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FISHBEIN L. Technological changes in cancer prevention. Scand J Work Environ Health 1992;18
Suppl I:97-109. Exposures and technologies in the workplace are changing due to a variety of factors,
including newly developed technologies, mechanization and automation, and improvements in industrial
hygiene primarily effected in many developed countries. In addition substitution and removal of carcino­
genic constituents in the workplace and general environment are increasing in a number of instances , par­
ticularly in North America, Western Europe , and Japan, and they are being accompanied as well by remedi­
ation either by source reduction, recycling, or compliance to more stringent national and international
regulations and standards. This overview highlights some of the strategies employed in the technological
changes in cancer prevention and cites examples in source reduction, changes in formulation, product
or process changes, recycling, and hazardous materials management.
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A broad spectrum of potentially toxic chemicals, in­
cluding a number of carcinogenic and genotoxic chemi­
cals and modulators of the process of carcinogenesis
and spanning many organic and inorganic structural
categories, is released, often in complex mixtures, into
local, regional, and global environmental compart­
ments from many industrial and disposal activities in
both industrialized and developing countries. The num­
ber and extent of use of these agents are due to a large
extent to the very large increases, particularly over the
last four or five decades, in the production and use
of synthetic organic chemicals, plastics, pesticides, and
drugs and the production of energy. The release of
many toxicants into the work and ambient atmosphere
can be direct or indirect as a consequence of the ini­
tial discharge from a manufacturing process or disposal
site. Hazardous pollutants can be accidentally released
into ambient air or via the escape of raw materials or
finished products at their manufacturing or process­
ing site. Many toxicants are accidently released from
the thousands of chemical facilities and numerous
small businesses, as well as from disposal sites (1-4).

The substitution and removal of carcinogenic con­
stituents in the workplace and general environment are
increasing in many facilities and environments, par­
ticularly in North America and in many countries in
Europe, as well as in Japan, and they are being ac­
companied by remediation either by source reduction,
recycling, or compliance to increasingly more stringent
national and international regulations and standards .
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This overview highlights some of the strategies em­
ployed for technological changes leading to cancer
prevention and remediation through changes in for­
mulation, product or process changes, recycling, and
hazardous materials management.

Sources and scope of emissions and
industrial waste

A recent study of 90 unregulated pollutants from 60
different sources of pollution indicated that estimated
outdoor exposures can result in 1700-2000 excess can­
cer cases annually in the United States (US) (5). The
national inventory required by the 1986 " Superfund"
amendment on environmental releases of more than
320 toxic chemicals indicates that 2.7 billion pounds
(1.2· lQ9 kg) of these chemicals were emitted into the
air in the United States in 1988 (6). The figure was
based on reports of 17 500 companies submitting more
than 75000 reports for the inventory. However it
represents only 55 to 750/0 of the total number of com­
panies responding to a questionnaire. Even the total
emission figure may be a small percentage since it does
not include the thousands of small companies that emit
these chemicals but were not included in the invento­
ry. The largest single source of chemical air emissions,
by more than fourfold, was the chemical industry,
which reported the release of some 886.5 million
pounds (402.1 . 106 kg). Other major sources of air
emission were primary metals (approximately 90 . 106

kg), paper production (94 . 106 kg), transport equip­
ment (87 . 106 kg), and rubber and plastics production
(60· 106 kg).

Sixty of the substances in the aforementioned inven­
tory are listed as carcinogens by the International
Agency for Research on Cancer and the National Tox­
icology Program. Releases of listed carcinogens were
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estimated to be approximately 98 million kilograms
and included dichloromethane (methylene chloride)
(46.5 . 106 kg), benzene (10.3 . 106 kg), chloroform
(9.8 . 106 kg), formaldehyde (6.3 . 106 kg), butadiene
(4.1 . 106 kg), and carbon tetrachloride (1.8 . 106 kg).
While comparable European estimates are not avail­
able, it is at least possible to compare production
figures for certain compounds in different parts of the
world. The yearly dichloromethane production in the
United States was 226000 tons (204 982 t, t = metric
tons) in 1983 and 270000 tons (244 890 t) in Europe
in 1980. Since about 800/0 of all dichloroethane pro­
duced ends up in the atmosphere, Europe and the
United States contribute equally to its dispersion in
the environment. Worldwide production of benzene
was estimated to be about 19 million tons (17 . 106 t)
annually, of which about half was produced in Europe.

It should also be noted that the United States na­
tional inventory in 1988 (6) indicated that the re­
porting facilities released a total of 4.5 billion pounds
(2 . 109 kg) of pollutants directly into the environ­
ment. Of this total 360 million pounds (163 . 106 kg)
of toxic chemicals was released into rivers, lakes,
streams, and other bodies of water, 560 million pounds
(254 . 106 kg) was disposed of in land fills, 1.2 billion
pounds (0.54· 109 kg) was injected into underground
wells, l.l billion pounds (0.5 . 109 kg) was transferred
to commercial treatment and disposal facilities, 570
million pounds (259 . 106 kg) was transferred to mu­
nicipal waste water treatment plant s, and, as noted
earlier , 2.4 billion pounds (1 . 109 kg) was emitted
into the air.

The goal of the current strategy of the US Environ­
mental Protection Agency (EPA) is to reduce 17major
pollutants that present significant risk to both human
health and the environment by enlisting the voluntary
help of industries in reducing aggregate environmen­
tal releases of these chemicals to all media by 33% by
the end of 1992and at least 50% by the end of 1995 (7).

It is important to note that the US Clean Air Act
of 1990mandates that industrial emitters of 1989air­
borne toxicants (carcinogens , mutagen s, or reproduc­
tive toxins) be required to install " maximum achiev­
able control technology" (MACT) by the year 2003
(8). If there is still a cancer risk, the EPA is to impose
standards by 2008 tough enough to protect public
health with an " ample margin of safety, " which, in
the case of carcinogens, is defined as limiting lifetime
risk of getting cancer to I in 10000. Carbon tetrachlo­
ride and methyl chloroform essentially become for­
bidden solvents by the year 2000and 2002, respectively,
and the recycling of chlorofluorocarbons in air con­
ditioners and refrigerators must begin in 1992. The
Clear Air Act freezes production of substitutes for
chlorofluorocarbons called hydro chlorofluorocarbons
by 2015 and eliminates their use 15 years later. By
November 1991 the EPA must publish a list of major
sources emitting 10 tons (9.07 t) a year of anyone,
or 25 tons (22.68 t) a year of any combination, of the
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1989 pollutants, as well as area sources, such as dry
cleaners. The EPA must then issue maximum achiev­
able control technologies for each listed source cate­
gory so that all controls are achieved within 10 years.
It will then examine residual risk after the introduc­
tion of maximum achievable control technologies and
determine whether additional controls are needed. It
will not only examine pollution control equipment but
also pollution prevention methods such as the substi­
tution of nontoxic chemicals for the toxic ones cur­
rently in use.

Hazardous waste management

Estimates vary widely regarding the amount of haz­
ardous wastes produced in most industrialized coun­
tries. The United States is believed to generate more
than 260 million metric tons (approximately 1 t per per­
son per year) of hazardous and toxic wastes annually
[a quantity equal to more than 70 billion gallons
(297 . 109 I]. Most, about 900/0, comes from large
firms , the rest from small businesses and institutions.
Approximately 70% of the amount of hazardous waste
is generated by the chemical industry (9, 10). About
14000 installations generate regulated quantities of
hazardous wastes, while 4000 companies manage these
wastes using treatment storage and disposal techniques.

Approximately 330 million metric tons of hazard­
ous wastes are believed to be generated by countries
in the Organization for Economic Cooperation and
Development (OECD). Another estimate concerning
19 countries was more than 100 million metric tons
higher (11). Germany was reported to have 35000
abandoned waste sites which could require 20 years to
completely deactivate at a cost of approximately 9 bil­
lion dollars. In The Netherlands about 5000 waste sites
have been identified, with at least 350 requiring imme­
diate clean-up. Poland generates roughly 30 million
metric tons of hazardous wastes annually, two-thirds
of it being dumped in unregulated sites. By 1989, it
was estimated that nearly 2 million metric tons of haz­
ardous industrial wastes were shipped from Western
to Eastern Europe for disposal (11).

Since 1980more than 31 000 abandoned or inactive
waste sites have been identified in the United States.
Of these 1224 have been placed on what is called the
National Priority List (NPL) (also known as Super­
fund sites). As of early 1989 the EPA has initiated
studies of approximately 70070 of the NPL sites, ac­
tual remediation having been begun on about 250 of
them and clean-ups having been completed on 43.

The time from site identification to the start of clean­
up is approximately seven to nine years. Costs of clean­
up range up to 1 million dollar s per acre (1 acre =

0.41 hal with some sites containing more than 100acres
(41 hal. One estimate by the Office of Technology As­
sessment suggests that as many as 10 000 sites in the
United States will need detoxification (10).



Table 1. Technologies used in hazardous waste management.

Table 2. Estimated quantities of incinerable hazardous waste
generated in the United States in 1983.

Thermal destruct ion of hazardous waste involves the
controlled exposure of waste to high temperatures
(usually 900°C or greater) in an oxidizing environment.
Thermal destruction processes include thermal oxida­
tion , starved-air, and pyrol ytic incineration systems;
high-temperature industrial processes such as boilers,
cement kilns, and industrial furnaces in which hazard­
ous waste is burned as a fuel; and a variety of high­
temperature processes such as molten salt or plasma
or electric furnaces (18). The elements that best assure
the destruction of the hazardous wastes are incinera­
tor temperature and turbulence and residence times (3).

During 1987, the use of incineration for hazardous
wastes in the United States was reported to have in­
creased 36070 from the previous year, while resources
recovery rose 25%, landfilling increased about 5%,
and deep-well injection rose only 1% (19).

It has been estimated that there were approximate­
ly 280 hazardous-waste incineration facilities operating
as of 1987. Most of these facilitie s are private, on-s ite

Contamination of ground waters is common to the
majority of waste sites in the United States. The prin­
cipal organic compounds found in leachates are small­
chain chlorinated hydrocarbons, benzene, toluene, and
xylene .

Since World War II, more than 40 billion pounds
(18' 109 kg) of small chain C.-C4 chlorinated hy­
drocarbons have been distributed , of which 4 bil­
lion pounds (1.8 . 109 kg) or more have been incorpo­
rated into waste sites in the United States. Large quan­
tities of chemicals have been broadly distributed, and
some fractions of these chemicals have entered US
ground water as long as two to four decades ago. For
example, between 1945 and 1984, more than 14 bil­
lion pounds (6.4 . 109 kg) of perchloroethylene and
about 12 billion pounds (5.4· 109 kg) of trichloroeth­
ylene were widely used and distributed, and, although
some of these agents were lost by volatization, a sig­
nificant portion was believed to have been discarded
in waste dumps or to have entered the ground else­
where (12).

In the United States industrial organics constitute
the highest class in hazardous waste volume, account­
ing for 60-80 million metric tons. Other major haz­
ardous waste categories were general chemical manu­
facturing (40-50 ' 106 t), petroleum refining (20­
30· 106 t), explosives (10-15· 106 t), plastic ma­
terials /resins (6-10· 106 t), refuse systems (5-8· 106

t), agricultural chemicals (5-8 . 106 t), cyclic crudes/
intermediates (58 . 106 t), inorganic pigments (3.5­
5· 106 t) , and alkalies /chlorine (2.5-4.5 . 106 t) (13).

Hazardous waste management involves several tech­
nologie s and processes in addition to waste minimiza­
tion and reduction. These technologies and processes
include (i) recovery and reuse, (ii) destruction via in­
cineration, (iii) biological degradation and treatment,
(iv) thermal treatment and destruction; (v) chemical
detoxification, (vi) stabilization and solidification, and
(vii) above-ground, long-term storage (9, 13-15).

Table 1 illustrates the type of technology or process
and the waste volume managed, as recently estimated
by the treatments, storage , disposal, or recycling sur­
vey of the EPA (13). The US Congressional Budget
Office (14) estimated the volumes of incinerable haz­
ardous waste generated in the United States in 1983
(table 2) (16).

Although about one-fourth of all industrial hazard­
ous wastes are incinerable, historically in the United
States a relati vely small portion of these have been
burned. The rest have been recycled or sent to ultimate
land disposal. While some flammable wastes have
enough energy content to be useful as fuels to replace
purchased fuels, others do not , but will burn in com­
bination with regular fuels (17).

Incineration is generally considered to have a major
role in the hierarchy of waste management methods,
although it is currently uncertain as to whether or not
incineration will be able to reach its full potential, at
least in the United States (9, 15-23).

Type of technology
or process

Incineration
Reuse as fuel
Fuel blending
Solidification/stabilizat ion
Solvent recovery
Metal recovery
Wastewater treatment
Other treatment proce sses
Waste pile
Surface impoundment
Landf ill
Land treatment
Underground injection

Type of waste

Liquids

Waste oils
Halogenated solvents
Nonhalogenated solvents
Other organic liquids
Pesticides/herbicides
Polychlorinated biphenyls
Total liquids

Sludges and solids

Halogenated sludges
Non·halogenated sludges
Dye and paint sludges
Oily studqes
Halogenated solids
Resins , latex, monomer

Total sludges and solids

Total incinerable wastes
Total hazardous wastes

Waste volume managed
(million metr ic tons)

0.85-0.95
1- 1.2

0.45-0.6
0.5-0.6
0.7-0.8
0.4-0.5
350-450
1.5-3
0.4-0.5
150-225
1.7-2.0
0.3-0.4

11.5- 13.5

Quantity
(mill ion metr ic

tons)

14.25
3.48

12.13
3.44
0.026
0.001

33.33

0.72
2.24
4.24
3.73
4.58
4.02

29.31

62.64
265.60
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Table 3. Chemical conversion processes for hazardous wastes .

Table 4. Potential applications of the UOP decontamination
process. (UOP= Universal Oil Products, PCB = polychlorinated
biphenyl , LPG = liquified petroleum gas)

incinerators, while 40 commercial facilities were avail­
able that same year. Together the private and commer­
cial incinerators were believed in 1987 to be treating
less than 2070 of the wastes designated as hazardous
under the Resources Conservation and Recovery Act
(24). A variety of chemical conversion processes for
hazardous wastes has been recommended, and these
processes have the potential of converting wastes
to less hazardous products, primarily organic com­
pounds. Table 3 presents II chemical conversion
processes and the waste type treated (14). Wet oxida­
tion is the process by which compounds in water are
destroyed by oxidation at temperatures between 175
and 345°C and pressures between 20.4 and 204 at­
mospheres . Oxidation products include chlorides from
chlorinated hydrocarbons, carbon dioxide, and bio­
degradable alcohols, ketones, aldehydes, and car­
boxylic acids (14).

The largest proportion of organic waste liquids orig­
inate in petroleum or coal-based hydrocarbon matrices.
Some typical waste liquids derived from these base
stocks include dielectric fluids, heat transfer fluids,

Still bottoms from solvent recycle
Used motor oil
Spent solvent
Coal tar
Transformer oil

used lubricating, cutting and hydraulic oils, used sol­
vents, still bottoms from solvent recycle operations,
coal tars, and oils contaminated with polychlorinated
biphenyl (25). The Universal Oil Products, Inc (Illinois)
Corporation recently developed a catalytic hydrogen­
ation process (hydroprocessing) which can convert or
segregate major components of contaminated waste
liquids into clean fuel products at moderate tempera­
ture pressures. Table 4 lists the potential applications
of the UOP decontamination hydroprocess (25).

Recycling
As noted earlier , solid waste has continued to increase
in the United States [ie, the amount of municipal solid
wastes grew from 112.8 million tons (102.3 . 106 t) in
1975 to 126.5 million tons (114.7 . 106 t) in 1984], but
the percentage of the waste made up by plastics almost

Municipal solid wastes

By any reckoning, the scope of both the volume and
disposal of municipal solid wastes (trash, garbage, re­
fuse), particularly in the United States, is of monumen­
tal proportions (26-32) . Americans generate 2.9 to
8.6 pounds (1.9-3.9 kg) of waste per person daily.
In the span of one year US homes and businesses gener­
ate at least 180 million tons (163· 106 t) of municipal
solid wastes, and therefore the United States ranks
among the highest waste producers in the world (30).
Between 1960 and 1988, municipal solid wastes more
than doubled, while the US population grew by only
36%. Waste output is expected to grow by as much
as 20% by the year 2000 to approximately 216 million
tons (195.9· 106 t) (30).

Other industrialized countries appear to produce
much fewer pounds or kilograms of waste per day (30).

Although solid waste from each municipality can
vary significantly due to differences in climate, sea­
son, and social and economic factors, the typical com­
position of municipal solid wastes by weight has been
stated to be 36-40% paper and paper board; 18­
20% yard waste; 8-9% food waste; 8-9% rubber,
leather, textiles and wood; 8% glass; 6-7% plastics ;
and about 2% miscellaneous (27,31). Toxicity in the
waste stream is derived from pigments and stabilizers
in plastics, dyes and ink in paper, and a variety of
toxic household products, including oil-based paints,
motor oil, pesticides, batteries, paint thinners, general
solvents, and many common household cleaners. It is
generally acknowledged that an integrated approach
to the management of municipal solid wastes involves
source reduction, reuse where possible , recycling,
waste-to-energy incineration, and landfilling. The
reduction of toxins is needed to minimize exposure to
workers involved in these steps and to increase the
potential use of the final product.

Solvent fuel
Lube base stock
LPG fuel
Fuel oil
PCB-free mineral oil

Transformed hydrocarbon

Ethane
Ethane
Toluene
Biphenyl

Treated product(s)

Waste type

Variety of organic compounds

Phenols, cyanides, and organic
lead compounds in waste
waters, compounds in air

Variety of organic compounds

Cyanate, thiocyanate, acetate,
phenols, cresols

Chromium(Vll. cyanide ion ,
metal cyanide complexes

Chlorinated organic compounds
in waste waters

Polychlorinated hydrocarbons

Polychlorinated organic
compounds

Pesticides, polychlorinated
biphenyls

Organophosphorus pesticides,
carbamate pesticides

Strong acids, alkalies

Wet oxidation

Ozonation

Process

Molten-salt combustion

Electrochemical oxidation

Treatment with form ­
aldehyde

Catalytic reduction with
metal powder

Catalytic hydrogenation

Dechlorination

Destruction by microwave
plasma

Hydrolysis

Neutralization

Pollutant chemical

Trichloroethylene
Tetraethyl lead
Cresol
PCB

Polluted stream
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doubled, growing from 3.9 to 7.2 0/0 during the same
period (33).

In 1987 the plastics industry produced a total of
55 billion pounds (25 . 109 kg) of plastics, and the
public discarded about 22 billion pounds (10 . 109 kg)
of that amount. It is projected that by the year 2000,
plastics production may reach 75 billion pounds (34 .
109 kg) with the public expected to discard about
38 billion pounds (17 . 109 kg) of that amount , a fig­
ure accounting for 10% of the municipal solid waste
of that year (34). More than half of the discarded plas­
tics are found in the form of packaging.

The EPA has set a national goal of 25% for source
reductions and recycling in aggregate by 1992. Cur­
rentlyabout 13% of the total US municipal solid waste
(more than 300 billion pounds or 136 billion kilograms)
is recycled. It is estimated that approximately 2% of
plastics was recycled in 1990 compared with 23% of
paper, 15% of steel, 25% of aluminum, and 8.5% of
glass.

Recycling, which is relati vely cheap, revenue-gen­
erating and a low-technology solution, is slowlygaining
favor in most industrialized countries, but it still faces
heavy competition from incineration. In poor coun­
tries recycling has always ranked high in waste reduc­
tion , and in many Third World cities whole commu­
nities of people support themselves as dump scavengers
and recyclers (35).

Landfilling

From antiquity to modern times , the primary strate­
gy for disposing of solid wastes has been to dump them
on land. In 1986, the EPA estimated that more than
three-fourths of all municipal solid waste was deposited
in the nation's 6000 municipal landfills. Currently
about 75% of US garbage is deposited in landfills,
while 11 % is recycled and 13% is burned in waste-to­
energy plants (29). While in 1987approximately 14 ()()()
solid waste landfills operated in the United States, to­
day 70% of these have closed in the face of inten si­
fied public pressure and concern about ground water
contamination, and local officials have rarely approved
construction of new or expanded facilities. By the year
2000, the EPA has estimated that landfills will receive
nearly 96.3 million tons (87.3 . 106 t) of garbage [ap­
proximately 50% of the 192.7 million tons (174.8·
106 t) projected], while recycling and waste-to-energy
will account for 48.2 million tons (43.7 . 106 t) (50%)
each (29, 31).

It should be noted that land filling can represent an
essential component to many community plans when
landfills are equipped with proper liners and leachate
collection systems (27, 29).

Incineration
Owing to unsightliness and the threat of ground wa­
ter pollution, landfilling with municipal solid waste is
giving way in the United States to incineration. Wastes

have been commercially disposed of by burning in
Western Europe for over 100 years.

A wide range of materials comprise the combusti­
ble fraction of municipal solid waste. These mate­
rials include (weight %) paper (50.2%), yard wastes
(17.8%) , food wastes (16.8%), plastics (5.2%) , wood
(4.6%), leather and rubber (3.4%) , and textiles (2.0%)
(34).

The newest means of incineration, called mass burn,
is a European technique whereby garbage, for exam­
ple, is fed into a furnace, where it falls onto moving
grates that tumble it to temperatures of up to 2400°F
(1314°C). The burning mass heats water, and the steam
drives a turbine to generate electricity, which is sold
to a utility . To curb pollution, the waste gases are
blown into electrostatic precipitators or acid scrubbers
and then passed through fabric filters. The ash resi­
due is extracted, cooled, and generall y dumped into
municipal landfills, where it takes up approximately
10% of the room it would have taken as raw garbage.
It is estimated that there are 100 mass burn incinera­
tors in the United States, and there may be about 300
by 1995 (32). In the United States approximately 80%
of the municipal solid waste is disposed of in landfill s,
10% is recycled, and the remainder is incinerated with
or without energy recover y. In comparison, in Japan,
approximately 16% of municipal solid waste is di­
sposed of in landfills, and 34% is incinerated. Sweden
incinerates 50% of its municipal solid waste , Switzer­
land 75010, and Germany 34% (36).

The EPA estimates that the 161 US incinerators and
waste-to-energy facilities emit 12000 tons (10 884 t) of
particulate matter, 210000 tons (190470 t) of acid
gases, and 60000 tons (54420 t) of nitrogen oxides .
A large waste-to-energy facility (2200 tons/d, ie, 1995
tid) can be expected to generate 150 tons (136 t) of
parti culate matter. Metals such as cadmium, chro­
mium, lead, and arsenic can condense into particulate
matter during and after combustion (30, 37). In addi ­
tion large waste-to-energy facilities, depending on de­
sign and operating conditions, can emit polychlori­
nated dibenzo-p-dioxins (PCDD) and polychlorinated
dibenzofurans (PCDF).

In the European Community (EC), 540 municipal
incinerators dispose of about a quarter of the waste
of member countries each year (38). Plans are being
prepared in the EC to set limits on the quantities of
chemicals that can be released into the atmosphere
from the incineration of municipal solid waste. Those
being considered include PCDD, PCDF, and heavy
metal s (38). It should also be noted that several coun­
tries , including Belgium, France, Germany and the
United Kingdom, burn some of their wastes at sea on
incinerator ships. However, this practice is being cur­
tailed and may soon be banned (35).

Lead and cadmium

Refuse incineration is a major source of atmospheric
cadmium and lead in the United States and the United
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Kingdom (1, 28, 39). The risks from the incineration
of municipal solid waste with focus on total and leach­
able metals (including lead and cadmium) in incinera­
tor fly ashes has been reviewed by Denison & Silber­
geld (40).

The major contributors of lead to discards in mu­
nicipal solid waste in the United States in 1986 were
lead-acid batteries, plastics, glass and ceramic prod­
ucts, solder, and pigments which accounted for 211833
tons (192133 t) (99.2 lifo). Lead-acid batteries (type
used in automobiles) accounted for 65% (138043 tons
or 125205 t) of lead in the municipal solid waste of
1986.Over two billion household batteries are sold an­
nually in the United States. On the average, 1.7 pounds
(0.8 kg) of these batteries are disposed of by each US
family annually (41).

The major contributors to discards of cadmium into
municipal solid wastes are plastics, nickel-cadmium
batteries, plated products, glass and ceramic products,
and pigments. These five areas accounted for 1775 tons
(1610 t) of cadmium discharged into municipal solid
waste in 1986. Rechargeable nickel-cadmium batteries
which are incorporated into small appliances account
for 52% (930 tons or 844 t) of cadmium discharges .
Approximately 10 million nickel-cadmium batteries
were sold in the United States in 1985. Other products
that contain lead or cadmium that are frequently found
in municipal solid wastes include brass and bronze
products (lead), rubber products (lead and cadmium),
used oil (lead and cadmium), printing inks (lead), and
electric blankets and heating pads (cadmium) (41).

Lead-based pigments used in plastics and rubber in­
clude chromates and molybdate oranges. The plastics
industry is one of the largest consumers of lead chro­
mate pigments (41). Many inks used in commercial
bread wrappers in the United States have been reported
to contain relatively high concentrations of lead chro­
mate (42). On the basis of the assumption that soft
plastic bread packages have an average lead content
of 26 mg, and 3.0 . 107 bread bags are disposed of
daily in the United States, 0.8 t of lead would be added
to municipal solid waste daily or 292.0 t a year (42).
This lead could enter the environment as a result of
incineration or leakage into ground water from a land­
fill or could be recycled with co-mingled waste. [In ad­
dition colored inks used in magazines and glossy news­
paper inserts often contain lead-based pigments (43).]

Cadmium-based pigments employed in plastics are
principally sulfides, sulfoselenides, or mercury com­
plexes.

Several lead- and cadmium-based heat stabilizers are
used in polyvinyl chloride (PVC) and other resins. The
lead stabilizers with PVC have included dibasic lead
sulfate, dibasic phosphate, phthalate, stearate, and car­
bonate. The cadmium-based stabilizers with PVC in­
clude (liquids and solids) barium-cadmium decanoate,
barium-cadmium alkyl phenols and barium-cadmium
benzoates .
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Efforts are increasingly being made to reduce the
levels of lead and cadmium (and also chromium and
mercury) in municipal solid waste. In the United States
some states and city or regional programs have col­
lected or replaced household batteries on a pilot pro­
ject basis. Germany collects nickel-cadmium batteries
as a precaution against possible environmental pollu­
tion. Japan and many European countries have placed
regulations, in effect during the last decade, regarding
battery formulation and presorting prior to incinera­
tion or recycling.

In recognition of the human and environmental tox­
icity of lead and cadmium, the plastics industry is in­
creasingly attempting to reduce the levelsof cadmium,
or totally replacing both cadmium and lead, in ther­
mal stabilizers, pigments, and colorants. For example,
monoazo , monoazonaphthol, quinacridone, perylene,
and pyrazolone derivatives have been suggested as
organo derivative replacements for lead chromate and
cadmium sulfide and selenide pigments, and nickel
titanium and iron oxide are possible substitutes for lead
chromate and cadmium sulfide pigments (39).

The majority of lead- and cadmium-based heat
stabilizers has been replaced in applications in which
substitution is technically or economically feasible. For
example, organotin stabilizers (ie, alkyltin mercaptides,
alkyl tin carboxylates and barium -zinc stabilizers have
been suggested) (41).

An additional area in which there is an increasing
effort to replace lead involves the use of a new alloy
of copper and bismuth (with small amounts of tin and
phosphorus) for making faucets and other plumbing
fixtures. Lead-containing solders for plumbing are also
being eliminated. The use of cadmium for plating steel
for consumer electronics and appliances is being greatly
reduced by the increased use of circuit boards and plas­
tics.

Polychlorinated dibenzodioxins and
polychlorinated dibenzofurans

PCDD and PCDF are formed in trace amounts by a
variety of industrial, combustion, and diffuse sources,
including the pulp and paper industry, metal refining
and smelting, manufacture of flame-retarded plastics,
and dry cleaning (1, 2, 44-47). Theoretically, the pro­
duction of all polychlorinated aromatic compounds
(particularly chlorophenols and their derivatives, chlo­
robenzene and substituted chlorobenzenes) utilizing
temperatures above 150°C, alkaline conditions, ultra­
violet radiation, or the presence of free halogens or
radical initiators can give rise to the formation of
PCDD or PCDF (44).

The major pathway for PCDD and PCDF to enter
the environment is via combustion processes (ie, haz­
ardous, municipal, and hospital waste incinerators)
(the presence of PCDD or PCDF in flue gas and fly
ash of municipal incinerators appears to be universal);



the combustion of sewagesludge and scrap metal; recy­
cling; production accidents (like the one that occurred
in Seveso, Italy); and accidental fires and explosions
(polychlorinated biphenyl contained in transformers,
etc). Other sources of PCDD and PCDF emissions into
the environment include dumps, residues (ie, hazard­
ous waste disposal sites, contaminated areas, waste oil,
pentachlorophenol-treated wood production, and the
application of pesticides), and PCDD in automobile
exhaust (44, 47, 48).

2,3,7,8-Tetrachlorodibenzo-p dioxin (TCDD) (di­
oxin) is the major PCDD of occupational, general pub­
lic, environmental, and legislative concern.

A variety of efforts has been widely undertaken,
principally in many industrialized countries, to reduce
the formation and emissions of PCDD and PCDF.
Their management and disposal options fall broadly
into the following three categories: waste reduction and
recovery (process modification and retro fitting), waste
treatment, and waste management. These categories
have principally involved the optimization of combus­
tion processes for hazardous waste and municipal solid
waste incineration, process changes in the pulp and pa­
per industry, and the ban on polychlorinated biphenyls
and pentachlorophenol in many places (44, 47-49).

Waste reduction and recovery options
Modifying manufacturing processes and adding waste
reduction and recovery technologies forms a major
strategy in reducing the release of PCDD and PCDF
into the environment (44, 48). For example, one
process modification developed by Velsicol for the
preparation of hexachlorophene involves utilizing the
feed stock 2,4,5-trichlorophenol from the chlorination
of 2,5-dichlorophenol and thus avoiding the PCDD­
forming step inherent in the alkaline hydrolysis of
1,2,4,5-tetrachlorobenzene to form 2,4,5-trichloro­
phenol (48).

The reduction of halogenated -hydrocarbon still bot­
toms by pyrolysis for the recovery of hydrochloric acid
is another important risk reduction approach (44, 48).

Modification of pulp and paper mill bleaching
processes

Bleached chemical pulp and paper production are of
major importance in regard to their scale in many
countries and as a possible source of PCDD and PCDF
(44,47,50). The world production of bleached chem­
ical pulp is 50 million tons (45.3 . 1()6 t) per year.
There are currently 21 pulp mills in Sweden producing
4 million tons (3.6 · 106 t) of bleached pulp in addi­
tion to 104 mills in the United States and 47 mills in
Canada that produce chlorine-bleached pulp (44).

Chlorinated hydrocarbons, PCDD, and PCDF are
formed when chlorine reacts with organic matter in
wood (ie, lignins, which contain complex polyphenolic

polymers) . (For example TCDD and 2,3,7,8-tetra­
chlorodibenzofuran have been reported as a result of
bleaching kraft pulp with chlorine or chlorine dioxide
(44, 47, 48). Another source of PCDD and PCDF
during the bleaching process is believed to involve the
use of products which contain recycled oil to prevent
or minimize foam prevention.

Several steps have and are being taken by major pa­
per makers in North America and Europe to reduce
the formation and emissions of PCDD and PCDF.
These steps involve principally decreasing the amounts
of chlorine used in the bleaching process or adding
chlorine in slow stages or utilizingchlorine dioxide (44).
Other steps in remediation that have been utilized in­
volve the enzymatic removal of the lignin-hemicellulose
coating with cellulase or hemicellulose, a process which
significantly decreases the amount of chlorine needed
for bleaching (51). Some companies are planning to
install an oxygen delignification stage ahead of the
bleach plant that would further diminish chlorine usage
during bleaching. In addition some paper companies
are developing' 'high-yield" technology that produces
pulp that can be bleached with hydrogen peroxide and
sodium hydrosulfite rather than chlorine compounds.

Waste treatment and waste management options
Some waste treatment and waste management options
have been proposed for the reduction of PCDD and
PCDF (44, 48). For example a variety of thermal
methods which encompass a number of technologies
(eg, rotary kiln incineration; fluidized bed incineration,
electric pyrolysis, and plasma arc) have been employed.
The rotary kiln incinerator is the basic unit in several
thermal technologies that have been tested or proposed
for dioxin disposal. One example is the EPA mobile
incineration system that has treated over 900000 kg
of dioxin-containing soils and other solids and over
80000 kg of liquid waste, with a destructive efficien­
cy exceeding 99.9999070 (48). This system first utilizes
a trailer that is 4.9 m long and 1.2 m in diameter which
operates at up to 1000°C with a nominal solid reten­
tion time of 60 min. The second combustion chamber
operates to 1300°C with a retention time of 2-3 s.
A final unit contains a water quench, a wet electrostatic
precipitator, and an alkaline scrubber for off-gas treat­
ment (48).

Other proposed thermal methods include an elec­
tric pyrolyzer system designed to operate at 1800°C
and a thermal plasma system designed to produce tem­
peratures greater than 5000°C (48).

Chemical and photolysis methods have included (i)
the use of potassium polyethylene glycolate (prepared
from potassium hydroxide and polyethylene glycol),
which removes chlorine atoms as potassium chloride
from PCDD and PCDF; (ii) thermal desorption or
ultraviolet photolysis; and (iii) ultraviolet oxidation
combined with oxidizing agents such as ozone or
hydrogen peroxide. Other methods being investigated

103



include a super critical water oxidation system oper­
ated above 374°C and pressure over 3200 pounds per
square inch (3207 kPa) and modified clays [ie, cetyl
pyridinium montmorillonite, cetyl pyridinium hydroxy
aluminum montmorillonite, and hydroxy aluminum
montmorillonite (a zeolite-type clay)] (48).

Waste management options that are under develop­
ment by the EPA to manage PCDD and PCDF wastes
in order to reduce human and environmental exposure
include (i) in situ stabilization and solidification, (ii)
in situ vitrification (utilizing temperatures reaching
20 OOO°C that melt contaminated soil and decompose
the organic materials), (iii) storage of wastes in aban­
doned mines, and (iv) biological methods (ie, em­
ploying white rot fungus (phanerochaetechrysospo­
rium) to degrade toxic haloorganic constituents (48).

Volatile organic chemicals

The release of many volatile organic chemicals into
the ambient environment (as wellas into water and soil)
is an issue of increasing concern to industry, the general
public, and regulatory agencies in many societies with
local, regional, national, and international impact.
Emissions of many hundreds of such chemicals, in­
cluding some carcinogenic agents, arise from the fol­
lowing three principal categories: point sources, area
sources, and mobile sources (8, 52-56). Point sources,
or industries, emit volatile organic chemicals (as a con­
sequence of their use) from various processes that are
used to make a product(s) and may utilize solvents,
paints, oils, or they may emit volatile organic chemi­
cals as a result of fugitive emissions . Emissions from
point sources in the United States are believed to ac­
count for 30070 of the country's smog-forming vola­
tile organic chemicals (8).

Area sources are generally comprised of compara­
tively small-size emitters such as dry cleaners, print­
ing shops, repair shops, in addition to a variety of con­
sumer products (ie, hairsprays, deodorants). Because
of their widespread use, area sources account for ap­
proximately 20% of volatile organic chemicals in the
United States. Mobile sources, principally motor ve­
hicles, because of their huge numbers and extensive
use, constitute the largest source of volatile organic
chemicals, accounting for perhaps 50% of emissions.
Mobile sources, through fuel combustion (gasoline and
diesel), contribute polycyclic aromatic hydrocarbons,
benzene , 1,3-butadiene, formaldehyde, and fine par­
ticles, all of which are of particular concern.

According to a recent EPA source inventory, 85%
of emissions in the United States comes from mobile
sources, of which 70% is from exhaust, 14% from
evaporative emissions, and I % from vehicle refueling
(57). Benzene emissions from 36 coke by-product
recovery plants in the iron and steel industry were es­
timated at 18700 tons (16960 t) per year in 1989. In
1989, the EPA ordered a 90% reduction in the indus­
trial emissions of benzene over the next five years (58).
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A major review by the EPA in 1989 examined the
sources and risks of air toxins and concluded that,
of the approximately 90 pollutants evaluated, 12 ac­
counted for over 90% of the total estimated annual
cancer incidence for the chemical group. Products of
incomplete combustion were responsible for about
35% of the calculated total, and other major contri­
butors included I,3-butadiene, benzene, hexavalent
chromium, formaldehyde, and chloroform (53).

As noted earlier, the current strategy of the EPA
is to reduce total releases and transfers of 17 targeted
chemicals by one-third by 1992and by one-half by 1995
(7, 8, 59). The 1988 Toxic Release Inventory is used
as the base line for the reductions. [It should be noted
that industry estimates of total emissions of more than
300 chemicals into the environment was down I I% in
1989 from 1988 (58)]. The 17 targeted chemicals have
been taken from the Toxic Release Inventory. Each
year the inventory reports on more than 300 toxic
chemicals routinely released into the environment by
some 20 000 industrial facilities. The 17 chemicals in­
clude several important volatile organic chemicals (ie,
benzene, carbon tetrachloride, chloroform, dichloro­
methane, 1,1, I-trichloroethane, trichloroethylene, xy­
lenes, methyl ethyl ketone, methyl isobutyl ketone. The
additional chemicals on the EPA list of 17 toxic chem­
icals are cyanide compounds and chromium , cadmium,
lead, mercury, and nickel and their compounds. These
17 chemicals are used in metal working or painting,
machinery degreasing, petroleum refining, electrical
and transportation equipment, pulp and paper prod­
ucts, furniture and instruments, and the making of
chemicals . These chemicals were selected for a num­
ber of reasons, including their human health and en­
vironmental effects, high potential for exposure, pro­
duction volume, high volume of releases, and recog­
nized potential for cutting emissions (59).

Reduction of volatile organic chemicals

Major efforts are being made (and will increase by
legislative mandates) by diverse industries in many
countries to reduce the emissions of volatile organic
chemicals. These efforts include the use of (i) carbon
absorption systems, (ii) scrubbers, (iii) thermal regener­
ation with hot gases, (iv) thermal incineration with
regenerative heat recovery , (v) combination of sepa­
rate technologies, (vi) reformulation of paints, coat­
ings and resins, and (vii) high solids emulsion tech­
nology.

For example, the EPA will increasingly force dry
cleaners to use carbon absorbers or refrigerated con­
densers for controlling vent emissions of perchloro­
ethylene from existing machines and will mandate the
use of dry-to-dry machines which combine wash and
dry cycles in the same unit (60). EPA is also expected
to force commercial sterilizers using more than 600
pounds (272 kg) of ethylene oxide annually to use acid­
water scrubbers and catalytic oxidizers for cutting



1986 US cancer risk estimates

Chlorofluorocarbons

Table 5. Air toxic emissions. (US= United States, M100 =
100% methanol, FFV = flexible fueled vehicles, M85 = 85% ,
methanol and 15% gasoline)

Several chlorine-containing compounds such as the
chlorofluorocarbons (ie, trichlorofluoromethane and
dichlorodifluoromethane), halons (ie, trifluorobromo-

Optimized FFV on M85a
M100aGasoline

Fuel vapor 17-68 0 9-34
Parttculate'' 1-176 0-2 0-50
Benzene 97-150 2-4 29-45
Formaldehydes 43-81 30-58 90-171
1,3·Butadiene 221-252 2 80-91

to improved air quality and US energy security, and
the possibilityof lowering benzene and butadiene emis­
sions from the combustion of petroleum fuels (62, 63).
The use of methanol is advocated as a straight replace­
ment for gasoline (M-100= 100% methanol) or as a
blend of 85% methanol and 15% gasoline (M-85).
In addition flexible fueled vehicles are advocated in
which vehicles can operate on conventional gasoline
or with M-85 .

Chronic exposure to transportation fuels and their
exhaust emissions is a greater concern than acute ex­
posure to the fuels themselves. Table 5 lists the 1986
US annual risk estimates for cancer death in relation
to five emissions (fuel vapor; particulates, including
particulate incomplete combustibles and particulate
organic matter; benzene; formaldehyde; and buta­
diene) in contrast to gasoline, optimized M-100 and
flexible fueled vehicles on M-85 (62, 63). M-IOO
(100% methanol) produces no particulates or benzene
(except for a very small amount due no lubrication oil
or other effects) and only a minute amount of buta­
diene.

Methanol exhaust contains at least 35% less smog­
producing hydrocarbons (ie, less "indirect" formal ­
dehyde formed in the atmosphere from the transfor­
mation of reactive hydrocarbon emissions), and 30­
40% less airborne toxicants than gasoline. Methanol
exhaust, however, can contain three to five times more
formaldehyde than that of gasoline engines of equiva­
lent technology. However, possible improvements in
the technology of methanol engines and emission con­
trol are expected to effect a significant reduction in
formaldehyde emissions from pure methanol (M-lOO)
and M-85 fuels (62).

a Estimate assum ing complete replacement of gasoline.
b Including particulate incomplete combustibles and particu­

late organic matter.
C Includes both direct formaldehyde emissions and indirect,

photochemically generated formaldehyde.

chamber and exhaust vent emissions of the sterilant
gas (60).

To produce lower levels of volatile organic chemi­
cals, paint formulators are increasingly turning to
either water-based emulsions or to solvent coatings
with higher solids and have adopted higher solvency
power products (ie, higher alkyl chain ketones and di­
basic ester solvents) (61). In addition, a new coating
technology substitutes carbon dioxide for solvents in
the manufacturing process. Carbon dioxide is intro­
duced into a coating formulation immediately before
application, and this process results in a reduction of
volatile organic compounds from coating emissions by
30-700/0, depending on the process.

Reformulation of fuels
Enhanced vehicle controls such as canisters to contain
vapors generated by diurnal heating of other fuel and
improvements of fuel-dispensing hoses and nozzles on
service station pumps are the simplest measures taken
for the reduction of emissions from motor vehicles
(55).

Since gasoline and diesel combustion are major
sources of airborne toxicants, interest in the reformu­
lation of fuels and, to a much less extent, to alternate
fuels has led to changes in fuel combustion in mobile
sources (53).

The principle goal of the reformulation of fuels,
which in a sense can be considered a form of alternate
fuel, is to lower smog formation constituents. Gaso­
line is a complex combination of as many as 100 hy­
drocarbons plus extenders and additives. Aromatic
hydrocarbons are increased to compensate for the con­
tinued reduction of the lead content of leaded gaso­
line. On the average, benzene constitutes 1.5% of gaso­
line, and all forms of evaporative emissions of gaso­
line contain benzene. Approximately 85% of human
exposure to benzene in the United States is believed
to originate from gasoline (57). In reformulative gaso­
line, the average aromatics in unleaded fuel is about
20-30% to maintain a high octane rating. A variety
of extenders and additives has been employed, in­
cluding methyl butyl tertiary ether (MBTE), ethyl butyl
tertiary ether, methanol, ethanol, and manganese
catalyst to reduce benzene and nitrogen oxide emis­
sions. Methyl butyl tertiary ether, when used as an
octane enhancer and as an oxygenate for motor gaso­
lines, allows more complete combustion in car engines
and thereby reduces emissions as required by federal
clean air regulations.

Alternate fuels - methanol
Methanol fuels have been gaining favor in the United
States in recent years as an alternative to petroleum
fuels for a number of reasons, including its excellent
combustion characteristics, its possible contributions
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methane and chlorodifluorobromomethane) and, to a
less extent, methylchloroform and carbon tetrachlo­
ride have been implicated in the continued depletion
of the stratospheric ozone layer which shields the
earth's atmosphere from nltraviolet-B radiation . As
the ozone is depleted, increased ultraviolet-B radiat ion
results in more skin cancers, cataracts, and suppres­
sion of immune systems, and there is also the possi­
bility of its damaging crop s and aquatic organisms
(1, 3, 53, 64, 65).

Averaged over the entire globe , ozone decreased
about 2.5070 between 1969 and 1986. New EPA esti­
mates show that, as a result of the accelerating destruc­
tion of the ozone layer, there could be 200000 more
deaths from skin cancer in the United States over the
next 10years, roughly double the estimated current rate
(66).

Because about 10% of the chlorofluorocarbons is
employed in usages that involve slow emission to the
atmosphere because of the delay from release at the
earth's surface to decomposition in the upper atmo­
sphere , coupled with the very long observed atmo­
spheric lifetimes for these compounds, it is assumed
that stratospheric ozone depletion and the effects of
this ozone loss will be experienced on a global scale
throughout the 21st century (64).

Chlorofluorocarbons have a broad spectrum of uses,
including refrigerants, blowing agents, and cleaning
agents, and global production expanded rapidly from
1960 through 1988 (66).

The use pattern of chlorofluorocarbons increased
to about 1400million pounds (635 . 106 kg) a year un­
til 1974, when the ozone depletion theory was first
proposed. The use pattern changed significantly be­
tween 1974 and 1978. In 1974,2050 million pounds
(930 . 106 kg) of chlorofluorocarbons were globally
consumed, primarily as aerosol propellants and to a
less extent as refrigerants and blowing agents . Ho w­
ever, as aerosol uses of chlorofluorocarbons have been
almost totally eliminated in the United States and
decreases have been made elsewhere, chlorofluorocar­
bons are now the most used as refr igerants and blow­
ing agents. For example, the estimated global con­
sumption of chlorofluorocarbons in 1988was 2510mil­
lion pounds (1139· 106 kg), of which 30% was used
as refrigerants (in home appliances, automobile air
conditioners, commercial cooling systems), 28% as
blowing agents , 19% as cleaning agents , 19% as aero­
sols, and 4% in miscellaneous uses (65).

The United States is the largest producer and user
of chlorofluorocarbons. Although the use of chloro­
fluorocarbons in aerosols was banned in the United
States in 1978, the per capita consumption of chloro­
fluorocarbons continues to exceed that of Western
Europe, Japan, the Soviet Union, Australia, China ,
and India by substantial margins. Although developed
countries currently account for 85-90% of global use,
consumption rates are increasing in developing coun-
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tries in attempts to provide better essential servicessuch
as refrigeration and insulation (65).

Reduction of chlorofluorocarbons

In September 1987, the Montreal Protocol on Sub­
stances That Deplete the Ozone Layer was negotiated
and signed by more than two dozen nations. The pro­
tocol entered into force in January 1989 and by Janu­
ary 1991,68 nations had become a party of it. Under
its terms, the total global emissions of chlorofluorocar­
bons are to be reduced 20% by 1994(below 1986emis­
sion levels), and an additional 30% by 1999 (64, 65).
At the June 1990 meeting in London, amendments to
the Protocol were adopted that call for the complete
phasing out of chlorofluorocarbon and halon produc­
tion and release by the year 2000 and for the phasing
out of other significant ozone-depleting chemicals as
well.

Title IV of the recently passed Clean-Air Act in the
United States sets out scheduled reductions leading to
the phase-out of production of chlorofluorocarbons,
halons, and carbon tetrachloride by 2000 and methyl
chloroform by 2002. It also freezes the production of
hydrochlorofluorocarbons in 2015and phases them out
by 2030. Since these restrictions focus on production
limitations to the extent that these chemicals can be
recovered, recycled and reused , they may continue in
commerce past the applicable phase-outdate (8).

The European Commission is considering stricter
protocols than those in the Montreal Protocol, in­
cluding a 50% cut of 1986levels by 31 December 1991.
Average consumption of chlorofluorocarbons in the
European Community is down 50% from the 1986
levels, although production has not been cut as much
because of exports. Traditionally, Europe has exported
25-30% of its production and that is down to 15%­
20% (67).

Chlorofluorocarbons released from automobile air
conditioners represent the single largest source of emis­
sions (8), which account for about 16% of all releases
of chlorofluorocarbons. These emissions can be re­
duced considerabl y if the coolant is recovered and re­
cycled during servicing, repair, or disposal.

To a great extent, the recycling of chlorofluorocar­
bons will be necessary in the United States, if this coun­
try hopes to cut the use of chlorofluorocarbons and
still maintain its standard of living (53). However it
should also be noted that , in some industries, steps are
being taken to eliminate the use of chlorofluorocar­
bons. For example, in the electronics industry, ultra­
sonic cleaning is being employed for electronic com­
ponents (cleaning soldering debris and rosins from cir­
cuit boards) instead of relying on chlorofluorocarbons.
Several alternative fluorocarbon-based substitutes are
being developed to replace chlorofluorocarbon-113
(CzCI3F3) , which has been widely used to clean com­
puter components and circuit boards. These are based
on chlorofluorocarbon-141 b (CzH3ClzF) and a blend



of chlorofluorocarbon-l 41b , chlorofluorocarbon-123
(CzHClzF3) , and methanol, as well as on a mixture of
solvents and surface active agents (68) . The Nordic
Council of Ministers has reported on a joint project
on a technical economic assessment of the poss ibili­
ties for reducing the consumption and emissions of
chlorofluorocarbons in Denmark, Finland, Norway,
and Sweden for all the principal areas of applications
of chlorofluorocarbons excluding aerosols (69). The
occupational implications of the ban on chlorofluoro­
carbons were recently described by Orlander et al (70).
In 1988, the amounts used in Sweden were approxi­
rnately as follows: a total of about 3600 tons (3265 t) ,
of which 5OJo was used as a propellant, 50% in foams,
9% in degreasing operations and cleaning, 9% in dry
cleaning, 21% in refrigeration and heat pumps, and
6% for miscellaneous operations .

Miscellaneous chemicals and technologies

Water treatment chemicals
In the United States about 325 billion gallons (1374 .
109 I) of water are used daily, primarily by industry
and municipalities (excluding residential and commer­
cial and power generating utilities). Almost all of thi s
water must be treated by ph ysical , chemical, or bio­
logical methods to remove pollutants or contaminants
that may interfere with its use or its discharge into sur ­
face water (71). Most of the attention in the industry
has focused on chromates (hexavalent chromium),
once used extensively for corrosion inhibition in recir­
culating cool ing water systems. Concern about the
presence of chromium is principally directed at air ­
borne heavy metals from the misting of open cooling
towers and in waste water discharges.

Replacement products, which are being increasing­
ly employed, are based in part on inorganic phosphates
and pyrophosphates or all-organic treatments, used in
various mixtures with zinc, phosphonates , and disper­
sants. Only about 10% of all US plant locations st ill
use chrornates, although the refinery industry still re­
lies on their use to some extent (71, 72).

Hydrazine has been used as an oxygen scavenger and
metal pa ssivator to prevent corrosion in boiler and
water systems. Cyclohexylamines and sulfites , as well
as diethylhydroxylamine, have been used or suggested
for use to replace hydrazine (71). Sodium and potas­
sium salts of pyrophosphate, tripolyphosphate, poly­
acrylates, polyacrylamides, and polymethacrylates are
increasingly being employed for scale control (71) .

Rubber chemicals
Approximately 200 organic substances are used in rub­
ber processing (ie, act ivators, accelerators , retarders,
curing agents, antioxidants , antiozonants) (73-75) .
An average of 4.5 pounds (2 kg) of rubber chemicals
is used per 100 pounds (45 kg) of rubber. There is an
increasing attempt to replace carcinogenic rubber

chemicals predominantly in the area of accelerators
and curing agents. Thus greater use is being made of
accelerators such as N-tert,butyl, N-c yclohexyl, or
N,N-dicyclohexyl-2-benzotiazole sulfenamides to re­
place accelerators that can form carcinogenic nitros­
amines (ie, tetramethyl thiuram disulfide and N-oxy­
diethylene-2-benzothiazole sulfenamide). In addition
thiazole or piperidinium dithiocarbamates are being
utilized as replacements for lead and cadmium dithio­
carbamates as rubber curing agents (75) .

References

I. FishbeinL. Sources, nature and levels of air pollutants.
In: Tomatis L. ed. Air pollutionand human cancer. Ber­
lin: Springer-Verlag, 1990:9-34. (European School of
Oncology monographs.)

2. Fishbein L. Exposure in occupational versus other
sources. Scand J Work Environ Health. 1991 ;18Suppl
1:5-16.

3. World Health Organization (WHO). Air quality guide­
lines for Europe. Copenhagen: WHO, Regional Office
for Europe, 1987. (European series; no 23.)

4. Vainio H, Sorsa M, McMichaelAJ, ed. Complex mix­
tures and cancer risk. Lyon: International Agency for
Research on Cancer, 1990. (lARC scientific publications;
no 104).

5. USEnvironmental Protection Agency. Cancer risk from
outdoor exposure to air toxins. Research Triangle Park,
NC: Office of Air Quality Planning and Standards,
1989:peS-2.

6. US Environmental Protection Agency (EPA). The
toxics-release inventory: a nationalperspective. Washing­
ton, DC: EPA, 1986. (EPA report 560-4-89-005.)

7. Anonymous. EPA commits to plan to halt pollution at
source. Chern Eng News 1991;March 18:48.

8. US Environmental Protection Agency. The new clean
air act: what it means to you. EPA 1 1991;17:2-64.

9. Murphy K. Hazardous waste incineration overview. In:
Theodore L, Reynolds 1, ed. Introduction to hazard­
ous waste incineration. New York, NY: Wiley-Inter­
science, 1987:3-17.
fund solutions. Chern Week I988;February 24:28-31 .

II. Lean G, Hinrichsen D, Markham A. Atlas of the en­
vironment. NewYork, NY: Prentice-Hall, 1990:101-4.

12. Abelson PH. Inefficient remediation of ground-water
pollution. Science 1990;250:733.

13. Krieger1. Hazardouswastemanagement data basestarts
to take shape. ChernEng News I989;February 6:19-22.

14. Tucker SP, Carson GA. Deactivation of hazardous
chemical wastes. Environ SciTechnoI1985;19:215-20.

15. Metry AA. Elements of a balanced approach towards
hazardous waste management In: MactezouSP, Biswas
AK, Sutter H, ed. Hazardous wastemanagement. Lon­
don: Tycooly Publishers, 1989:117-9.

16. US Congressional Budget Office. Hazardous wastes
management: recent changes and policy alternatives.
Washington, DC: US Government PrintingOffice, 1985.

17. Black BB, GusheeDE. After regulation of industrialhaz­
ardous waste: what rule for incineration. Washington,
DC: Library of Congress, 1989:1-18 . (Congressional
Research Service, CRS report for Congress.)

18. Oppelt ET. Hazardous waste destruction. Environ Sci
Technol 1986;20:312-8 .

19. Winton1M, Rich LA, Kiasche ES, MackerronCL. Haz­
ardous wastes: minimization easesthe clean-up. Chern
Week 1987;August 19:22-6,30.

20. Minkhabwala M, Mehta R. Case study; transportable
incineration technologies for permanent Superfund

107



remediations. Hazard Waste Manage 1988;6:19-21.
21. Jos ephson J. Hazardous waste resear ch . Environ Sci

Technol 1984;18:222A-3A.
22. Thibodeaux LJ. Hazardous material management in the

future . Enviro n Sci Technol 1990;24:456-9.
23. Trentholm A, Lapp T , Scheil G, et al, Total mass emis­

sions from a hazardous waste incinerator. J Hazard
Mate r 1988;18:99-106.

24. Environ Corporation. Incineration as a treatment op ­
tion . Washington, DC: Environ Corporation, Environ­
ment al Department , 1987:3-4.

25. Youtsey KJ, Kalnes TN, Johnson RW, Hedden DR.
Treatment and recycling of waste oils and solvents. In :
Maltezou SP, Biswas AK, Sutter H , ed. Hazardous waste
management. London: Tycool y Publishers, 1989:
104-13 .

26. Fishbein L. Potent ial metal toxi city from hazardous
waste incineration. Tox icol Environ Health 1989;18:
287-309.

27. O'L ear y PR , Walsh PW , Ham RK. Managing solid
waste . Sci Am 1988;259:36-42.

28. Lisk OJ. Environmental implications of incineration of
municipal solid waste and ash disposal. Sci Total Envi­
ron 1988;74:39-66.

29. Nat ional Solid Waste Man agement Associat ion . Pub­
lic attitudes toward garbage disposal special repor t.
Washington , DC: Nationa l Solid Waste Management
Associa tion, 1989;1-10.

30. National Governors' Association . Curbing waste in a
thr owaway world: a report of the task force on solid
waste management. Washington, DC: Nat ional Gover ­
nor s' Association, 1990.

31. US Environmental Protection Agency. Solid waste dis­
posal in the United States. Washington, DC: US En­
viron menta l Protection Agency, 1989. (Report to Con ­
gress.)

32. Ratjke WI.. Rubb ish! Th e Atlantic 1989;December :
1-10.

33. Graff G. Th e loomin g crisis in plastics waste dispo sal.
Issues Sci Technol 1988;4:105-110.

34. Thayer A. Solid waste concerns spur plastic recycling
effo rts. Chern Eng News 1989;January 30:7-15.

35. Seager J, ed. The state of the earth atlas. London: Simon
& Schuster Inc , 1990:109.

36. Council on Solid Wastes. The solid waste mana gement
problem. 2nd cd. Washington , DC: Council on Solid
Wastes, 1990:9.

37. Haynes BW, Law SL, Campbell WJ . Metals in the com­
bustible fraction of munici pal solid waste. Washington ,
DC: US Department of Inte rior , 1977:16. (Rept Invest
8244.)

38. O'Sull ivan DA. Environmental concerns gain promi­
nence in Europe. Chern Eng News I989;March 27:7-14.

39. Hutton M, Wadge A, Mulligan PH . En vironm ental
levels of cadmium and lead in the vicinity of a major
refuse incinerator. Atmos Environ 1988;22:411-6.

40. Dension RA , Silbergeld EK. Risk of municipal solid
waste incineration: an environmental perspective. Risk
Anal 1988;8:343-55.

41. Franklin Associates. Characteristics of products con­
tain ing lead and cadmium in municipal solid waste
facilities 1970 to 2000. Prairie Village, KS: Franklin As­
sociates, 1989:1-40.

42. Weisel, C, Demack M, Ma rcus S, Gold stein BD. Soft
bread packaging: lead content and reuse by families. Am
J Public Health 1991;81:756-8.

43. Taylor, R. A loaf of bread, a ju g of wine and lead . J
Natl Inst Health Res 1991;3:36,39 .

44. Fiedler H, Hut zinger 0, Timms CW oDioxins: sour ces
of environmental load and human exposure . Toxicol En­
viron Health 1990;29:157-234.

45. Rappe C. Environmental stable chlorinat ed contami­
nant s from the pap er and pulp industry . In : Vainio H,
Sorsa M, McMichael AJ, ed. Complex mixtures and can-

108

cer risk. Lyon : International Agency for Research on
Cancer, 1990:341-53. (IARC scientific publicat ions; no
104.)

46. Rappe C. And ersson R, Bergquist PA , Brohede C,
Han sson M, Kjeller LO, et al. Overview on environmen­
lal fate of chlorinated dioxins and dibenzofurans:
sources, levels and isomer ic patterns in various mate­
rials. Chem osphere 1987;16:1603-18.

47. Hutzinger 0, Fiedler H. Sources and emissions of
PCDD/PCDF. Chemosphere 1989;18:23-32.

48. des Rosiers PE , Skinner JH. Advances in dioxin risk
management control technologies. Chemosphere 1989;
18:41- 55.

49. Naikwadi KP , Karasek FW. Prevention of PCDD for­
mati on in MSW inciner ators by inhib ition of catalytic
activity of fly ash produced . Chem osphere 1989;19:
299- 304 .

50. US Environmental Protection Agency. The national
dioxin study; tiers 3, 5, 6 and 7. Washington , DC: Of­
fice of Wat er Regulations and Standards, 1987. (EPA
Report 440/4a003 1987.)

51. Anonymous. Promising new markets emerging for com­
mercial enzymes. Chern Eng News 1990;September
24:17.

52. Zanetti R. No paper tiger. Chern Eng 1989;96(3):5.
53. US Environmenta l Protection Agency (EPA) . Th e re­

port of the Strategic Options Subcommittee: relat ive risk
reduction project. Washington, DC: EP A, 1990:70-3.
(EPA SAB-90-02IC.)

54. Shah J J, Singh HB. Distri bution of volatile organic
chemicals in outdoor and indoor air. En viron Sci Tech­
nol 1988;22:1381-8.

55. Lave LB, Wecker WE, Reis WS, Ross DA . Controlling
emissions from motor vehicles. Environ Sci Technol
1990;24:1128-35.

56. Hanson DJ. Toxic release inventory growing more con­
tentious. Chern Eng News 199I;June 3:20-1.

57. Dasch JM , Williams RL. Benzene exhaust emissions
from in-use General Motors vehicles. Environ Sci Tech­
nol 1991;25:853-5 .

58. Hanson D. Benzene emissions ord ered cut by 90"70.
Chern Eng News 1989;September 4:5-6.

59. Emb er LR . Rising pollu tion control costs may alter
EPA's regulatory direction . Chern Eng News 1991;Feb­
ruary 18:25-6.

60. Anonymous. Redu ction of emissions. Environ Po licy
Alert 1991;February:6.

61. Reisch MS. Demand pu ts paint sales at record levels.
Chern Eng News 1989;October 30:47-8.

62. Machiele PA . A health and safety assessment of meth ­
anol as an alt ernative fuel. In: Kohl WL , ed. Methanol
as an alternative fuel choice: an assessment. Washing­
ton, DC: The Johns Hopkins Foreign Poli cy Institute,
Paul H Nitze School of Advanced International Studies,
1990:217-39.

63. US Environmental Protection Agency. Analysis of the
economic and environmenta l effects of methanol as an
alterna tive fuel. Washington DC: Office of Mobile
Sources, 1989. (Special report.)

64. Rowland FS. Stratospheric ozone in the 21st centur y: the
chlorofluorocarbon problem. Environ Sci Technol1991;
25:622-8 .

65. McFarland M. Chlorofluorocarbons and ozone. Envi­
ron Sci Technol 1989;23:1203-7.

66. Zurer P . Destruction of ozone layer is accelerating.
Chern Eng News 1991;April 15:6.

67. Chynoweth E. European CFC makers set to rat ional ize
as ban is lifted . Chern Week 1990;J uly 18:10.

68. Ano nymou s. Substitut e solvents to replace CFC-113.
Chern Eng News 1989;March 13:19.

69. Nordic Council of Minist ers and Feder ation of Nordic
Indu stries . Redu ction of CFC-consumption. Copen­
hagen : Nordi c Council of Ministers and Federat ion of
Nordic Indu stries, 1988. (Main report 12 E. )



70. Olander L. Colmsjo A. Holmberg B. Krantz S. Land­
strom U. Occupational implications of the chlo­
roflurocarbon ban in Sweden. Am J Ind Med 1991;19:
818-26.

71. Thayer AN . Water treatments chemicals: tight er rules
drives demand. Chern Eng News 1990;March 26:17-34.

72. Karra s G. Pollution prevention story. Enviro nment
1990;31:4-5.

73. International Agency for Research on Ca ncer (lARC) .

Th e rubber industry. Lyon : IARC. 1989. (IAR C mono­
graphs on the evalu ati on of carcinogenic risk of chemi­
cals to humans; vol 28).

74. Fishbein L. Chemicals used in the rubber industry. In:
Hutzinger O. ed . Th e handbook of environm ental
chemistry . Berlin: Springer-Verlag, 1990:45-95.

75. Stinson S. Rubb er chemical industry strong, slowly
growing despite changes. Chern Eng News 1990;May
21:45- 66.

109




