
Chapter 4

Incineration Treatment Issues and Trends

Incineration of medical wastes remains a preva-
lent treatment method in the United States. l It is also
the treatment technology most often used for medi-
cal wastes in other Western countries (57, 58). The
advantages of incinerating medical wastes, are those
associated with the incineration of any type of waste:
significant volume reduction (by about 90 percent),
assured destruction, sterilization, weight reduction,
and the ability to manage most types of wastes with
little processing before treatment.2 The disadvan-
tages include potential pollution risks associated
with incineration processes and increased costs
associated with controlling pollution emissions (114,
116).3

In some European countries it appears that
regional off-site incineration facilities have been
encouraged to optimize the economical application
of advanced pollution control technologies (57). In
the United States, incineration continues to occur
on-site in smaller units, most of which have few or
no pollution controls. As some States adopt more
stringent air standards for medical waste incine-
rators, 90 percent or more of these existing units can
be expected to retire when these new standards go
into effect within the next several years (e.g., New
York State, California) (12). New on-site as well as
off-site units can be designed to meet stringent
emission control standards, and some older, on-site
facilities can be retrofitted with air emission controls
(if sufficient space and the economics make this
practical). Retrofitting can include modifying the
incinerator, adding or changing pollution control
devices, or both.

While new regional facilities are being estab-
lished and other new on-site facilities are operating
in the United States, it is also likely that incineration
will be supplemented by other treatment technolo-
gies. Nearly 80 percent of the hospitals in California
use alternatives to on-site incineration (49). Several
interrelated factors account for the likely decreased
dependence on incineration:

1.

2.

3.

4.

the increased cost of incineration due to
increased equipment needs to meet new emis-
sion standards and permit requirements;
siting and permitting difficulties associated
with locating new incineration facilities;
regulatory uncertainty associated with incinera-
tion requirements at the local, State, and
national levels of government; and
the increasing availability of nonincineration
alternatives for treatment of medical wastes.

In fact, increasing concern over incineration in
general and particularly for medical waste has
resulted, in some States, in indirect regulatory
encouragement for developing alternative treatment
technologies.

More specifically, the regulatory emphasis by
States has been on operation requirements for
increasing temperature, residence times, and com-
bustion efficiency to foster destruction of toxic
compounds in the combustion process in order to
preclude their release to the atmosphere. The re-
quired temperatures are tending to be set increas-
ingly higher than necessary to destroy pathogens.
According to EPA, the incinerator conditions needed
to destroy gas stream pathogens emitted from the
medical wastes are a function of temperature,
residence time, and good mixing to preclude ‘pock-
ets’ of gases (which do not reach the required
temperature). Based on limited available data, at
typical residence times, temperatures (for the secon-
dary chamber) necessary for pathogen destruction
are 1,600 ‘F or more. Most existing regulations
usually require temperatures of 1,800 or 2,000 ‘F,
higher than the temperature probably needed for
pathogen destruction, but considered necessary to
control other emissions such as volatile organics
(e.g., chemotherapy agents) (41).

Incineration technology continues to evolve, and
more sophisticated pollution control equipment is
becoming available. Another source of concern,

IMost of ~ese~c~erators  are of tie controlled-air type (see below and 114). This type of incinerator is popub.rfor  medicd wastes because it mica.llY
is more fuel-efficient and has lower particulate emissions than other smaller, modular combustion systems and its solid hearth can vapor-combust  liquid
wastes and ensure that needles are rendered noninfectious.

2A]tiough  separation  of noncombustibles and items with problematic constituents improves maintenance and possibly air emissio~.
30nce other  ~mtment  me~ods (e.g., ~utoclaving) me more ~oroughly  s~died, however,  ~creased  coscs  to ensure  tieir enviromnenti  safety may

also occur. Nonetheless, most nonincineration  altermtives  are less capital-intensive than incineration.
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however, is the potentially hazardous nature of
incinerator ash. As air pollution control equipment
becomes increasingly effective in removing particu-
late matter and toxic substances from flue gases, the
potential toxicity of fly ash collected from the
equipment is likely to increase.4 Effective destruc-
tion of toxic substances during combustion (i.e., of
some organic chemicals, as opposed to metals)
would minimize the presence of those substances in
flue gases; this would reduce the amount requiring
removal by pollution control equipment and thereby
reduce subsequent concentrations in fly ash residues
collected from the equipment. The toxic materials
captured in the fly ash are usually disposed of in a
landfill. 5 Limited data available on the constituent
nature of medical waste incinerator ash indicates it
can contain a number of hazardous substances (e.g.,
heavy metals; and dioxins and furans in fly ash) (as
reported in 114) (54a).

The presence of a toxic substance in ash does not
necessarily mean it presents an environmental haz-
ard. This depends, for example, on its volubility and
how it is managed (e.g., whether conditions will
allow leaching or gaseous emissions that lead to
inhalation or ingestion of the substance) (116). In
this light, the nature and management of ash from
medical waste incinerators requires careful consid-
eration. To date, little information is available about
its nature and potential hazards.6 EPA, as part of its
NSPS test program, will be collecting and analyzing
both bottom ash and fly ash samples for dioxins and
heavy metals.

This chapter reviews: 1) the regulatory trends
driving the market and development of incineration
options; 2) capacity, cost, and risk issues associated

with incineration; 3) current trends in the selection
of air pollution control systems; and 4) prospects for
co-firing medical waste with other waste types and
for regional incineration.

REGULATORY TRENDS AND
MEDICAL WASTE
INCINERATION

Currently, trends in medical waste management
are primarily being driven by State regulation,
particularly of air emissions, of medical waste
incinerators. At the Federal level, the Clean Air Act,
which is being re-authorized, is a source of concern
to the medical waste incineration industry.7 Less
attention has been paid to the regulation of incinera-
tor ash from medical waste incinerators. Increased
State and/or Federal regulation of ash disposal could
increase insurance (due to potential RCRA and
“Superfund” liabilities if it is considered hazard-
ous) and other operating costs for managing the ash
(presumably off-site at a specially controlled
landfill). s

The Waste Combustion Equipment Institute (WCEI)
testified before the Senate Committee on the Envi-
ronment and Public Works that the proposed Clean
Air bill would inappropriately apply standards for
large MSW incinerators to incinerators of different
types and for different wastes, such as medical
wastes (45). At the same time, EPA is in the process
of formulating its new source performance standards
(NSPS) for medical waste incinerators under its
existing authority in the Clean Air Act. They are
expected to be proposed in 1992. Some NSPS and
other types of Federal standards have been estab-
lished for MSW.9 The Agency initially considered

4F1Y ash is comp~s~ of fight p~icles that me either  carried off the grate by turbulence, or that condense ~d fOrm ~ tie flue gas ~ the bofler sYstem.
Bottom ashis the residue from combustion (ash) that accumulates on or falls through the grate of the incinerator. Most volatile metals (e.g., lead, mercury,
cadmium) are concentrated in fly as& whereas other types of less volatile metals (e.g., al uminu  chromium  iron) are concentrated in bottom ash (1 16).

sc~en~y,  ~ the sate rewlates  an ash tes~g pro-,  the material should be tested, and if it is h~dous it sho~d be sent to a ~ardous  waste
facility. See OTA (1 16) for a discussion of the current unresolved state of ash regulation at the national level.

GAItiou~ Wrote wmgaen~ rnc. indicates that its testing of medical waste incinerator ash det ermined  that the quality of the ash is similar to MSW
incinerator ash (43). See OTA (1 16) for a discussion of the nature and management of MSW incinerator ash. Quberand DrUIU (66) report that EP toxicily
tests at one facility with advanced pollution control equipment have tested the ash and found it to be nonhazardous.

~SCA 7401 et seq.
8See  OTA, 1989  (1 16) for a more de~led ~scussion  of MSW ~c~emtor  ash ~d possible  m~gement  ad r@atory scendos.  presumably,

medical waste incinerator ash, which has been found to be more hazardous than MSW ash in some cases, would be regulated in a similar way as MSW
incinerator ash (54a).

9CWenfly, at me Federal 1evel, NSPS for p~ic~ate matter and opaci~  ~ssions  ~ set for MSW ~ctierators.  MSW incinerators dSO  must meet
the mercury standard which is regulated as a hazardous air pollutant and the national  ambient air quality standards [set for such pollutants as nitrogen
oxides and carbon monoxide (1 16)]. The revised NSPS for MSW incinerators, proposed by EPA on Dec. 20, 1989, would cover acid gases,
dioxins/furans, nitrogen oxides, carbon monoxide, and metal emissions and revises the particulate matter and opacity standards to more stringent levels
(41). In additio~  emission guidelines for existing MSW incinerators were also proposed in the Federal Register on Dec. 20, 1989.
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including medical waste incinerators in their pro-
posed air emission standards for all incinerators
burning more than 50 percent MSW on November
30, 1989. Those proposed standards would have
applied to most medical waste incinerators and
required a 90 percent reduction in air emissions
through emissions limits, operating standards, and
some source separation and recycling requirements.
Apparently, at this time EPA is considering a lower
size cutoff for the MSW NSPS standard, which
would essentially exclude medical waste incinerat-
ing. Instead, a specific NSPS for medical waste
incinerators would be adopted (41).

At the State level, over half the States have
changed their requirements for medical waste man-
agement within the last 2 years (107). Most of this
regulatory activity focuses on setting stricter air

emission standards for medical waste incinerators.
Currently, the standard-setting process for air emis-
sions from medical waste incinerators in California
is attracting considerable attention (see box C). The
California Air Resources Board (CARB) is propos-
ing regulations for medical waste incinerators that
would require reducing emissions of dioxins by 99
percent or to 10 nanograms per kilogram. There is no
cadmium requirement, but local air districts are
recommended to evaluate the need for such stan-
dards on a case-by-case basis.

Originally, the proposal required the use of a dry
scrubber/baghouse combination for air pollution
control equipment, as the best available control
technology (BACT), to achieve the desired removal
rates. Any other technology that could document the
necessary reductions in dioxins could also be

Box California and Its Dioxin Control Measure: A Case Study of One State’s Approach
to Regulation of Air Toxics and Medical Waste Incinerators

On July 12, 1990, a proposed “air toxic control measure” (ATCM) requiring a 99 percent reduction in dioxins
or control to a level no greater than 10 rig/kg of medical waste burned was adopted by the State of California.1 It
is the culmination of an effort begun when the California Air Resources Board (CARB) identified dioxins as toxic
air contaminants in July 1986.2 CARB is required to evaluate the need for and the appropriate degree of control for
a compound that is identified as a toxic air contaminant (106, 108).

Through a formal risk management process, medical waste incinerators were found to have the greatest
individual risk potential of all dioxins sources the State identified. This, combined with the facts that most of the
incinerators are uncontrolled and located in residential areas and that emission test results from eight test facilities
found that they were also sources of other pollutants (e.g., cadmium, benzene, polycyclic aromatic hydrocarbons,
lead, mercury, nitrogen oxides, sulfur dioxide, particulate matter, and hydrochloric acid), led CARB to give medical
waste incinerators the highest priority for the dioxin ATCM (106, 108).

CARB identified 146 facilities that incinerate medical wastes in the State of California. Of these, 137 are
on-site facilities incinerating 28 percent of the total amount of medical waste incinerated, and 9 are off-site, regional
facilities incinerating the remaining 72 percent of the medical waste incinerated. The on-site incinerators are
typically located at a medical facility and mainly incinerate general solid waste (70 to 95 percent by weight of the
total amount of waste incinerated), similar to MSW, with infectious and pathological waste (5 to 30 percent by
weight of the waste incinerated). The incinerator may generate steam and hot water, but the only current air emission
regulation is a particulate matter emission standard set by the local air pollution control district (49, 106, 108).

Regional incinerators in California are located to serve many medical facilities and incinerate only pathological
and infectious wastes. These facilities have particulate matter and HCl emissions regulated by the local air pollution
control districts and the Department of Health Services (49, 106, 108). These regional facilities manage nearly 75
percent of the infectious waste incinerated in the State (8,700 tons per year of the 12,105 tons per year of infectious

l~ter tie a&ptiOn  of the CARB control  measure, local air pollution control districts have 120 days to propose ad 6 monti to adopt
a regulation at least as stringent as that adopted by CARB (106, 108).

2~cordfig  to Califofia  law, a tOXiC fi conti~t “an air pollutant which may cause or contribute to an increase in mortality or
an increase in serious illness, or which may pose a present or potential hazard to human health’ (California Health and Safety Code Section
39655).

Continued on next page
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wastes incinerated). The amount medical waste currently incinerated represents about 0.05 percent of the total
general waste produced in California annually (49, 106, 108).

CARB emissions testing of eight California medical waste incinerators served as the basis for developing the
ATCM. The emission rate for dioxins from these eight facilities ranged from 0.0003 to 14,140 rig/kg of waste
burned. A multipathway risk assessment (which considered exposure to inhalation, dirt ingestion, dermal
absorption, and mother’s milk) estimated that the risk for dioxin is 1 to 246 chances of developing cancer per
million, with the lower end of the range reflecting controlled facilities. Based on these findings, CARB identified
control equipment that could reduce dioxin emissions by 99 percent or to 10 rig/kg and determined that waste
disposal alternatives to incineration are available (106, 108). The proposed control measure is expected to reduce
the maximum individual risk by 90 to 99 percent, to 1 to 3 chances of developing cancer per million (49, 106, 108).

The proposed ATCM for dioxin of 99 percent reduction of dioxins or reduction to a level no greater than 10
rig/kg of waste burned is considered to be BACT (the best available control technology). Although CARB first
identified a dry scrubber and baghouse air pollution control system as the most effective in reducing dioxin
emissions, it later tested and reported that a well-designed incinerator equipped with a Venturi wet scrubber
achieved the 99 percent reduction (i.e., the proposed emission limit for dioxins). The proposed control measure also
includes requirements to ensure combustion efficiency to minimize dioxin formation, These include a minimum
temperature of 1,4000 °F in the primary chamber of a multiple chamber unit and a minimum temperature of 1,800°F
in the secondary chamber of a multiple chamber unit or the primary chamber of a single chamber unit, with a one
second gas residence time (106, 108).

In addition, a maximum temperature for flue gas at the outlet of the air pollution control equipment is specified
as  300°F (unless an alternative temperature achieves equal or greater control). The control measure also specifies
requirements regarding continuous record keeping for the operation of equipment and maintenance; reporting
violations, malfunctions, or upset conditions; annual source testing; operator training; and mandatory air district
permits (106, 108).

The proposed measure became effective July 1991, and the compliance timetable is for installation of BACT
15 months after the local air district’s adoption or to cease operation 6 months after the district’s adoption. The
dioxin control measure is expected to increase waste treatment costs by approximately $0.10 to $0.35 per pound
over current incinerator costs. In addition to the reduction in the risk to 1 to 3 chances of developing cancer per
million, the control measure is expected to produce other net environmental benefits (106, 108).

considered for permitting (e.g., wet scrubber sys- the wastes they burn may be most appropriate.10

terns). This provision was modified, however, to MSW incinerators tend to be large, mass-burn
State performance standards (e.g., a 99 percent
reduction requirement) without regard to the specific
technology necessary to meet them. The proposed
final standard became effective on July 12, 1990.
Reported test results from one facility show a 99
percent reduction and 10 rig/kg achievable with a
well-operated incinerator equipped with a high-
efficiency Venturi (wet) scrubber (107).

Given the large number of medical waste inciner-
ators (on-site and off-site) operating in the country,
separate regulation taking into account the special
characteristics of these incinerators and the nature of

incinerators (i.e., waste is burned as-it is received,
not processed or sorted), which are typically one-
chamber combustion systems operating under con-
ditions of excess air. Most medical wastes are
burned in excess air or controlled air incinerators
(sometimes referred to as starved air incinerators),
which burn waste in two or more chambers under
conditions of either excess oxygen or a deficiency of
air, respectively (1 14, 45, 30, 40) (see figure 8).11

As with MSW incineration, a trend may be
emerging for medical waste incineration to recover
energy and include front-end waste separation and

lo~e exact number of medic~  waste incinerators operating in the country is not known with certainty. The State of California, Xti 10 percent of
the U.S. population, reports 146 medical waste incinerators (49).

I IEpA finds, based on information gathered in ~States, that approximately 40 percent of total number of incinerators are ones operating under
excess air conditions and 35 percent are starved air units. These excess air incinerators are probably small incinerators used for pathologicrd  wastes and
have limited or no air pollution control equipment. They are probably not required to meet most air quality standards due to their size unless they are
in a State (e.g., New York California) tbat has recently adopted new air quality standards (141).



Chapter Incineration Treatment Issues and Trends ● 45

Figure 8-Controlled Air Incinerator
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SOURCE: U.S. Environmental Protection Agency, Industrial  Incinerators, EPA-450/3-80-013 (Washington, DC: May 1980).

recycling efforts. Such efforts, along with designing
the incinerator to account for the nature of the
wastes, affect incinerator performance. A recent
study of the performance of hospital incinerators
concluded that while performance-related problems
and emission exceedance problems can be caused by
poor equipment design, they are “more likely
caused by the incineration of wastes different, in
type or mixture, than originally anticipated” for the
system (81). Accurate waste analysis and designing
the incinerator to accommodate that waste feed will
help avoid waste-related operational problems.

In any case, the absence of controls at the Federal
level and the variation of controls at the State level
create a highly uncertain and complicated regulatory
climate for those who make, sell, and use medical
waste incinerators. Siting and permitting medical

waste incinerators in most areas of the country have
become as problematic as siting any type of waste
facility. Public resistance to siting some medical
waste facilities focuses on potentially hazardous air
emissions (e.g., dioxins, furans, HCl, cadmium and
lead emissions) and the disposal of potentially
hazardous ash residue (e.g., cadmium and lead
content). Pollution control equipment and engineer-
ing solutions are being applied to control these
emission and residue problems (e.g., scrubber equip-
ment to control particulate and HC1 emissions and
higher combustion temperatures and retention times
in the secondary chamber of incinerators of one to
two seconds at 1,800‘F to control organics) as well
as efforts to separate materials for recycling, includ-
ing such items as batteries, which contribute to the
level of metals in the ash.
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CAPACITY, COSTS, AND RISKS

Capacity

The advent of stricter environmental controls for
incinerators and the prospect of the resulting closure
of many existing facilities has fueled concerns over
whether adequate incineration capacity for medical
wastes is available nationally. This discussion will
focus on capacity issues, which are driving trends in
technology and permitting, and will indirectly (qual-
itatively) identify the general level to which a
capacity problem exists in this country.

It is extremely difficult to determine existing
incineration capacity (or demand/need for capacity)
on a national basis given the differences between
on-site and off-site incinerator capacity parameters
and the fact that the amount of medical waste
(including nonhospital sources) requiring treatment
is not definitively known (104). It does appear,
however, that the demand for capacity has outpaced
its availability in some regions of the country,
especially where new, more stringent State require-
ments lead to the closure of existing facilities and
newer facilities are not readily available (given the
lengthy permitting process and the persistent siting
problems).

The capacity problem is most likely to arise when
on-site incinerators shut down because they can no
longer meet regulations, when management prac-
tices (e.g., universal precautions widely applied)
increase the amount of waste requiring incineration,
or when increasing numbers of nonhospital genera-
tors enter the market. If a large number of on-site
incinerators cease operation, for whatever reasons,
in the same geographic region, a ‘‘capacity crunch’
can occur (104). This capacity deficit can result in
either accelerated permitting or increased export
(transfer) to other regions. In California, new re-
gional incinerators are being permitted, which will
provide surplus capacity for medical waste, no
longer burned on-site (49). In New York State,
increased out-of-State shipment is anticipated at
least in the short-term after new regulations take
effect (94).

Increasingly, older, on-site units are being re-
placed either with larger, on-site units that can be
regional (accepting medical wastes from nearby
clinics and nursing homes) and/or co-incinerate the
facility’s medical and solid wastes, or with off-site
regional incineration. The customer base for re-
gional incinerators continues to grow. Substantial
growth in this industry is projected.12 Interestingly,
although total on-site and off-site capacity may be
adequate to meet disposal needs, the regional
markets determine the fluctuations in available
capacity in a given area. That is, the varied
generation rates (in part related to regulatory trends
and shifts in management practices), the reluctance
of major regional incineration and autoclaving
operating companies to make capacity available to
competitors when the need arises, and regional
regulatory trends create an unstable level of treat-
ment capacity (104)0

The Southeast (centered in and around South
Carolina), lower Midwest (centered in and around
Oklahoma), and the Ohio Valley area now appear to
have excess capacity for medical waste. Indeed,
these areas have been magnets for the waste from
other parts of the country where capacity has become
saturated. Wastes from locations on both coasts have
been transported great distances to facilities in these
areas.

The uncertain outcome of the pending changes in
the Clean Air Act has slowed the pace of permit
applications in a number of States. In the Northeast,
constraints on capacity have been driven by such
factors as permit difficulties (e.g., the (now expired)
moratorium on incineration activity in Pennsylva-
nia). In other areas, there may be permit activity
(e.g., Texas, Illinois), but there is a lag between the
time when additional incineration and/or alternative
treatment capacity will be available in those markets
and the immediate capacity needs (104). This can
necessitate exporting medical waste out of the area
for treatment, at least until new treatment capacity is
available. In some areas, a “capacity crunch” is
being met by arrangements with local MSW incine-
rators to accept medical wastes (68; see below). The
State of California, when adopting new air emission
standards for medical waste incinerators, examined
the potential for a capacity shortfall. They concluded

12~e Swe iS tie for tie entire ~e&c~  ~a~te  ~Mgement  indus@y. ~cording  to one study,  me c~enfly  estimated  $750 mdfion medical waste
industry will expand to $1.5 billion by 1991 and grow to nearly to $5 billion by 1994 (cited in 75). Other studies project revenues to be even higher,
reaching $10.7 billion by 1991, with expenditures estimated to grow from $970 million to $2.9 billion by 1991 (cited in 74).
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that upgraded or new incinerators, or other treatment
alternatives, could be permitted within the timeframe
before existing facilities would be required to shut
down. Further, the relatively low volume of medical
waste incinerated could be landfilled at existing
facilities with little impact on their capacity accord-
ing to CAB.

Changes in regulation of a waste stream can result
in short-term shortfalls of permitted treatment ca-
pacity (e.g., the shortages of permitted MSW landfill
capacity experienced in some areas of the country as
States adopt more stringent landfill regulations,
leading to closure of many existing facilities). It
appears that such temporary shortfalls of permitted
capacity can occur for medical wastes. Yet, if
adoption of new regulations is coordinated with
careful planning and expedient permitting, such
shortfalls may be averted.

costs

The variable nature of the equipment design, size,
and add-on pollution control equipment make it
impractical to identify the typical cost of treating
medical waste by incineration (104, 54).13 Incinera-
tion costs can vary by more than 500 percent, and
OTA’s contractors independently identified wide
cost ranges from $0.07 per pound to over $0.50 per
pound (104, 54). The California Air Resources
Board estimates that uncontrolled incineration costs
are about $0.15 per pound and controlled incinera-
tion costs about $0.50 per pound (108). It is
generally believed that incineration is a more costly
alternative than most nonincineration treatment
alternatives; some estimates find autoclaving to be
30 percent of the cost of incineration (104).

CARB also calculated the estimated cost to
retrofit existing facilities to meet its proposed
standards to be an increase of $0.16 per pound of
waste burned. If on-site incinerators are shut down
and off-site incineration is used, costs are estimated
to increase by $0.35 per pound. If steam sterilization
is used, on-site, a $0.10 per pound cost is estimated,
and if incinerators are shut down and off-site steam

sterilization is used, a cost of $0.17 per pound is
expected (108).

Risks

Relative health risks associated with the combus-
tion of medical wastes continue to be debated as data
remains limited. A thorough examination of health
and environmental risks posed by different pollut-
ants is beyond the scope of this effort; these risks are
addressed elsewhere (116, 66, 12, 108). The inten-
tion here is to identify those pollutants of primary
concern in medical waste incineration because of
their potential human health and environmental
impacts.

These pollutants include dioxins and furans (some
of which are thought to be carcinogens), pathogens
(entities with infection potential), metals (e.g.,
cadmium, a neurotoxic chemical and thought to be
a probable human carcinogen), acid gases (e.g.,
hydrogen chloride (HC1), nitrogen oxides, and sulfur
dioxides), which can cause acute effects such as eye
and respiratory irritation, can contribute to acid rain,
and may enhance the toxic effects of heavy metals),
and particulate emissions (which can absorb heavy
metals and organics and 1odge in human lungs, and
serve as irritants possibly responsible for chronic
health effects). Their presence in either air emissions
or ash residue is a concern.14

A large data base for dioxins and furans and their
potential carcinogenicity makes them a particular
source of concern. It is presumed by regulators that
controlling emissions of these organics will control
emissions of other organics (PAHs), cadmium, and
perhaps particulate matter and HC1.15 Emissions of
these organic compounds from medical waste inci-
nerators have been noted (see table 6 and figures 9,
10, and 11). Barton et al., in a study for the EPA and
CARB, hypothesize that dioxin and furan formation
can be minimized by controlling particle and trace
organic emission levels within the combustion zone,
minimizing the time particles are held at tempera-
tures that maximize dioxins and furan formation and
maximizing the destruction of precursors (both

13EPA,  as p~of its Nsps Pqram  form~ic~ waste incinerators, is evaluating the capital and operating costs of various W pollution control  devi~s
and incinerators; the preliminary results are expected in late 1990.

Idsee OTA, 1989 (1 16) for a discussion of fisks associated with MSW incinerator air emissions ~d ash residues, which maY be simil~ to ~“se
associated with some forms of medical waste incineration.

15~@ scrubber systems (i.e., acid gas  remov~  plUS particulate removal), high removal of particulate matter gene~lY me~s ‘i@ ‘emovd ‘f ‘ea~
metals (except possibly  mercury) and moderate to high control  of dioxins~~s  (~d other semi-volatile organics). It appears that particulate matter
control is the key to controlling the pollutants noted  here, because they me converted to a solid (particulate) form to facilitate their removal from the
gas (20).
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Table 6-Emissions of Dioxins and Cadmium From
Medical Waste Incinerators in California

Percent of total waste Percent
incinerated v. percent statewide waste Percent dioxins
of statewide dioxins burned a emitted
emissions in California: (%) (%)

119 Onsite  incinerators
Controlled units:

1. Multiple chamber . . . 21.4 1.3
2. Excess-air . . . . . . . . . 0.07 0.03

Uncontrolled units:
1. Multiple chamber . . . 25.3 21.0
2. Excess-air c . . . . . . . . . 9.9 36.3

Subtotal . . . . . . . . . . . 56.7 58.6

9 Off-site incinerators
Controlled units:

1. Multiple chamber . . . 31.1 2.5
Uncontrolled units:

1. Excess-air . . . . . . . . . 10.3 38.9

Subtotal . . . . . . . . . . . 43.4 41.4

Total . . . . . . . . . . . . 100.0 100.0

Percent of total waste Percent Percent
incinerated v. percent statewide waste cadmium
of statewide cadmium burned a emitted
emissions in California: (%) (%)

119 Onsite Incinerators
Controlled units:

1. Multiple chamber . . . 21.4
2. Excess-air . . . . . . . . . 0.07

Uncontrolled units:
1. Multiple chamber . . . 25.3
2. Excess-air c . . . . . . . . . 9.9

Subtotal . . . . . . . . . . . 56.7

9 Off-site incinerators
Controlled units:

1. Multiple chamber . . . 31.1
Uncontrolled units:

1. Excess-air . . . . . . . . . 10.3

Subtotal . . . . . . . . . . . 43.4

Total . . . . . . . . . . . . 100.0

15.7
0.1

32.2
13.8

61.8

23.4

14.9

38.3

100.0
aFrom table X-3.
bFrom table XII-8.
qncludes  types  not specified.
‘From table X11-1  O.
SOURCE: State of California Air Resourees  Board, Technica/  Support

Document to Proposed Dioxins  and Cadmium Control Measure
forMedica/  Waste hwirterators,  prepared by Toxic Air Contami-
nant Control Branch, Stationary Source Division, California Air
Resources Board (Sacramento, CA: May 23, 1990).

vapor and particle bound) within the incinerator
(12). They also note that to control dioxins from the
flue gas with low-temperature fine particle control
merely transfers the dioxins from the air to the ash
(12).16 Yet, metals will not be controlled by these

measures; only add-on pollution control equipment
or front-end source separation will reduce emissions
of metals (41).

As part of its standard-setting process, California
undertook what to date is probably the most
comprehensive health risk assessment of medical
waste incineration. CARB worked closely with the
California Department of Health Services to develop
a multipathway health risk assessment model to
assess the potential acute, chronic and cancer health
effects from exposure to pollutants emitted from
medical waste incinerators, MSW incinerators, fos-
sil fuel combustion, and hazardous waste incine-
rators. For dioxins the multiple pathways used to
estimate potential risks are: inhalation, dermal
absorption, soil ingestion, and mother’s milk for the
frost year of an infant’s life (108). Other routes, such
as produce (leafy vegetable) ingestion, can increase
the risk relative to inhalation, but were not feasible
to consider in this effort. Further studies to supple-
ment the California studies could address this and
other exposure routes.

The results of the California risk assessment
estimate for dioxins that the risk factor ranges from
1 to 246 in a million of developing cancer for
continuous daily exposure for 70 years to an airborne
concentration of one picogram per cubic meter of
total dioxins. For cadmium, the estimate is that the
risk factor ranges from less than 1 to 15 in a million
for continuous daily exposure for 70 years to an
ambient air concentration of one nanogram per cubic
meter (108).

CARB also reported results for potential chronic
noncancer effects from exposure to pollutants emit-
ted from the eight hospitals it tested and reported as
well on the significance of emissions with the
potential to cause chronic health effects. The most
significant noncancer effects might come from iron,
manganese, and lead. Five facilities were identified
as having the potential to cause acute effects in
exposed individuals from HCl emissions (108). Yet,
the use of the risk assessment and its findings have
been problematic in California, and further work
needs to be completed in this area.

Beyond disputes over the actual health risks posed
by incineration, it appears that effective, available
technology will be able to reduce risks to whatever

16~e  ~t~c~ent  @on&@ of dio~/&m t. solids, i.e., the ash, is such tit their  removal by leaching  in a Iantifl  is not considered significant.
Thus, concentrating the dioxins/furans  in residue allows for their control by landfiiling (20).
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Figure 9-Comparison of PCDD/PCDF Concentration in Medical and Municipal Wastes

c
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10

Medical waste Municipal waste

SOURCE: R. Barton, G. Hassel, W. Lanier, and W. Seeker, State of the Art Assessment of Medical Waste Thermal Treatment, EPA Contract 68-03-3365 and
ARB Contract A832-155 (Irvine, CA: Energy& Environmental Research Corp., 1989).

Figure 10—Comparison of PCDD/PCDF Emissions From a Variety of Incinerators
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*Note that ng/Ncm represents measurements normalized to standard concentration of 12% C02

SOURCE: R. Barton, G. Hassel, W. Lanier, and W. Seeker, State of the Art Assessment of Medical Waste Thermal Treatment, EPA Contract 68-03-3365 and
ARB ContractA832-155 (Irvine, CA: Energy& Environmental Research Corp., 1989).
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Figure n-Comparisons of Cadmium Emissions From a Variety of Incinerators
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SOURCE: R. Barton, G. Hassel, W. Lanier, and W. Seeker, State of the Art Assessment of Medical Waste Thermal Treatment, EPA Contract 68-03-365 and
ARB Contract A832-155 (Irvine, CA: Energy& Environmental Research Corp., 1989).
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levels are defined by standards.17 CARB, for exam-
ple, reports that tests demonstrate high efficiency
Venturi wet scrubber systems, as well as dry
scrubber systems, at well-designed and operated
incinerators can reduce risks to acceptable levels,
defined by their standards to one to three chances in
a million (49, 108). It should be noted though that the
heterogeneous nature of the medical waste stream
makes it nearly impossible to conclude with cer-
tainty what the emission levels of certain substances
will be in any given unit. For example, two hospitals
with similar incineration systems can have highly
different emission test results largely due to the
differences in their waste streams and charging
methods (104).

TRENDS IN AIR POLLUTION
CONTROL SYSTEMS

Until a few years ago when the first major study
of emissions from hospital incinerators was com-
pleted and some localities set more stringent air
emission standards, air pollution equipment associ-
ated with these incinerators was minimal (126).
Today, some form of scrubbing system is considered
a standard part of many new incineration systems,
although most medical waste incinerators remain
uncontrolled and pollution control equipment is not
necessarily a standard part of medical waste inciner-
ation systems (41). Pollution control devices cur-
rently in use on medical waste incinerators include
wet or dry acid gas scrubbers (to remove/neutralize
acid gases, etc.), baghouses (fabric falters) or electro-
static precipitators (to remove airborne particulate
matter), hybrid dry/wet scrubbers, and afterburners
(sometimes used on excess air combustors to reduce
toxic organic gases).

A fairly common list of toxic compounds and
criteria pollutants to be controlled has evolved
through the development of regulations and the
permitting process. These substances are: particu-
late, hydrogen chloride, sulfur dioxide, carbon
monoxide, nitrogen oxides, dioxins, furans, mer-
cury, arsenic, cadmium, chromium, nickel, zinc, and
lead (104) (see table 7).

The selection of air pollution control systems
involves choosing between a wet or a dry scrubber
system. A scrubber is an emission control device that
adds alkaline reagents to react with and neutralize
acid gases, with the resultant products collected for
management of residue. For a dry scrubber this is
usually done through the use of a baghouse (fabric
falter) to trap solid particles (dust), while for a wet
scrubber byproducts are discharged as a slurry,
possibly requiring treatment before discharge to the
sewer. In the future, depending on the type of
scrubber used and the sewage discharge standards in
an area, wastewater treatment may also become a
more common feature of medical waste incineration
systems. This could add significantly to the capital
cost of an incineration system utilizing wet scrub-
bing (e.g., a wastewater treatment system can cost
$150,000 (8)). However, a condensing wet scrubber
system with zero liquid discharge, a technology used
for hazardous waste incineration, is being adapted
for application to medical waste incineration. It
appears that this could be an efficient and cost
effective system for controlling emissions from
medical waste incinerators (2).

These scrubber systems can control dioxin and
furan emissions as well as particulate emissions
because dioxins and furans in flue gases condense
onto fly ash particles if the gases are cooled enough.
They are then removed by the scrubber or particulate
control system (1 16). In MSW incinerators, the
combination of a dry scrubber and baghouse can
remove 97 to 99 percent of total dioxins present in
postcombustion flue gases (1 16).

As noted, the proposed regulations in California
first identified a dry scrubber as BACT18 The
incineration industry reported, however, that the dry
scrubber/baghouse combination is not suitable for
all medical waste incinerators, although this appears
to be primarily based on cost considerations. As one
study concluded, “Venturi [wet] scrubbers, due to
their lower capital costs and greater flexibility, are
the best choice for smaller and medium size hospital
incinerators’ and dry scrubbers, while ‘‘not as pop-
ular or as proven in the field, ” are cost competitive
for larger facilities (12 tons per day or more) (26).

17This is me ~ess ZtiO risk is re@red,  which no technology---or waste management praCtiCC-Can ac~eve.

lsc~ifornia used EPA data on dry scrubbers used for MSW incinerators (usually a spray atomizer-baghouse system) to medicd w*te incin~ators.
Medical waste incinerators which do use dry scrubbers usually have dry inj@ion baghouse  systems with injection of a dry alkaline substance into the
flue gas, which reacts with pollutants and is then captured in the baghouse (41).
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Table 7—Performance Data of Medical Waste Incinerators With Pollution Control Equipment

“Typical”
average of Lowest

Emission measured three samples reported Units of measurement

1.

2.

3.

4.

5.

6.

8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

Particulate including Method 5 impinger catch, 0.028 0.018
without CHEAF installed 69.2 44.5

89.0
Particulate including Method 5 impinger catch, 0.014 0.008
with CHEAF installed

HCI (hydrogen chloride)

SO2 (sulfur dioxide)

CO (carbon monoxide)

HF (hydrogen fluoride)

As (arsenic)
Be (beryllium)
Cd (cadmium)
Cr (chromium)
Ni (nickel)
Pb (lead)
Hg (mercury)
TCDD equivalent (dioxins)
TCDF equivalent  (furans)

34.6 19.8
97.3

9.2 0.98
15.0 1.6
99.3

4.0 0.31
11.4 0.89
92.1
18.8 8.7

Note: Worst case reported is 68 ppm (voI) dry basis @77002
0.08 Not detected
0.094 —

95.6 —
<0.05 —
<0.25 —

1.02 0.96
0.045 0.03
0.112 0.06

10.74 5.82
2.96 1.86
0.0311 0.0264
0.1088 0.0967

Total TCDD & TCDF as TCDD equivalent 0.1399 0.1231
Opacity 2 0

Grain/sdcf @7%02
mg/Nm 3 dry @7% O2

% Removal
Grain/sdcf@7?4002
mg/Nm 3 dry @7% O2

% Removal
ppm (voI) dry basis @7% O2

mg/Nm 3 dry @7%O 2

%  Removal
ppm (voI) dry basis@7Y002
mg/Nm 3 dry@7% O 2

% Removal
ppm (voI) dry basis @7% O2

ppm (voI) dry basis @7% O2

mg/Nm 3 dry @7% O2

% Removal
mg/Nm 3 dry@ 7Y002
fg/Nm 3 dry@ 7% O2

fg/Nm 3 dry@ 7% O2

fg/Nm 3 dry @7%O 2

fg/Nm 3 dry@ 7Y002
fg/Nm 3 dry@ 7?4002
fg/Nm 3 dry@ 7%O 2

fg/Nm 3 dry@ 7%02
fg/Nm 3 dry@ 7%O 2

fg/Nm 3 dry@ 7%O 2

Percent

NOTE: These data were collected from over 20 installations of medical waste incinerators with scrubbers in the United States in the period from Jan. 1,1988
through Apr. 1, 1990. They do not necessarily represent the best performance which can be achieved, but do represent “typical” performance which
can be expected from the equipment and systems reviewed by the study. Some data are supported by over 100 separate samplings, while some
(including the detailed metals and dioxin information) are based on only one or two installations with three samplings each. Nm 3 represents
normalization of measurements to standard 70/. 02 conditions. 1fg=10 -15 grams.

SOURCE: Anderson 2000 Inc., Technical Description, Performance Information, Material Balance and Flowsheet Data, Typical Guarantees and Turnkey
Installed Pricing for a 16.2 MM BTU/HR (1700#/HR) State-of-the-Art Medical Waste Incinerator With Wet Scrubber Emission Controls, Document
#1-5670-W (Peachtree City, GA: Anderson 2000 Inc., 1990).

EPA reports that there are no technical reasons
why a dry injection system or a spray dryer system
cannot be applied to medical waste incinerators (41).
Reports that the baghouse in medical waste incinera-
tor applications is susceptible to corrosion because
of the intermittent operation, which can result in
holes in the bag, should not occur if the system is
properly designed and operated (41, 49). Further, dry
scrubbers do not have any associated waste water
problems.

Wet scrubbers can remove about 95 to 99 percent
of HC1 and 85 to 95 percent of sulfur dioxide
emissions in MSW incinerator applications (116,
45). Wet scrubbers can achieve 90 percent HCl
removal with plain water in medical waste incine-

rators, but lime slurries or caustic soda solutions can
result in 99 percent or better hydrochloric acid
removal (139, 126). The California Air Resources
Board reports 85 percent particulate removal, 99
percent hydrogen chloride removal and O to 75
percent cadmium removal by wet scrubber systems
for a medical waste incinerator (108). Reheating the
flue gases may be necessary to ensure adequate
dispersion from the stack and compliance with
ambient air quality regulations, although it is not
clear that any medical waste incinerators have had to
do this (41).19

The WCEI maintains that advanced (versus con-
ventional Venturi) wet scrubbing systems can attain
high removal efficiencies for fine particulate, acid

ls7’hat is, wet scrubbing COOLS  tie flue gases to the water sateration temperature which can be as low as 120 OF. AS a result, plumes leaving  the s@ck
do not rise very high which can increase ground level concentrations of pollutants (1 16).
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gases and heavy metals at substantially lower
maintenance costs than the dry scrubber/baghouse
combinations (45). The industry anticipates that
soon (possibly within a year) the zero discharge wet
scrubber systems will be available (45, 2, 104). Yet,
wet scrubbers in current use can require a high
energy input to collect fine particulate, can suffer
problems of corrosion and erosion problems and
reentrainment of particulate, and may produce a
visible steam plume. Insoluble gaseous organics are
not controlled and permits for some local sewer
districts may be necessary prior to wastewater
discharge (126, 139).

Removal of HC1 and sulfur dioxides in one dry
scrubber system for a MSW incinerator were re-
ported to be 90 and 70 percent, respectively (1 16). It
is not clear how comparable these results are to those
that could result from medical waste units. The
California Air Resources Board reports 99 percent
particulate removal, 85 to 95 percent HC1 removal,
and 99 percent cadmium removal by a dry scrubber
with a baghouse system for a medical waste incine-
rators (108).

Again, the type of waste burned in a unit and the
size and type of incinerator unit are key factors in
determining how appropriate a particular applica-
tion of pollution control will be. In the types of
modular incinerators used for most medical waste
incineration, it appears from the California report
that dry scrubbers with fabric filters are effective in
controlling particulate, cadmium, and dioxin emis-
sions (49). EPA is testing inlet and outlet emissions
for both a wet and a dry scrubber system to
determine their performance in controlling metals
and dioxins as part of their NSPS testing program for
medical waste incinerators (41).

In the past, manufacturers and users have pre-
ferred wet scrubbing systems (104). EPA reports that
the current trend for large, new medical waste
incinerators, at least in the States with more restric-
tive air standards, favors dry injection/baghouse
systems (41). It appears that more testing of both wet
and dry scrubbing systems and other pollution
control technologies is needed to determine the best
treatment technology for a particular setting. Indeed,
some companies are experimenting with dry/wet

hybrids which are ‘‘customized’ versions of these
systems to presumably best meet a particular facil-
ity’s needs (56, 104).20

It should also be noted that presorting waste to
remove non-combustibles and substances known to
contribute toxic compounds (see ch. 2) and allow for
completeness of combustion (i.e., minimizing car-
bon monoxide and hydrocarbon emissions) are
important factors affecting air pollutant emissions
from incinerators. In fact, these factors can be
considered complementary approaches for control-
ling emissions via applications of air pollution
control technologies (1 16). Additionally, well-
trained operators can monitor and control combus-
tion efficiency to limit combustor emissions.

OPERATOR TRAINING
Fundamental to the proper operation of incine-

rators are trained operators. In addition, satisfactory
equipment (e.g., proper design, controls and instru-
mentation, etc.) plus regular maintenance and repair
are key components affecting performance (1 14). It
is widely suspected that operators of medical waste
incinerators are not routinely receiving proper train-
ing, and this, in part, explains why many incinerators
perform poorly.

Recently, a number of efforts have been under-
taken and/or completed that will facilitate operator
training and improved operating practices. EPA has
published a two-volume hospital incinerator training
course and a handbook on the operation and
maintenance of hospital medical waste incinerators
(127, 131). The stated purpose of the volumes is to
provide the operator ‘‘with a basic understanding of
the principles of incineration and air pollution
control” (127). The presumption is that site-
specific, hands-on training of operators will also
occur.21

Some States (e.g., New York) have recently
adopted requirements for certification of operators
(94). The American Society of Mechanical Engi-
neers is also developing an operator’s certification
program (6). The Waste Combustion Equipment
Institute endorses the development of a national
operator training and certification program (45).
Most of these programs suggest various levels of

Wests  of one facility with a hybrid dry/wet scrubber systcm reportedly met lhc stnngcnt Swedish dioxin cmission  limit Icvcls  (66).

211t is ~tmc.t@ t. note tit al~Ou@  wo~kcr safety issues arc  dlscusscd  in tic  EPA  course, Ihc  imp~rtancc  of front-end separation of recyclable or

noncombustible materials are not covcrcd,  and issues related to ash management arc addressed only briefly.
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training and competence for operators to achieve
certification. In addition, privately published hand-
books are also available to facilitate operator train-
ing (e.g., 32).

OFF-SITE INCINERATION

Off-Site v. On-Site Treatment

There was speculation after the passage of MWTA
about whether the exemption from tracking require-
ments for wastes treated on-site (which meet the
specified regulatory requirements) would encourage
use of on-site incineration. This may not occur,
given that other conditions (e.g., increased expense
and/or space limitations to expand existing facilities,
limited on-site expertise in waste management, etc.)
may provide strong incentives for off-site treatment.
It was in light of these conditions, which exist
widely, that the prospect of an increased number of
regional incinerators or other types of regional
treatment facilities has also been predicted in recent
years. It is not clear whether there is a trend for
more off-site or continued on-site incineration.

A trend toward more off-site incineration may
occur if changing requirements for waste manage-
ment make it more advantageous for medical
facilities than on-site incineration. Yet, health-care
facilities still tend to favor on-site treatment because
they have control over the ultimate disposal and can
thereby limit their liability more easily. In addition,
properly designed, operated, and maintained on-site
facilities can meet emission standards and provide a
viable waste disposal option.

At a minimum, it appears that present circum-
stances will stimulate cooperative planning efforts
on a regional basis, whatever type of on-site or
off-site treatment technology or management strat-
egy is actually adopted.

22 The two basic types of
off-site incineration options are: co-incineration of
medical wastes with other types of waste (e.g.,
MSW) or regional incineration facilities dedicated
to medical wastes.

Co-Incineration or Co-Firing of Wastes

To date, most off-site incineration has been in
units dedicated only to burning medical wastes.
Usually, capacity at off-site facilities is at such a
premium that companies do not want to use the
incinerators for nonmedical wastes. Yet, several
MSW incineration systems, operated by different
companies, do accept or are considering accepting
medical wastes because they have excess capacity
and/or the potential revenue from these sources is
much higher than from MS W (104).23 In fact, some
MSW facilities have marketed their ability to
incinerate medical wastes (e.g., locations in South
Carolina and Oklahoma).

From a technical perspective, MSW mass-burn
incineration systems are presumed adequate to
render medical wastes noninfectious (although no
data on this was found) and their pollution control
equipment should effectively control toxic com-
pounds contained in it.24 Concerns have been raised
about the ability of some MSW incinerators (e.g.,
water-wall types) that may not attach a sufficiently
high temperature throughout the chamber to ensure
pathogen destruction in infectious medical wastes
(45).

The number of co-incineration efforts is not high
for a variety of reasons, including: 1) public concern
over the ‘‘importation of medical waste from
non-local areas; 2) employee concern over potential
exposure to medical wastes in the workplace; and 3)
mechanical considerations, such as the handling
system for MSW (in which ‘‘red bags’ can be
ruptured when a crane lifts them from the pit to the
feeder of the incinerator, risking worker exposure)
and the roller grate system in MSW facilities, which
cannot control the movement of certain items well,
such as needles and syringes (104).

More recent attempts at co-incineration of MSW
and medical wastes attempt to address these issues
by having a separate feed system that lifts intact
medical waste packages into a dedicated medical
waste hopper for the incinerator. Such systems are
used in some on-site applications of incineration as
well, particularly in a facility where heat is recov-

zzlt  ,SI1ou  Id bc no[cd  W;lt  rcgion:ll,  commercial autoclave  units  ;dso  exist in some mcas  and arc being proposed in other areas.

z~[n  ~lost  ~:L~cs,  MSW tipping  fees at inclncmtors  arc much Iowcr  than medical wa.st~’  fees ( 104).

~Dl fficultlcs,  Prim:lrlly  related t. grc:ilcr  Occupatlona]  risk, ;lss~~latcd  with  ~ttcnlp(s  I()  nl;inflgc  mc~ic~l  W;LS[C at refuse-derived fuel faci]ilics  have

been reported (10). Questions have also been raised about  the ability of MSW incincratom  10 handle nccdlcs  and liquid wastes (given their grate design)
and the possibility for greater pathogen survival given the typically cooler water walls assocmtcd  with MS W (heat rccovcry)  chambers (41).
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ered. Another strategy is to use dedicated incine-
rators for medical wastes at sites permitted for MS W
incineration (104). Sweden and the Federal Republic
of Germany take a similar approach. In addition to
permitting the use of high-volume MSW incine-
rators for medical waste, these governments allow
co-locating infectious waste incinerators with MSW
incinerators and channeling their flue gases through
the high efficiency air pollution control equipment
of the larger incinerator (57).

A variation of co-incineration is a demonstration
project sponsored by the Department of Energy-
Morgantown Energy Technology Center and Penn-
sylvania Energy Development Authority which
co-fires medical waste with coal in a circulating
fluidized bed with steam recovery (27). Suggestions
have also been made that medical waste regional
facilities configured as hazardous waste incinerators
(which burn at extremely high temperatures) could
be efficient enough to cofire hazardous or other
“problem wastes” with medical wastes. Waste
types suggested for co-incineration with medical
wastes include: household hazardous waste, scrap
tires, and some commercial waste (66). To date no
such co-incineration facility exists.

There are plans for a hazardous waste (rotary kiln
incinerator) facility in California to burn medical as
well as hazardous waste. This facility is in the permit
process and has an expected start date in 1992 (104).
In some European countries, MSW and medical
waste facilities are sometimes designed as hazard-
ous waste incinerators (57).25

Regional Incineration

Regional facilities for medical waste management
may be privately owned and/or operated, or may be
cooperatively owned and/or operated by a number of
generators. It is also conceivable that, as with MSW
incineration, some of these facilities might be run by
a municipality or by a municipality in conjunction
with a private company and/or a number of genera-
tors (31). Regional incineration of medical waste on
a commercial basis began in earnest in 1986, when
the demand for services was high, capacity was
scarce, and permit requirements for air emissions
controls were simple and uniform (104).

In the four short years since then, the aggressive
pursuit of permits and development of facilities by
waste management companies have made greater
capacity available, even though the regulatory cli-
mate for permitting such incineration has become
complicated and variable. Indeed, the more compli-
cated regulatory situation for incineration of medical
wastes is one reason the demand for off-site treat-
ment has remained high. At this point, hospitals and
large generators in at least two metropolitan areas,
Baltimore and New York City, are cooperatively
planning a regional facility, usually as part of a
broader planning effort for a regional waste manage-
ment strategy. This section discusses these different
approaches to off-site, regional incineration of
medical waste: commercial (privately run) regional
incineration and generator-run regional incineration.

Commercial Regional Incineration

The two largest waste management companies in
the United States, Waste Management, Inc. and
Browning-Ferris Industries, have aggressively de-
veloped medical waste incineration sites on a
national basis; a number of other smaller companies
(e.g., Medigen, Atwoods, and Incendere) have done
the same on a more regional basis (104). As the
conditions for permitting these facilities have be-
come more problematic, closer scrutiny is being
given to the size, type, and location of the regional
sites. The waste management industry has called for
a ‘ ‘leveling of the playing field, ” i.e., for uniform
performance standards on a national basis in order
that companies operating in more than one State will
have similar requirements to meet. In addition,
on-site and off-site incinerators would be subject to
the same requirements; a state of affairs which can
favor a larger scale operation (104).

Permitting is a long, difficult process for any
facility—an-site or off-site—whether it be for medi-
cal wastes, MSW, hazardous wastes, or low-level
radioactive wastes. Yet, for medical waste incinera-
tion, it is probably more difficult to permit an off-site
than an on-site facility, although the on-site facility
might operate quite similarly to the off-site facility
(e.g., accept wastes from other generators). On-site
incineration has the benefit of possible waste heat
utilization and reduced transportation of waste.
Indeed, some waste companies have attempted to
locate on the site of a hospital or large generator.

MA  f;lcl[lfy  LIIa[ buns  MSW  :{nd  mcdlc~  WaSkX  In Stroud,  Oklabom~  is ah equipped m a way  Shih 10 a hz=dous  waste  facili~.
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Three significant hurdles in the siting and permitting
of off-site, commercial incinerators are: addressing
public concerns over potential risks posed by
incineration, meeting zoning permit requirements
and addressing transportation issues (e.g., the ‘ ‘im-
portation’ of wastes for the facility).26

The lengthy and difficult nature of the permitting
process has had a dramatic impact on the economics
associated with the construction of a regional
medical waste incinerator. Permitting a site can take
up to two years or more to complete before
construction of a facility. This can encourage the
construction of larger facilities or multiple facilities
on a site.

Other factors can favor siting smaller units. For
example, some communities are willing to accept a
smaller facility that will manage their own commu-
nity’s or local region’s medical waste, but are
opposed to a facility that acts like a magnet for the
importation of wastes from great distances. Also,
depending on the service needs of an area, having
several facilities rather than one large unit will
provide convenient backup capacity when a unit is
down for maintenance or repairs (104). It appears
that a mixture of large and small facilities will be
constructed depending upon the type of company
operating each, the scope of intended service, and
receptivity of the local community (104). It is likely
that the developmental trend of regional incineration
facilities for medical waste incinerators will mirror
somewhat the ups and downs of the regulatory
climate, at least until that becomes more uniform and
certain in nature.

Nonprofit/Generator Regional Incineration

Although the number of cooperative arrange-
ments between hospitals and other medical waste
generators within regions is not as high as some
might have predicted a few years ago, several such
arrangements are being developed in different areas
of the country. Examples include: the Baltimore area
medical waste project; the Greater New York
Hospital Association plans for a facility for metro-
politan New York, and the facility planned by the
Nassau-Suffolk Regional Council on Long Island,
New York.

The Baltimore regional facility is designed some-
what like a utility, A number of factors led to the
particular regional approach taken in this area.
Hospitals were responding to a dramatically
changed climate for medical waste management
brought on by the media coverage of washups of
syringes in the Baltimore area and related public
concern, new State and local regulations that re-
sulted, and consequent concerns over the viability of
present management practices by various facilities
(given, for example, a newly instituted ban of
medical wastes by a local MSW incinerator, a
moratorium in one county on incinerator construc-
tion, etc.).

The Maryland Hospital Association at the request
of its members then solicited bids for a long-term
solution to the medical waste management needs of
the area hospitals (25).27 These efforts were soon
re-directed when a newly organized corporation, the
Medical Waste Associates (MWA), presented a
proposal to develop a privately-owned medical
waste disposal facility. Eventually, to secure a freed
cost for financing the facility, ‘‘tax exempt’ status
was obtained for the $24 million bond issue. The
central features of the arrangements between MWA
and the individual hospitals are that participating
generator facilities will sign ‘ ‘put or pay’ contracts
(i.e., each hospital agrees to pay for the disposal of
a minimum number of tons of waste per year) for 20
years (with renewal options every 4 years), and
MWA will charge a flat rate of $300/ton ($0.15/
pound) for their disposal privilege. A rebate arrange-
ment exists to share the profits of ‘excess’ capacity
sold to others, and MWA will pay the ‘‘founding’
hospitals 50 percent of any net profits earned from
cogeneration activities (e.g., sale of byproducts such
as steam, ash, etc.) (25).

The facility will have a 160-tons-per-day capacity
in two incineration units; 120 tons are reserved for
the participating hospitals. This facility will accept
only medical wastes, including wastes from offices
of doctors on the staffs of a participating hospital.
Hospitals find it attractive that the facility will
accept nonsegregated medical wastes, but this fea-
ture and the ‘‘put or pay’ nature of the contract
create little incentive for reduction and recycling

~sl%bhc  concern over the siting of medcal waste facilities and the importance of public involvement in the permitting and siting processes are topics
beyond  the scope of this effort. Public concerns and the impacts of participation are net dissimilar to those expressed for MSW facilities that are discussed
in OTA, 1989, see especially, chapter 8 (1 16).

27Cmley ~d Born (25) provide a more detailed account of the development of the Baltimore rewond medic~ wrote facfli~.
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efforts. There are 31 hospitals in the region to be
serviced by the facility (as restricted by a special city
ordinance). Construction began on the facility in the
spring of 1990; it is expected to open in 1991.

The Greater New York Hospital Association has
formed a cooperative to build a state-of-the-art
facility to service the participating hospitals in the
metropolitan New York area. Citizen and environ-
mental interests, unions, waste companies, and city
and State officials, as well as the generator interests,
are involved in the planning of this facility as part of
their development of a broader medical waste
management plan. The New York City Health &
Hospitals Corp. initiated a related but separate effort
for a comprehensive waste management study to
evaluate the potential of waste reduction and recy-
cling opportunities for area hospitals before deter-
mining the most appropriate type of regional incin-
erator. The Natural Resources Defense Council
hosted an initial meeting of interested parties in their
New York office, November 30, 1989, to discuss
some of the initial study plans for developing the
regional medical waste management plan.

This plan also sets targets to reduce the volume of
medical waste, explores toxicity reduction efforts,
and identifies feasible recycling opportunities for
hospitals. A critical feature of the planning is
ensuring that the sizing of regional incinerator
facilities factors in the impacts that reduction and
recycling efforts might have on capacity needs in an
area.

The Nassau-Suffolk Hospital Council, Inc. repre-
sents 22 nonprofit hospitals on Long Island, New
York and also has been in the process of establishing
a nonprofit corporation for a regional disposal
facility, This regional planning effort, as with the
metropolitan New York effort, includes efforts to
implement reduction and recycling services in the
hospitals. At this point, the council has adopted an
interim strategy that involves use of autoclave/
compaction units (see ch. 3) by the hospitals on-site
and then shipment to several existing community
MSW incinerators with excess capacity. A regional
medical waste incinerator is still planned for the
future, and sites for it are being investigated now
(68).

Community involvement in the development of
plans such as these is key to their acceptability. For
example, the disinfection of wastes prior to shipment

to the off-site incinerator can allay community
concern over the transportation of the wastes. The
entire load of waste (which is mixed in the compac-
tion process with nonregulated medical wastes) is
manifested to meet the requirements of MWTA. As
noted above, there are no technical reasons to
preclude the burning of medical waste in MSW
incinerators. The pollution equipment on a state-of-
the-art facility should adequately control emissions
from the medical wastes. Adjustments can be made
to facilitate safe handling of the wastes to minimize
worker contact and any risks associated with expo-
sure. In the case of the Long Island hospitals,
pathological wastes and sharps will not be sent to the
MSW incinerators, but instead sent to an upgraded
hospital incinerator. This interim plan allows the
closure of 11 older incinerators, which would not
meet New York
in 1992 (68).

State new standards taking effect

SUMMARY

Incineration of medical waste is likely to remain,
at least for the next decade, the cornerstone of
management methods for medical wastes in much
the same way landfilling is for MSW management
efforts. Yet, as has already occurred with MSW
management, this necessary and appropriate treat-
ment option for certain wastes can be effectively
supplemented by other treatment technologies (e.g.,
autoclaving, chemical/mechanical disinfection, etc.).
The size, type, and nature of pollution control
equipment will continue to change as the regulatory
issues evolve. There is general agreement among
regulators and the regulated community that devel-
opment of uniform regulatory standards for air
emissions and site permitting would help stabilize
the regulatory climate for medical waste manage-
ment and assist in the further identification and
assessment of risks associated with incineration. In
addition, regulatory  determinations  r e g a r d i n g  t h e
management of incinerator ash are necessary to
accurately project costs for ash management and
facilitate decision making by health-care facilities
regarding the attractiveness of the incineration
alternative on the basis of costs.


