


method of product and process design that incorporates the minimization of waste production
throughout every step of design and every step of the life of the product. This “cradle to grave”
design method considers raw material extraction, product manufacturing, use, and final residual

- disposal. LCD establishes a more coherent means of integrating environmental requirements with
more traditional concerns in product development such as performance, cost, cultural, and legal
requirements.

Life Cycle Analysis (LLCA) is one of the more promising systematic approaches for identifying and
evaluating opportunities to improve the environmental performance of industrial activity. Itis a
useful tool for evaluating the environmental consequences of a product. LCA can be used in
conjunction with LCD or be employed separately. By focusing on source reduction as well as
reuse, recovery, and treatment, LCA gives a more accurate portrayal of the environmental impacts
and true costs of a project. The EPA has put together a Life Cycle Design Manual as a guide for
conducting and interpreting life cycle inventories.

10.0 Right to Know Laws

SARA Title IIT and the OSHA Hazard Communication Standard of 1985 established a regulatory program
that requires disclosure of information to workers and the general public about the potential dangers of
hazardous chemicals. They also require development of emergency response plans for chemical
emergencies. Congress enacted these laws in response to the more than 2,000 deaths caused by the release
of a toxic chemical in Bhopal India in 1984. The Clean Air Act amendments of 1990 placed additional
responsibilities on the EPA and OSHA to enact legislation requiring further sharing of risk information and
process hazard analysis. States and municipalities have passed additional right to know laws in response to
specific companies not disclosing information about their process chemicals. Title III also requires the
reporting of annual releases (42 USC 9061) and required that facilities that release extremely hazardous
chemicals over threshold amounts must immediately notify the community emergency coordinator and the
state commission. The EPA now requires monitoring for 320 chemicals. A proposed new rule could
double the requirements to 633 chemicals that have to be monitored.

The majority of state right-to-know laws address both community and employee access to information
about workplace hazards. The requirements of right-to-know laws most relevant to hazardous material
planning and emergency response include (1) providing public access to information on hazardous
materials present, (2) conducting inventories or surveys, (3) establishing record-keeping and exposure
reporting systems, and (4) complying with container labeling regulations for workplaces.

OSHA now requires chemical manufacturers and importers to prepare Material Safety Data Sheets
(MSDS’s) for all hazardous materials produced or used. The MSDS’s must be available to a state agency,
local fire chief, and the public as part of their community right-to-know programs.

The format of the MSDS form, also known as OSHA Form 20, is up to the provider. It must contain at
least nine elements:

manufacturer’s name, address, and telephone number, chemical name, synonyms and formula
hazardous ingredients, approximate concentration and TLV

physical data of product

fire and explosion hazard data for product

balb i e
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health hazard data

reactivity data

spill or leak procedures
special protective information
special precautions

YR

11.0 Computer Usage In Hazardous Waste Management

The use of computers has become increasingly important in hazardous waste management. Computers
provide updates to current regulations, prepare reports and manifests, perform complex modeling, perform
risk assessments and LCA’s, are design tools, track waste disposal, manage inventory, and provide various
other convenience services. Approximately, 1500 software programs are available for pollution
management activities. Several periodicals and trade magazines review the available software and provide
annual summaries of the packages offered.

Regulatory agencies will often produce their own software which industry uses to do reporting, These
software and databases are either on line or available by computer disk. These systems include databases,
training and procedure review packages, pollution modeling programs, and emission calculation programs.
One purpose for the software is to standardize calculations. Several regulatory agencies accept quarterly
reports and release report information on computer disk. Computers provide direct access to environmental
databases and provide on line reports to the EPA and other regulatory bodies. Databases are available
either on floppy disks, CD ROM or through modem access. These databases provide chemical and
toxicological data, current environmental regulations and interpretations, and abstracts of published
research articles.

12.0 Recommended Reading

1. Berlin, R.E., C.C. Stanton: Radioactive Waste Management, John Wiley and Sons, Inc., New York,
NY 1989.

2. Bureau of National Affairs, various handbooks and CD ROM databases, Washington, D.C. (800) 372-
1033.

3. Environmental Protection Agency: RCRA Orientation Manual, 1990 Edition, EPA/530-SW-90-036,
U.S. EPA, Washington, D.C., 1990.

4. Environmental Protection Agency: Risk Assessment Guidance for Superfund, Vol I - Human Health
Evaluation Manual, U.S. EPA/540/1-89/002, Washington, D.C., 1989.

5. Keolein, G.A., D. Menerey: Sustainable Development by Design-Review of Life Cycle Design and
Related Approaches, J Air and Waste Management Assoc., 44, 645(1994).

6. LaGrega, M.D., P.L. Buckingham: Hazardous Waste Management, McGraw Hill, Inc., New York,
NY, 1994.

7. Landrum, V.J.: Medical Waste Management and Disposal, Noyes Data Corporation, Park Ridge, NJ
1991.

8. Lindgren, G.F.: Guide to Managing Industrial Hazardous Waste, Butterworth Publishers, Woburn,
MA 1983.
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9. Phifer, RW.: Handbook of Hazardous Waste Management for Small Generators, Lewis Publishers,
Inc., Chelsea, MI 1988.

10. Plater, Z.J.B.: Environmental Law and Policy, West Publishing Co., St. Paul, MN 1992,
11. Wentz, C.A.: Hazardous Waste Management, McGraw Hill, Inc., New York, NY 1989.

Glossary of Key Terms

HAZARDQOUS WASTES are wastes that may cause or contribute to mortality or may pose a threat to human
health. More detailed definitions are given in regulations such as RCRA.

RISK ASSESSMENT involves determining potential health effects due to a specific chemical and potential
human exposure. This leads to an estimation of the risk of developing an effect such as cancer due to a lifelong
exposure,

MIXED WASTES contain both hazardous waste and radioactive waste.

CRF or Code of Federal Regulations contains detailed information on Federal regulations including those dealing
with the generation, treatment, reuse, storage, and disposal of hazardous waste.

RCRA or Resource Conservation and Recovery Act was initially passed by Congress in 1976. The original Act
and its amendments cover aspects of hazardous waste management.

Further Information (a partial list)
PROFESSIONAL ORGANIZATIONS:

Air & Waste Management Association
American Academy of Environmental Engineers
American Chemical Society

American Institute of Chemical Engineering
American Society of Civil Engineers

Water Environment Federation

JOURNALS:

Journal of Air & Waste Management Association
Environmental Science and Technology
Environmental Progress
Journal of Water Environment Federation
Journal of American Industrial Hygiene Association
Journal of Environmental Engineering
Journal of Environmental Permitting
Journal of Environmental Regulation

- Environmental Impact Assessment Review
Pollution Prevention
Pollution Engineering

18



Chemical Engineering

National Environmental Journal
The Generator’s Journal
Hazardous Materials

Waste Business Magazine
Hazmat World

CONFERENCES:

Hazmat Conferences
Hazmacon
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FIGURE 1. DEFINITIONS OF HAZARDOUS WASTES
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Table 1. Summary of Hazardous Waste Treatment Technologies

COMPONENTS

TECHNOLOGY| CONTAMINANT | TYPE | REQUIREMENTS PRODUCTS | COST
ADSORPTION ORGANIC CONTAMINANTS G, WW, ADSORBENTS SUCH AS TREATED CARBONIS
GW, OW ACTIVATED CARBON ADDED TO STREAMASTE CARBON, | $2-3/LB.
WATER AND FILTER OUT, COST CARBON CAN ABSORB
HIGHLY DEPENDENT ON UP TO 5% ORGANICS
CONCENTRATION
AEROBIC BIOREACTOR READILY DEGRADABLE GW, IW TANK WITH AIR INJECTION AND INERTS, BIOMASS AND | 200/TON
: TOXIC ORGANICS BIOLOGICAL POPULATION REDUCED BOD
WATERS
AIR STRIPPING PETROLLEUM w VACUUM AIR STREAM GASEOUS OR VARIABLE
HYDROCARBONS CONDENSED
CHLORINATED SOLVENTS CONTAMINANTS AND
" WATER
ANAEROBIC MORE RECALCITRANTAND | W ANAEROBIC TANK AND INERTS BIOMASS, 200/TON
BIOREACTORS HIGHER CONCENTRATION ww BIOLOGICAL POPULATION AND ACIDS AND REDUCED
ORGANICS POSSIBLY METHANE INJECTION BOD WATER
BIOLOGICAL LAND PETROLEUM AND WOOD S,80L, SL | OPENLAND AND MIXING LESSER 50/TON
TREATMENT, TREATING WASTES EQUIPMENT CONTAMINATED
COMPOSTING, HEAPING MATERIALS
CHELATING HEAVY METALS AND S TANK OR IN-SITU AND CHELATING | TREATED SOIL AND N/A
RADIONUCLIDES AGENTS LIQUID WASTES
CHEMICAL OXIDATION WIDE RANGE OF SS,L,LwW CHEMICAL OXIDANTS INCLUDE: INERTS AND 200/TON
COMPOUNDS INCLUDE: OZONE, CHLORING, HYDROGEN INTERMEDIATE
CHLORINATED HC’S, PEROXIDE, AND UV RADIATION PRODUCTS OF
CYANIDES, MERCAPTANS, OXIDATION
AND PHENOLS
COMPACTION, BIOLOGICAL AND/OR SOL APPROPRIATE EQUIPMENT REDUCED VOLUME QF | ON-SITE
GRINDING, SHREDDING, | RADIOIACTIVE HAZARD ORIGINAL WASTE BU
BALING, SECTION, ACID NOT REDUCED
DIGESTION HAZARD OR MASS
ENCAPSULATIONOR TOXIC LEACHABLE L,OW, S, ORGANOPHILLIC POLYMERS AND ENCAPSULATED 100-
MICROENCASULTION COMPOUNDS AND SED BINDERS LANDFILLABLE OR 200/TON
RADIOISOTOPES INCINERABLE WASTE
EVAPORATION/ WIDE VARIETY OF L, WwW EVAPORATION PONDS OR STILL BOTTOMS 10-100/TON
DISTILLATION AQUEOQUS OR SOLVENT DISTILLATION EQUIPMENT PURIFIED LIQUID
B BASED CONTAMINANTS
INCLUDING
RADIONUCLIDES
GAS/VAPOR BIOLOGICAL HAZARD SOL FORMALDEHYDE OR ETHYLENE DISINFECTED WASTES: | ON-SITE
STERILIZATION OXIDE IN VESSEL, GROUND SOLIDS | MAY STILL. HAVE
HAZARDOUS
COMPONENTS
INCINERATION: WIDE VARIETY OF G,3S,SL, CONTROLLED HIGH INERTS, ASH, TRACE 500-
THERMAL OXIDIZERS ORGANICS, INFECTIOUS SED,SOL | TEMPERATURE BUNER, FUEL, AIR AIR POLLUTANTS 1000/TON
OF MANY TYPES WASTE AND NUCLEAR AND EMISSIONS CONTROL
WASTES
ION EXCHANGE SOME METALS, CYANIDE W, Ww APPROPRIATE RESINS TREATED WATER, 20/TON
AND OTHER CONTAMINATED
CATIONS/ANIONS RESIN
INCLUDING
RADIOISOTOPES
IRRADIATION BIOLOGICAL HAZARD SOL ULTRAVIOLET RADIATION, DRY DISINFECTED WASTE: ON-SITE
ENVIRONMENT MAY STILL HAVE
HAZARDOUS
COMPONENTS
MAGNETIC SEPARATION | METALS, RADIONUCLIDES WW, GAS | MAGNETIC CORE, SELECTIVE TREATED WATER TO N/A, HIGH
AND NITRATES ABSORBERS, ORGANIC POLYMERS | PPM LEVEL CAPITAL
MEMBRANE PROCESSES: | EXTREME TOXICS NOT w SPECIALIXED MEMBRANES AND CONTAMINATED 20/TON
ELECTRODIALYSIS REMOVED BY OTHER HIGH PRESSURE PUMPS OR DIRECT | BRINE WATER AND
REVERSE OSMOSIS AND | PROCESSES... WORKS ON ELECTRIC CURRENT CLEAN WATER
ULTRAFILTRATION SOLUTES
MICROWAVE BIOLOGICAL HAZARD SOL MICROWAVE RADIATION AND DISINFECTED WASTE; ON-SITE
TREATMENT MOISTURE USED TO HEAT WASTE, | MAY STILL HAVE
SHREDDED HAZARDOUS




TECHNOLOGY | CONTAMINANT | TYPE REQUIREMENTS PRODUCTS | COST
NEUTRALIZATION CONTAMINANTS WITH pH L, WW,§ MIXING EQUIPMENT AND LIME, LARGE VOLUME OF 100-
<2 OR >12.5 SODA ASH, OR FREE ACIDS NEUTRAL MATERIAL 200/TON
SICAL TREATMENTS PRETREATMENT TO L,WW.,S TANKS, LOADING AND CLEAN OR TREATED 50/TON
. JUDING: SCREENING, | REMOVE LARGE NON- UNLOADING EQUIPMENT AND WATER REQUIRING
FILTERING, HAZARDOUS COMPOUNDS OBVIOUS EQUIPMENT FURTHER TREATMENT
CENTRIFUGATION INCLUDING AND CONTAMINATED
RADIONUCLIDES SLUDGE
PHYSICAL TREATMENTS DISSOLVED AND GW, WW SETTLING TANKS AND CLEAN OR TREATED 150/TON
INCL: PRECIPITATION SUSPENDED SOLIDS AND FLOCCULANTS SUCH AS ALUM. WATER REQUIRING
FLOCULATION/ SOME SOLUTES USUALLY AND POLYMERS AND SLLUDGE FURTHER TREATMENT
COAGULATION, GAS INORGANIC. MAY INCLUDE REMOVAL EQUIPMENT MAY AND CONCENTRATED
FLLOATATION AND RADIONUCLIDES REQUIRE AIR SUPPLY CONTAMINATED
CLARIFICATION SLUDGE
PYROLYSIS/MOLTEN WIDE VARIETY OF TOXIC L CONTROLLED NON-OXIDIZING CRACKED AND N/A
SALT BATHS ORGANICS BURNER THERMALLY BROKEN
DOWN ORGANICS
SUITABLE FOR FUEL,
FURTHER TREATMENT
OR DISPOSAL
SLURRY BIO-REACTORS HEAVY AND S.SL TANKS OR LAGOONS, MIXERS BIOMASS, INERTS, 200/TON
RECALCITRANT ORGANICS AND SURFACTANTS INTERMEDIATES AND
WET TREATED SOIL
SOIL VAPOR PETROLEUM S VAPOR EXTRACTION EQUIPMENT | GASEOUS 50-100/TON
EXTRACTION HYDROCARBONS CONTEMINANTS AND
CHLORINATED SOLVENTS CLEAN SOIL
SOLIDIFICATION HEAVY METALS SOME S,SL, L BINDERS, ASPHALTS, HYDRAULIC | BETTER STRUCTURAL 30-80/TON
ORGANICS AND CEMENTS, UREAFORMALDEHYDE | MATERIALS, NON-
LEACHABLE LIQUIDS AND LEACHING SUITABLE
RADIOISOTOPES FOR LANDFILLING OR
LEAVING IN PLACE
STABILIZATION/ | HEAVY METALS, ACID S, SOL POZZOLANIC REAGENTS AND NON-LEACHING 30-80
FIXATION SLUDGES, SOME ORGANICS LIME SILICATES LANDFILLABLE
MATERIALS OR
REMEDIATED SITES
STEAM STERILIZATION/ SMALL SIZE SOLID sSOL HIGH TEMPERATURE STEAM AND | DISINFECTED ON-SITE
"TOCLAVING BIOLOGICAL HAZARD OVEN WASTEW; MAY STILL
HAVE HAZARDOUS
COMPONENTS
STEAMSTRIPPING VOLATILE AND SEMI- w HIGH PRESSURE STEAM AND HIGH VARIARLE
VOLATILE COMPOUNDS VACUUM EXTRACTION CONCENTRATION
STREAM AND CLEAR
WATER
STEAMSTRIPPING, EX- VOLATILE ORGANICS S HIGH PRESSURE STEAM AND HOT WATER WITH 32AZ60-
SITU AND IN-SITU VACUUM EXTRACTION CONTAMINANTS AND 200/CUBIC
STERILE CLEAN SOIL YARD
| SUPERCRITICAL FLUID EXTRACTABLE ORGANICS S,SL,W HIGH PRESSURE AND RECOVERED 160/TON
| EXTRACTION TEMPERATURE FLUIDS ORGANICS AND
OXIDIZED ORGANICS
THERMAL DESORPTION PETROLEUM S, SL THERMAL DESORPTION OVENS, GASEOUS 50-100°TON
HYDROCARBONS, NATURAL GAS OR ELECTRIC CONTAMINANTS AND
CHLORINATED SOLVENTS HEATERS, AIR POLLUTION STERILIZED SOIL
CONTROLS
THERMAL INACTIVATION | BIOLOGICAL HAZARD SOL, L HIGH TEMPERATURE OVEN OR DISINFECTED WASTES; | ON-SIT:
VESSEL MAY STILL HAVE
HAZARDOUS
COMPONENTS
VITRIFICATION NON-SPECIFIC, ASBESTOS S, SED, HIGH TEMPERATURE AND/OR GLASSIFIED WASTES N/A
AND RADIOACTIVE WASTE SOL HIGH ELECTRIC CURRENT AIR SUITABLE FOR
EMISSIONS CONTROL DISPOSAL OR LEAVE IN
PLACE
G: Gaseous Waste
GW: Contaminated Ground Water
HC: Hydrocarbons
L: Liquid Wastes
ow: Oily Water
S: Contaminated Soil
SED: Sediments
SL: Process Sludges
SOL: Waste Solids
Ww: Contaminated Water
WW: Industrial Waste Water




Table 2. Summary of Hazardous Waste Disposal Options

MONITORING AND
VENTING

DISPOSAL DESCRIPTION WASTE TYPE ADVANTAGES LIMITATIONS
AROVE GRADE VAULTS ENGINEERED LARGE LLW SEGREGATED EASY ACCESS TO WASTE | VULNERABLE TO
STEEL AND CONCRETE INTRUSION AND
STRUCTURE ABOVE EROSION
NATURAL GRADEULTS
AUGURED HOLES SHALLOW DRILLED CLASS CLOW LEVEL TESTED BY DOE, GOOD DIFFICULT TO REMOVE
HOLES ABOVE WATER AT WORKER - WASTES, SMALL
TABLE PROTECTION CAPACITY
BELOW GRADE VAULTS ENGINEERED LLW, SEGREGATED LESS VULNERABLE TO WASTE LESS
STRUCTURE BELOW INTRUSION AND ACCESSIBLE
GRADE DESIGNED TO BE EROSION
) COMPATIBLE WITH SOIL
CARLSBAD, NM WASTE DOE PROJECT DESIGNED | TRANSURANIC DEFENSE | REMOTE, ALREADY IN CONTROVERSIAL
ISOLATION PILOT PLANT | TO HOLD SIX MILLION WASTES PILOT PLANT STAGE
CUBIC FEET IN SALT
FORMATION
DEEP SPACE CANISTERS PLACED IN HLW STUDIED BY NASA AND
INFINITE ORBIT OR INTO DOE
SUN
DEEP WELL INJECTION ACID WASTED PUMPED HLW AND TRANSURANIC | WASTE FAR REMOVED WASTE NON-
TO GREAT DEPTHS INTO | BELOW CRITICAL LEVEL } FROM ENVIRONMENT RECOVERABLE
FRACTURED ROCK
EARTH MOUNDED COMBINED ABOVE AND LLW, HLW USED IN FRANCE VULNERABLE TO
CONCRETE BUNKERS BELOW GRADE INTRUSION AND
DISPOSAL OF EROSION
STRUCTUALLY STRONG
WASTE CONTAINERS
HANFORD MIXED WASTE | 427,000 CUBIC FEET MIXED WASTES FIRST AND ONLY MIXED | SCHEDULED TO OPEN
TRENCHED TRENCHES FOR WASTE DISPOSAL NOVEMBER, 1994
STORAGE OF MIXED
WASTES FROM CLEANUP
OF HANFORD SITE
1CE SHHET - CANISTERS DROPPED SELF HEATING HLW REMOTE LOCATIONS, CONCEPTUAL
THROUGH ICE MELT HEAT REMOVAL ONLY POTENTIAL ICE
o DOWN MOVEMENT
IMPROVED SHALLOW WASTE PLACED IN LLW REQUIRED SINCE 1982, MORE COSTLY AND
LAND DISPOSAL DEEPER TRENCHES WITH NOT ALLOWED IN SOME | COMPLEX THAN OLDER
IMERMEABLE CAP STATES TECHNOLOGY
INJECTION WELLS INJECTION INTO POROUS | HW, PETROLEUM WIDELY PRACTICED, POTENTIAL DRINKING
CLASSES LIV, V ROCK FORMATIONS NOT | WASTES, SEWAGE, LLW SECURE WATER
COMMUNICATING WITH CONTAMINATION,
CLASS I GROUNDWATER SUBJECT TO LAND BAN
LANDFILL WASTED PLACED IN HAZARDOUS AND SIMPLY PROVEN HEAVILY TAXED AND
SUBSURFACE CELLS MEDICAL WASTES PRE- DISCOURAGED,
WITH LINERS, COVER, TREATED OR NOT ULTIMATE LIABILITY.
LEACHATE AND BANNED LAND BAN
GROUNDWATER
COLLECTION




DISPOSAL DESCRIPTION WASTE TYPE ADVANTAGES LIMITATIONS
MINED CAVITIES HALLOWED OUT LW NO INTRUDER HARD TO ACCESS
REGIONS IN MINERAL ACCESSIBILITY
DEPOSITS
«ODULAR CONCRETE USE OF AN OVERPACK LLW WASTE CAN BE EASILY
CONTAINERS OR “MINI VAULT” TO REMOVED
ENCASE DRUMS
OCEAN DISPOSAL CONCRETE ENCASED IN LLW CHEAP, ARGUABLY LOW | NOW BANNED, SOME
DRUMS AT OCEAN RISK DRUMS LEAKED
BOTTOM
OCEAN PLATE DISPOSAL | CANISTERS OF WASTE HLW AND TRANSURANIC | GEOLOGIC STABILITY CONCEPTUAL, NOT
BETWEEN CONTINENTAL GOOD FOR SOME
SHELF AND MOVING ISOTOPES
PLATES THROUGH
HOLES DRILLED
SALT MINES LIQUID WASTES PLACED | NON-SPECIFIC CHEAPER, INACCESIBLE | NON-RECOVERABLE
INTO HOLLOWED MINES
SHALE GROUT HIGH PRESSURE WATER | HLW, TRANS WASTE RELATIVELY WASTE NON-
INJECTION CRACKS SHALE AND IMMOBILE, FAR AWAY RECOVERABLE
THEN WASTE IN CEMENT FROM SURFACE
SLURRY IS PUMPED INTO
FORMATION
SHALLOW LAND WASTE PLACED IN LLW CHEAP AND EASY NOW BANNED
DISPOSAL UNLIMITED EARTHEN
TRENCHES UP TO 30
FEET DEEP
SURFACE PLACEMENT OF WASTES | LIQUID HAZARDOUS REDUCES VOLUME, LOW | ESSENTIALLY SHORT
IMPOUNDMENT INTO IMPOUNDMENTS WASTE, URANIUMMINE | TECHNOLOGY TERM STORAGE,
OPEN TO ATMOSPHERE TAILINGS HISTORICALLY
PROBLEMATIC
YUCCA MOUNTAIN UNDERGROUND NUCLEAR SPENT FUEL, RETRIEVABLE WASTE, VERY EXPENSIVE,
FACILITY RESPOSITORY FOR DEFENSE WASTES VERY REMOTE, HIGHLY CAPACITY LIMITED TO
WASTE IN CANISTERS REGULATED 70,000 TONS
WILL OPEN
1 APPROXIMATELY 2010

HLW: HIGH LEVEL RADIOACTIVE WASTE

CLASS A WASTE:

LLW NOT REQUIRING STABILIZATION, SHORT HALF LIFE

LLW REQUIRES STABILIZATION BUT WILL DECAY WITHIN 100 YEARS
LLW REQUIRES STABILIZATION AND SHIELDING DURING HANDLING.
LONGER HALF LIFE

CLASS B WASTE:
CLASS C WASTE:

LLW: LOW LEVEL RADIOACTIVE WASTE
HW: HAZARDOUS WASTE




