, no pad or dam is required provided that the

accumulation area is sloped or the containers are elevated.

3.5 Standards for Waste Containers and Tanks

General U.S. Massachusetts standards for waste containers and tanks in accordance with

the same Massachusetts hazardous waste regulations are given below as a reference:

1. Each container and tank must be clearly and visibly labeled throughout the period of

accumulation with the following:

(@) The words "HAZARDOUS WASTE,"

(b) The name of the waste (e.g. waste oil, acetone),
(c) The type of hazard(s) (i.e. ignitable, toxic, dangerous when wet, corrosive), and
(d) The date on which the accumulation began;

no

Each container must be in good condition;

3. Wastes of different types must be segregated; for example, this includes not mixing
waste oil or used fuel oil with other wastes; be careful not to put incompatible
wastes in the same container or in unwashed containers that previously stored

incompatible wastes;
Separate containers of incompatible wastes by a dam, dike or similar structure;

oA

period of accumulation, except when the waste is being added or removed,;

Each container holding hazardous wastes must be tightly closed throughout the

6. Containers holding ignitable or reactive wastes must be at least 15 meters (50 ft)
away from the property line; if this is not possible or practical, the plant manager
representing the generator must store such containers in compliance with all

applicable local ordinances and by-laws, and

7. Inspect the accumulation area at least once a week for any leaking or deterioration
of all containers; there must be enough aisle space between the containers to allow

for inspections.

Specific rules and regulations also cover requirements for underground storage tanks,
underground and on-ground piping, and above ground storage tanks for hazardous

wastes. These regulations require thorough, regular inspections and testing.

4. Hazardous Wastes Handling and Disposal
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4.1 Disposal of Large Quantities of Hazardous Solid Wastes

When disposed of improperly, hazardous solid wastes may contaminate air, soil and/or
groundwater, and may increase the risk of human disease and environmental
contamination. Inevitably, some hazardous solid wastes generated at an industrial site
must be discarded. Rusted, old containers or equipment might be targets for plant wide-
cleaning, as well as some industrial materials or products, such as half-used cans of
paint or chemicals. The owner or the plant manager also might want to dispose of some
products that are too old to be sold or building materials (such as asbestos) that are too
hazardous for everyday use.

Large quantities of any hazardous solid wastes can only be properly transported or
disposed of by licensed or certified environmental professionals. Small quantities of
hazardous wastes, however, can be handled by a plant manager.

4.2 Disposal of Small Quantities of Hazardous Solid Wastes

Right now there is no easy way to dispose of a very small quantity of hazardous
household products, such as pesticides, batteries, outdated medicines, paint, paint
removers, used motor oil, wool preservatives, acids, caustics, etc. There are no places
that accept such small quantities of wastes generated by a small industrial or
commercial site. For now, the best disposal techniques are listed in Table 1, which is
recommended by the Massachusetts Department of Environmental Management,

Bureau of Solid Waste Disposal.

Taketoa | Wrapin
. Taketoa .
hazardous | plastic . Givetoa
Wash special . Return to the
wasge bag, put down drain | recyclin friend to manufacturer
PRODUCT collection | in trash - yciing use, with
. with lots center (not or the
site (or | and alert careful .
. of water paper . - retailer
store until the recycling) instructions
available) | collector yeling
ACIDS (STRONG) Best Never Never Unavailable | Impractical | Impractical
ACIDS (WEAK) Best 4th Best | 3rd Best | Unavailable | 2nd Best Impractical
BANNED
PESTICIDES 2nd Best Never Never Never Never Best
BATTERIES 3rd Best Never | Impractical Best Never 2nd Best
CAUSTICS Best 3rd Best | 4th Best | Unavailable | 2nd Best Impractical
PESTICIDE 2nd . . . .
CONTAINERS Best Best Impractical | Unavailable | Impractical | Impractical
FLAMMABLES Best 3rd Best Never Unavailable | 2nd Best | Impractical
OUTDATED .
MEDICINES Best 3rd Best | 2nd Best Never Never Impractical
PAINT 2nd Best | 3rd Best Never Unavailable Best Impractical
PAINT . .
REMOVER Best Never Never Unavailable | 2nd Best | Impractical
PESTICIDES Best 3rd Best Never Unavailable | 2nd Best Impractical
gISLE D MOTOR 3rd Best Never Never Best Never 2nd Best
WOOD 2nd . .
PRESERVATIVES Best Best Never Unavailable | 3rd Best Impractical

Note: Strong acids include battery acid, murintic acid, and hydrochloric acid. Weak acids include acetic
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acid, toilet bowl cleaner, and lactic acid. Banned pesticides include Silvex, Mirex, Aldrin, Chlordane,
DDT, and Heptachlor. Caustics include oven cleaner and drain cleaner. Flammables include alcohol,
acetone, turpentine, lacquer, and paint thinner. Pesticides include rodent poisons, insecticides, weed
killer, and other herbicides and fungicides. Pesticide containers should be triple-rinsed, and the contents
sprayed on crops or yard, before discarding.

Table 1. Methods for disposal of small quantities of common hazardous wastes

Small quantities of hazardous solid wastes (such as potassium dichromate, lead nitrate,
silver nitrate, asbestos, etc.), liquid chemicals (such as chloroform, PCB, methylene
chloride, etc.), petrochemicals (such as gasoline, No.2 fuel oil, etc.), or pure metals
(such as mercury, sodium, etc.), which are stored in bottles or cans, however, are not
considered to be hazardous "household products." Accordingly, these non-household
hazardous solid wastes, even in small quantities, can only be properly disposed of by
licensed or certified environmental professionals.

TO ACCESS ALL THE 21 PAGES OF THIS CHAPTER,
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information for large quantity generators to follow]

Massachusetts DEP (1992). Small Quantity Generator Fact Sheet, December. Massachusetts DEP,
Boston, MA, USA. [A typical government publication introducing the hazardous waste management
information for small quantity generators to follow]

Millano, E. F., Sevcik A.E. and Stanhope J.S. (2000). Storage, Disposal, Remediation, and Closure. 119
pp. Water Environment Research, Volume 72, No. 5, June 2000. Water Environment Federation,
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disposal, remediation and closure]

New York DEC (1985). Petroleum Bulk Storage. Parts 612, 613, and 614. December 27. New York State
Department of Environmental Conservation, Albany, NY, USA. [A typical government publication
introducing the hazardous waste storage requirements]

New York DEC (1987). Supporting Documents for Chemical Bulk Storage Regulations, Parts 595, 596,
and 597. October. New York State Department of Environmental Conservation, Albany, NY, USA. [A
typical government publication introducing the hazardous waste storage requirements]

New York DEC (1992). Water Pollution Control and Enforcement Laws, and Environmental
Conservation Law of the State of New York. New York State Department of Environmental Conservation,
Albany, NY, USA. [A typical government publication introducing the hazardous waste related laws]

New York DEC (1998). Chemical Bulk Storage. Parts 595, 596, 597, 598, and 599. May. New York
State Department of Environmental Conservation, Albany, NY, USA. [A typical government publication
introducing the hazardous waste storage requirements]

Newton, J.J. (1989). Are you an SQG? p.64-66. Pollution Engineering, Volume 21, No.13. [A scientific
paper explaining the government rules and regulations affecting the small quantity generators]

NRC (1975). Nickel. Committee on Medical and biological Effects of Environmental Pollutants, Division
of Medical Sciences, National Academy of Sciences, Washington, DC, USA. ISBN 0-309-02314-9. [A
government sponsored research report summarizing the effects of an environmental pollutant, nickel]

NRC (1977). Arsenic. Committee on Medical and biological Effects of Environmental Pollutants,
National Academy of Sciences. Washington, DC, USA. ISBN 0-709-02604-0. [A government sponsored
research report summarizing the effects of an environmental pollutant, arsenic]

NRC (1978). Zinc. Committee on Medical and biological Effects of Environmental Pollutants, National
Academy of Sciences, Prepared for USA Environmental Protection Agency, Washington, D.C., USA.
EPA-600/1-78-034, May. [A government sponsored research report summarizing the effects of an
environmental pollutant, zinc]

NRC (1980). Lead in the Human Environment. Committee on Lead in the Human Environment, National
Academy of Sciences, National Research Council, Washington, D.C., USA. [A government sponsored
research report summarizing the effects of an environmental pollutant, lead]

NYSDEC (1989). New York State Waste Reduction Guidance Manual. New York State Department of
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Pratt, W. B. and Shireman W.K. (1996). Industrial Ecology: A How-to-Manual: The Only 3 Things
Business Needs to Do to Save the Earth. Technical Manual. Global Futures Foundation, Sacramento, CA,
USATechnology Assessment, US Government Printing Office, Washington, DC, USA. OTA-ITE-347.
[A US Congressional effort on pollution prevention and waste reduction was properly documented]

USEPA (1975). Scientific and Technical Assessment Report on Cadmium. EPA-600/6-75-003, March. US
Environmental Protection Agency, Washington DC, USA. [A government sponsored research report
summarizing the effects of an environmental pollutant, cadmium]

USEPA (1982). Guide to the Disposal of Chemically Stabilized and Solidified Waste. SW872. US
Environmental Protection Agency, Washington, DC, USA. [A US government technology transfer report
in the area of hazardous waste management, handling, treatment and disposal]

USEPA (1985). Field Standard Operating Procedures for the Decontamination of Response Personnel.
Publication No. FSOP-7, January. US Environmental Protection Agency, Washington DC, USA. [A
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typical government publication announcing the specific operating procedures for the decontamination of
response personnel]

USEPA (1986). Reclamation and Redevelopment of Contaminated Land: US Case Studies. Report No.
EPA/600/2-86/066. August. US Environmental Protection Agency, Washington DC, USA. [A
government publication summarizing the case studies for land reclamation and redevelopment]

USEPA (1986). Test Methods for Evaluating Solid Waste. SW-846. US Environmental Protection
Agency, Washington, DC, USA. [A US government technology transfer report in the area of solid and
hazardous wastes testing]

USEPA (1986). Waste Minimization Issues and Options. US Environmental Protection Agency,
Washington, DC, USA. 530-SW-86-04. [A government publication for information dissemination and
promotion of waste minimization, which is one of important elements of industrial ecology]

USEPA (1987). Office of Solid Waste and Emergency Response, Report No. EPA/625/6-87-015. US
Environmental Protection Agency, Washington DC, USA. [A typical government publication reporting
the recommended emergency response to hazardous wastes]

USEPA (1988). The 14™ Annual Research Sym.. January. www.globalff.org. [A simple manual for
industrial ecology]

Renner, M. (1988). Rethinking the Role of the Automobile. Worldwatch Institute, Worldwatch Paper 84,
Washington DC, USA. [Conceptual development of industrial ecology in early stage]

Steinway, D.M. (1990). Scope and Numbers of Regulations for Asbestos-Containing Materials Abatement
Continue to Grow, pp.32-58. Hazmat World, April. [a scientific paper written for asbestos abatement]

Swan, C. (1998). Suntrain Inc. Business Plan, Suntrain Inc., San Francisco, CA, USA. [An application of
industrial ecology concept on transportation system development]

Tibbs, H. (1992). Industrial Ecology: An Environmental Agenda for Industry. Pp. 4-19. Whole Earth
Review, Winter 1992. [A conceptual combination of industry and environment is described in this paper]

Turner, P.L. (1987). Preparing Hazardous Waste Transport Manifests. Pp. 12-16. Environmental
Protection, Volume 3, No. 10, December. [A scientific paper introducing the manifests system and its
applications]

US Congress, (1980). Comprehensive Environmental Response, Compensation, and Liability Act, PL96-
510. [An important US legislation marking the milestone of hazardous waste management]

US Congress. (1992). From Pollution to Prevention: A Progress Report on Waste Reduction. US
Congress, Office of posium: Land Disposal, Remedial Action, Incineration and Treatment of Hazardous
Waste. USEPA Hazardous Waste Environmental Research Laboratory, Cincinnati, OH, USA. [A US
government technology transfer report in the area of hazardous waste management, testing, handling,
treatment and disposal]

USEPA (1988). Waste Minimization Benefits Manual. Phase I. US Environmental Protection Agency,
Washington, DC, USA. August. [A government publication for information dissemination and promotion
of waste minimization, which is one of important elements of industrial ecology]

USEPA (1989). Assessment of International Technologies for Superfund Application: Technology
Identification and Selection. EPA/600/2-89/017. US Environmental Protection Agency, Washington, DC.
, USA. [A US government technology transfer report introducing international technologies for hazardous
waste management, testing, handling, treatment and disposal]

USEPA (1989). Pollution Prevention Benefits Manual, Phase Il. US Environmental Protection Agency,
Washington, DC, USA. [A government publication for information dissemination and promotion of
pollution prevention, which is one of important elements of industrial ecology]

USEPA (1990). Handbook on In-situ Treatment of Hazardous Waste-Contaminated Soils. EPA/540/2-
90/002. US Environmental Protection Agency, Washington, DC. , USA. [A US government technology
transfer book in the area of hazardous waste management, handling, treatment and disposal]

USEPA (1990). Managing Asbestos in Place -- A Building Owner's Guide to Operations and
Maintenance Programs for Asbestos-Containing Materials. Report No. TS-799. July. US Environmental
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Protection Agency, Washington DC, USA. [A government publication for information dissemination in
the area of asbestos abatement]

USEPA (1991). Engineering Bulletin: In-situ Steam Extraction. EPA/540/2-91/005. US Environmental
Protection Agency, Washington, DC. , USA. [A US government technology transfer report in the area of
hazardous waste management, handling, treatment and disposal]

USEPA (1991). Innovative Treatment Technologies: Semi-annual Status Report. EPA/540/2-91/001, US
Environmental Protection Agency, Washington, DC. , USA. [A US government technology transfer
report in the area of hazardous waste management, handling, treatment and disposal]

USEPA (1991). Toxic Treatments In-situ Stream/Hot-Air Stripping Technology. EPA/540/A5-90/800. US
Environmental Protection Agency, Washington, DC. , USA. [A US government technology transfer
report in the area of hazardous waste management, handling, treatment and disposal]

USEPA (1992). Facility Pollution Prevention Guide. US Environmental Protection Agency, Office of
Solid waste, Washington, DC, USA. EPA/600/R-92/083. May. [A government publication for
information dissemination and promotion of pollution prevention, which is one of important elements of
industrial ecology]

USEPA (1995). Geosafe Corporation In-situ Vitrification. EPA/540/R-94/520. US Environmental
Protection Agency, Washington, DC. , USA. [A US government technology transfer report in the area of
hazardous waste management, handling, treatment and disposal]

USEPA (1995). Radio Frequency Heating, KAI Technologies, Inc. EPA/540/R-94/528. US
Environmental Protection Agency, Washington, DC. , USA. [A US government technology transfer
report in the area of hazardous waste management, handling, treatment and disposal]

USGPO (1985) Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities.
Publication No. DHHS-NIOSH-85-115, October. US Government Printing Office, Washington DC,
USA. [A government publication for information dissemination in the area of occupational safety and
health]

USGPO (1989) Asbestos in the Home. August. US Government Printing Office, Washington DC, USA.
[A government publication for information dissemination in the area of asbestos abatement]

Wang, L.K. (1990). Decontamination of Groundwater and Hazardous Industrial Effluents by High-Rate
Air Flotation Processes. Great Lakes "90 Conference Proceedings, Hazardous Materials Control Research
Institute, Silver Spring, Maryland, USA. Sept. 1990. [A scientific paper introducing a new technology for
groundwater decontamination]

Wang, L.K. (1990). Modern Technologies for Prevention and Control of Groundwater Contamination.
Proceedings of New York & New Jersey Environmental Exposition, NYNJEE, Belmont, MA, USA. Oct.
1990. [A scientific paper introducing a new technology for groundwater decontamination]

Wang, L.K. (1972). Recycling and Reuse of Filter Backwash Water Containing Alum Sludge. pp. 123-
125. Water and Sewage Works, Vol. 119, No. 5, May. [Recycling and reuse of wastewater and sludge in
water utility plants is a successful case history for industrial ecology promotion]

Wang, L.K. (1973). Continuous Pilot Plant Study of Direct Recycling of Filter Backwash Water. pp. 355-
358. Journal American Water Works Association, Vol. 65, No. 5, May. [Recycling and reuse of
wastewater and sludge in water utility plants is a successful case history for industrial ecology promotion]

Wang, L.K. (1984). Design of Innovative Flotation-Filtration Wastewater Treatment Systems for a
Nickel-Chromium Plating Plant. 92 pp. US Department of Commerce, National Technical Information
Service, Springfield, VA, USA PB85-215317/AS. [Hazardous heavy metals can be effectively separated
by a flotation-filtration system]

Wang, L.K. (1991). Design and Specifications of Pittsfield Water Treatment System Consisting of Air
Flotation and Sand Filtration, pp. 127-146. Water Treatment, Volume 6. [A scientific paper introducing a
total water recycle system in Pittsfield, Massachusetts, USA]

Wang, L.K., Wang M.H.S. and Kolodzig P. (1992). Innovative and Cost-effective Lenox Water Treatment
Plant. Pp. 387-406. Water Treatment, Volume 7, October. . [A scientific paper introducing a total water
recycle system in Lenox, Massachusetts, USA]
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Wang, L.K. (1995). Groundwater Decontamination Using Sequencing Batch Processes. Water
Treatment, pp. 121-134, Volume 10, No. 1995, 1995. [A new technology for groundwater
decontamination]

Wang, L.K. (1995). The State-of-the-Art Technologies for Water Treatment and Management. 144 pp.
United Nations Industrial Development Organization (UNIDO), Vienna, Austria. Training Manual No.
DTT-8-8-95. [A UNIDO training manual introducing modern water treatment technologies and
managerial skills for drinking water production and wastewater recycle]

Wang, L.K. and Cheryan M. (1995). Application of Membrane Technology in Food Industry for Cleaner
Production., 42 pp. The Second International Conference on waste Minimization and Cleaner Production,
Barcelona, Spain, June 7-9, 1995. United Nations Industrial Development Organization (UNIDO),
Vienna, Austria. Technical Report No. DTT-8-6-95. [A scientific report introducing many resources
recovery case histories in food industry involving the use of membrane processes]

Wang, L.K., Krouzek J.V. and Kounitson U. (1995). Case Studies of Cleaner Production and Site
Remediation. 136 pp. United Nations Industrial Development Organization (UNIDO), Vienna, Austria.
Training Manual No. DTT-5-4-95. [A UNIDO training manual introducing many international
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Wang, L.K. and Kurylko L.. (1995). Liquid Treatment System with Air Emission Control. 14 pp. US
Patent, March 1995. US Patent and Trademark Office, Washington, DC, USA. [A new technology for
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Wang, L.K., Kurylko L., and Hrycyk O. (1992). Removal of Volatile Compounds and Surfactants from
Liquid. 6 pp. US Patent, June, 1992. US Patent and Trademark Office, Washington, DC, USA. [A new
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Wang, L.K. , Kurylko L. and Hrycyk O.. (1995). Biological Process for Groundwater and Wastewater
Treatment. 8 pp. US Patent, September 1995. US Patent and Trademark Office, Washington, DC, USA.
[A new biotechnology for groundwater decontamination]

Wang, L.K, Kurylko L., and Hrycyk O.. (1996). Site Remediation Technology. 14 pp. US Patent,
September 1996. US Patent and Trademark Office, Washington, DC, USA. [A new technology for site
remediation]

Wang, L.K., Kurylko L., and Wang M.H.S.. (1993). Water and Wastewater Treatment System. 34 pp. US
Patent. August 1993. US Patent and Trademark Office, Washington, DC, USA. [A new technology for
groundwater decontamination]

Wang, L.K., Kurylko L., and Wang M.H.S. (1994). Combined Coarse and Fine Bubble Separation
System. 23 pp. US Patent, January 1994. US Patent and Trademark Office, Washington, DC, USA. [A
new technology for groundwater decontamination]

Wang, L.K., Kurylko L. and Wang M.H.S. (1994). Sequencing Batch Liquid Treatment. 19 pp. US Patent.
October 1994. US Patent and Trademark Office, Washington, DC, USA. [A new technology for
groundwater decontamination]

Wang, L.K. and Pereira N. C. (1980). Handbook of Environmental Engineering: Solid Waste Processing
and Resource Recovery. pp.151-225. Volume 2, Humana Press, Clifton, NJ, USA. [A handbook
introducing the technologies for solid and hazardous wastes processing and resource recovery in detail]

Wang, L.K. and Pereira N.C. (1986). Handbook of Environmental Engineering: Biological Treatment
Processes. 498 pp. Volume 3, Humana Press, Clifton, NJ, USA. [A handbook introducing the
technologies for biological treatment processes in detail]

Wang, L.K. and Wang M.H.S. (1982). Control of Hazardous Wastes in Petroleum Refining Industry,. pp.
60-77. Symposium on Environmental Technology and Managements, US Department of Commerce,
National Technical Information Service, Springfield, VA, USA. Report No. PB82-185273. January. [A
technical report in the area of hazardous waste control]

Wang, L.K., Wang M.H.S. and Wang P. (1995). Management of Hazardous Substances at Industrial
Sites. 105 pp. United Nations Industrial Development Organization, Vienna, Austria. UNIDO Registry
No. DTT-4-4-95. [A UNIDO training manual introducing and recommending proper in-plant hazardous
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waste management for pollution prevention, waste minimization, and resource recovery]

Wang, L.K., Wu B.C. and Zepka J. (1984). An Investigation of Lead Content in Paints and PCB Content
in Water Supply for Eagleton School. 23 pp. US Department of Commerce, National Technical
Information Service, Springfield, VA, USA. PB86-169315. [The lead content in paints and PCB content
in water supply are two major concerns of certain public schools which must be periodically investigated
and monitored]

Wang,L.K., and Zepka J. (1984). An Investigation of Asbestos Content in Air for Eagleton School. 17 pp.
US Department Commerce, National Technical Information Service, Springfield, VA, USA. Report No.
PB86-194172/AS. [The asbestos content in air is another major concerns of certain public schools which
must be periodically investigated and monitored]

Weber, R.E., Wang L.K. and Pavlovich J.J.. (1992). Separation of Liquids with Different Boiling Points
with Nebulizing Chamber. 8 pp. US Patent, October, 1992. US Patent and Trademark Office, Washington,
DC, USA. [A new technology for oil-water separation, or any liquid-liquid separation]
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Rockefeller University, NY, USA. ISBN-0-9646419-0-7. [The directions for research in the area of
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Measures of Environmental Performance and Ecosystem Condition. pp. 157-174. (Editor: P. Schulze).
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The Industrial Ecology of Wood Products in the US. pp. 125-145. Journal of Industrial Ecology, Vol. 1,
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Wilson, D. J. and Clarke A.N. (eds). (1994). Hazardous Waste Site Soil Remediation. 567 pp. Marcel
Dekker, NYC, NY, USA. [A informative textbook, with emphasis on soil remediation]

WPCEF (1990). Hazardous Waste Treatment Processes. Water Pollution Control Federation, Task Force
on Hazardous Waste Treatment, Alexandria, VA, USA. [This is a comprehensive reference manual on
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US Fed. Reg. (1980). EP Toxicity Test Procedure, 40CFR Part 261.24, Appendix Il, May 19, 1980.
Washington, DC, USA. [A US government regulation specifying the toxicity test procedure for hazardous
wastes]

USEPA (1989). Application Analysis Report. EPA/540/A5-89/003. US Environmental Protection
Agency, Washington, DC. , USA. [A US government technology transfer report in the area of hazardous
waste management, handling, treatment and disposal]

USEPA (1989). Application Analysis Report. EPA/540/A5-89/005. US Environmental Protection
Agency, Washington, DC. , USA. [A US government technology transfer report in the area of hazardous
waste management, handling, treatment and disposal]
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Washington, DC., USA. [A US government technology transfer report in the area of hazardous waste
management, handling, treatment and disposal]
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Agency, Washington, DC. , USA. [A US government technology transfer report in the area of hazardous
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©Encyclopedia of Life Support Systems (EOLSS)



HAZARDOUS WASTE MANAGEMENT - Hazardous Waste Management: A United States Perspective - Lawrence K. Wang

Agency, Washington, DC. , USA. [A US government technology transfer report in the area of hazardous
waste management, handling, treatment and disposal]

USEPA (1989). Application Analysis Report. EPA/540/A5-89/012. US Environmental Protection
Agency, Washington, DC. , USA. [A US government technology transfer report in the area of hazardous
waste management, handling, treatment and disposal]
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Agency, Washington, DC. , USA. [A US government technology transfer report in the area of hazardous
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©Encyclopedia of Life Support Systems (EOLSS)



