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Chapter 7

Comparison of Land-Based and
Ocean Incineration Technologies

Although liquid organic wastes are currently
managed in various ways, ocean incineration’s pri-
mary competition and closest analog is land-based
incineration. Therefore, it is important to compare
and contrast their technical features, the nature and
extent of their regulation, and their relative risks
of environmental release and adverse impacts.

COMPOSITION OF

The products resulting from incineration of haz-
ardous waste, whether on land or at sea, can re-
sult from complete or partial thermal oxidation of
waste components. The products can be grouped
as follows: plume gases, residual parent com-
pounds, products of incomplete combustion (PICs),
metals and particulate, and solid residues. A brief
description of each category is provided below.

Plume Gases

Total combustion of simple, nonhalogenated
chemicals generates carbon dioxide and water as
end products. If combustion is incomplete, carbon
monoxide is also formed, and its level in emissions
indicates the degree of incomplete combustion. In-
cineration of halogenated compounds generates acid
gases (e. g., hydrogen chloride) and much smaller
amounts of chlorine gas, in addition to carbon di-
oxide and water. The incineration of liquid wastes
containing sulfur or nitrogen can produce a vari-
ety of sulfur oxides and nitrogen oxides.

Except for acid-forming emissions (dominated
by hydrogen chloride), the Environmental Protec-
tion Agency (EPA) has not promulgated or pro-
posed regulations limiting emissions of stack gases
from hazardous waste incinerators. Relative to
larger combustion sources like powerplants, the in-
cinerators probably are a relatively minor source
for most of these pollutants. For certain wastes or
in certain geographic settings, however, hazardous

This chapter describes the nature of the combus-
tion products arising from both land-based and
ocean incineration and compares and contrasts their
respective technical and regulatory requirements.

INCINERATION PRODUCTS

waste incineration may contribute significantly to
the risks posed by hazardous air pollutants.

Residual Parent Compounds and Products
of Incomplete Combustion (PICs)

Parent compounds refer to those present in the
original waste, a small fraction of which pass
through the incinerator intact. PICs include both
partially destroyed compounds and new chemical
compounds not originally present in the wastes.
PICs, which all types of combustion processes gen-
erate to some degree, include a wide range of com-
pounds that are apparently synthesized during or
immediately after combustion through chemical re-
actions or the recombining of molecular fragments.

PICs often bear little or no resemblance to the
parent compounds from which they were derived;
nor does the presence of a particular PIC neces-
sarily correlate with the presence of a particular
waste component. Very little is understood about
how PICs are formed. They have been detected in
the emissions from burning a wide range of mate-
rials, both hazardous and nonhazardous (e. g., mu-
nicipal garbage, wood). The generation of PIGs
might be correlated with the level of oxygen present
during incineration and with the completeness of
combustion.

Both dioxin and dibenzofuran compounds,
known to be highly toxic to humans and in the envi-
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ronment, have been identified among PICs pro-
duced from incinerating various materials, includ-
ing municipal garbage. Our understanding of the
public health significance of these emissions, or even
their major sources, is far from complete.

The quantities of both residual parent com-
pounds and PICs present in incinerator emissions
vary with operating conditions, such as residence
time, turbulence, and temperature. An EPA study
of land-based hazardous waste incinerators (13)
found that the concentrations of PICs in the stack
gases were typically as high as the concentrations
of parent compounds, but that both were rarely
above 0.01 percent of the concentration of the par-
ent compounds in the original waste. EPA’s Sci-
ence Advisory Board's analysis of available studies
characterizing emissions from land-based inciner-
ators, however, led the Board to conclude that:

It is apparent that even with the uncertainties
related to sampling efficiencies and inadequate
chemical analyses, as much as 1 percent of the
mass of the waste feed could exit an incinerator
as compounds other than carbon dioxide, carbon
monoxide, water, and hydrochloric acid. (16)

Under such conditions, a total destruction effi-
ciency (DE) of only 99 percent would be achieved,
even though a much higher DE would probably be
measured under EPA’s current definition (see dis-
cussion of DE in ch. 2).

With respect to ocean incineration, EPA was un-
able to detect any dioxins or dibenzofurans in stack
emissions from the Vulcanus ships burning poly -
chlorinated biphenyls (PCBs) or the defoliant Agent
Orange. Questions have arisen, however, about the
adequacy of sampling and analytic methodology
employed during those monitoring efforts (see refs.
3, 16; also see discussion of past U.S. burns in
ch. 11).

EPA is currently devoting considerable effort to
characterizing the PICs that result from hazard-
ous waste incineration, and the Agency considers
it a research priority. PICs are currently unregu-
lated, although EPA proposed regulations under
the Resource Conservation and Recovery Act
(RCRA) in 1981 (46 FR 7684, Jan. 23, 1981). The
proposed Ocean Incineration Regulation would not
include any specific limits on the emissions of PICs,

pending further study, but EPA is considering two
approaches to their possible future regulation (see
ch. 2, and proposed Ocean Incineration Regula-
tion, 50 FR 8247, Feb. 28, 1985).

Metals and Particulate

These incineration products are the largely non-
combustible, inorganic (mineral) remainder from
the combustion of waste. In addition, substantial
amounts of particulate matter are sometimes de-
rived from the refractory firebrick lining of the com-
bustion chamber, itself. How much of these prod-
ucts are generated depends on the type of waste
incinerated; for example, the quantity of particu-
late from incineration of liquid wastes is gener-
ally significantly less than from incineration of solid
wastes.

Because metals are not destroyed by incinera-
tion, those present in the waste feed are either de-
posited in ash residues or are emitted from the com-
bustion chamber. Metals can be emitted in either
a particulate (solid) or a volatilized (gaseous) state.
Control strategies and environmental behavior vary
considerably for these two forms and from metal
to metal.

Incineration can alter the form and properties
of metals in several important respects, which are
discussed below.

Volatilization

The high temperatures typically employed in
hazardous waste incinerators can volatilize heavy
metals that are present in the waste; the degree of
volatilization varies with the incinerator's operat-
ing conditions, and from metal to metal. Mercury,
cadmium, and lead are generally considered most
problematic because they are easily volatilized and
are harmful if inhaled by humans. Although few
data are available for hazardous waste incineration,
one study examined the release of metals from in-
cineration of sewage sludge at 1,6000 F in a facil-
ity possessing air pollution control equipment (6).
At least 20 percent of the lead and cadmium, and
essentially all of the mercury, were emitted because
of the scrubber’s low efficiency at removing volati-
lized metals.
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Volubility

Incineration can also alter the chemical form and
volubility of metals found in wastes, thereby alter-
ing the metals’ potential availability and routes of
exposure to organisms or humans. For example,
incineration might change a water-insoluble form
of cadmium in an organic wastestream to a more
soluble form; when the resultant ash is disposed of
in a landfill, the cadmium would be more likely to
leach into nearby groundwater. Incineration in-
creases the water volubility of cadmium and cop-
per and decreases the water volubility of chromium,
nickel, and lead (4).

Bioavailability *

Incineration can alter the bioavailability of cer-
tain metals. The ability of living organisms to ab-
sorb and detoxify a particular metal greatly depends
on the metal’s chemical form. Because metal chem-
istry can be greatly altered by high temperature,
the potential for incineration to increase or decrease
the bioavailability of a metal must be considered.
Although this problem has been insufficiently stud-
ied, some data indicate that incineration increases
the bioavailability of arsenic and chromium (4).

Although emissions standards for specific metals
do not exist, for either land-based or ocean inciner-
ation, EPA has limited the total allowable quan-
tity of particulate material from land-based inciner-
ators, which should lower emissions of those metals
bound to particulate matter. For ocean incinera-
tion, EPA has proposed limiting the individual con-
centrations of particular metals in waste accepted
for incineration and, furthermore, the concentra-
tions of metals in the final blended waste, as a
means of reducing the quantity of emitted metals
(see next section). Many observers, however, have
called for further characterization and regulation
of actual metal emissions, based on their potential
contribution to the risk posed by hazardous air pol-
lutants (see chs. 2 and 9).

'A bioavailable metal is one that can be taken up by a living organism
and incorporated into its makeup or metabolic processes. Only cer-
tain metals, and only certain chemical forms of metals, are taken up,
and the bioavailability of a particular metal also varies from one organ-
ism to another.

Solid Residues

These products include ash left behind in the
combustion chamber and wastes generated when
air pollution control equipment (e. g., scrubber
sludges) is used.

Ash

The quantity and composition of ash resulting
from incineration varies widely and primarily de-
pends on the waste itself. For example, incinera-
tion generates substantially greater amounts of ash
from solid wastes than from liquid wastes. Oper-
ating conditions can also influence the quantities
of residuals. Ocean incineration typically produces
very little or no ash, although periodic cleaning of
the combustion chamber is necessary to remove
slag.

Sludges and Dusts

Land-based incinerators that employ air pollu-
tion control equipment generate additional waste,
including sludges and effluents (from the use of wet
scrubbers) and dusts (from the use of dry scrub-
bers and other collection devices). The quantity of
these additional wastes, which can be substantial
(see ch. 8), depends on what waste is incinerated.

The existing regulations governing land-based
incinerators (40 CFR 261 .3(c)2) and those proposed
for ocean incineration (50 FR 8268, Section 234.56(j),
Feb. 28, 1985) define ash and pollution control
residues as hazardous wastes and specify that they
be handled as such. Under RCRA, however, a var-
iance can be granted if the residue is shown to be
nonhazardous (Sections 264.351 and 261 .3(d)).
Residues can also be delisted on a case-by-case basis
by the EPA Administrator, under a provision of
the 1984 RCRA Amendments.

The latter procedure may be used to delist
residues from incineration of dioxin-contaminated
materials generated by a mobile incinerator oper-
ating in Times Beach, Missouri (5). It may also
be used to reclassify such residues as hazardous,
rather than acutely hazardous (the designation
given to all dioxin-contaminated materials). EPA
sees such a step, which would significantly ease res-
idue disposal requirements, as necessary to en-
courage incineration of dioxin wastes, but the rea-
soning is based on a controversial model of dioxin
toxicity (7).



722 . Ocean Incineration: Its Role in Managing Hazardous Waste

COMPARISON OF TECHNICAL AND

REGULATORY

This section summarizes and compares the vari-
ous regulatory provisions that impose technical re-
quirements on the use of land-based and ocean in-
cineration. For land-based incineration, references
are generally to EPA’s Incinerator Standards for
Owners and Operators of Hazardous Waste Man-
agement Facilities (46 FR 7666-7683, Jan. 23,
1981) and subsequent amendments (47 FR 27516-
27535, June 24, 1982), developed under the statu-
tory authority of RCRA. For ocean incineration,
references are to the proposed Ocean Incineration
Regulation (50 FR 8222-8288, Feb. 28, 1985),
which was developed under the statutory author-
ity of the Marine Protection, Research, and Sanc-
tuaries Act (MPRSA).

Waste Analysis and Waste Limitations

An operating permit for either land-based or
ocean incineration must specify what range of
wastes an incineration facility has demonstrated its
capability to satisfactorily treat. This range of wastes
must be specifically tested in a trial burn. In speci-
fying the wastes, the permit may limit waste com-
position, if necessary to meet performance or emis-
sions standards. Some limitations are specific to a
particular facility, whereas others apply to all in-
cinerators.

Regulations for both land-based and ocean in-
cineration require facility operators to perform peri-
odic waste analyses in order to identify constitu-
ents to which performance standards apply (see
below) and to ensure compliance with the terms of
operating permits. The stringency of this require-
ment, however, differs considerably. For ocean in-
cineration, a waste analysis would be required be-
fore each voyage; for land-based incineration, an
analysis is required only when requested by EPA.

Wastes to be incinerated on land must be char-
acterized with respect to the following:

* heat value,

* viscosity,

* physical form, and

+ identification and approximate quantification
of RCRA-hazardous organic constituents.

REQUIREMENTS

The waste description required for ocean inciner-
ation is somewhat more extensive than that for land-
based incineration. In addition to those listed above,
the following waste properties or components must
be identified:

* moisture, solid, and ash content;

+ specific gravity (density);

+ presence of polychlorinated terphenyls;

* main inorganic constituents;

* halogens, sulfur, and nitrogen constituents;
and

+ other organic compounds not listed as hazard-
ous under RCRA.

Limitations on chlorine content are commonly
written into operating permits for land-based in-
cinerators, in order to meet emissions standards or
to stay within the operating limits of scrubbers.
Solid or metal content may be similarly limited.
If PCBs are to be incinerated, maximum concen-
trations of PCBs in the waste are specified for both
land-based and ocean incineration.

Under the proposed Ocean Incineration Regu-
lation, two additional kinds of waste limitations
would be specified. First, EPA would specifically
limit how much of each of the following 14 metals
could be present in waste accepted for incineration
at sea:

aluminum iron silver
arsenic lead thallium
cadmium mercury tin
chromium nickel zinc
copper selenium

Concentrations would be limited to a maximum
of 500 parts per million (ppm) per metal. No limits
on the aggregate quantity of metals in the waste
or in the emissions would be specified.

Second, certain metals (and potentially other sub-
stances) would be limited by a proposed environ-
mental performance standard (see next section).
Under the standard, concentrations of particular
waste constituents in the final blended waste to be
incinerated would be limited to amounts that would
prevent the resulting mixture of incinerator emis-
sions and seawater from exceeding marine water
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quality criteria.?EPA has determined that limits
for mercury, silver, and copper would have to be
below 500 ppm to meet marine water quality cri-
teria (50 FR 51362, Dec. 16, 1985).

Both technical and regulatory distinctions be-
tween land-based and ocean incineration account
for the differences in waste limitations and require-
ments for waste analysis. Limitations on chlorine
content are not considered necessary for ocean in-
cineration, because of natural seawater’s ability to
neutralize hydrochloric acid gas. This phenome-
non is also the reason EPA would not require in-
cineration vessels to carry air pollution control
equipment. Because the lack of scrubbers would al-
low the emission of essentially all metals present
in the waste, however, the metal content of wastes
incinerated at sea would be strictly controlled.

The waste analysis requirements are more strin-
gent for ocean incineration than for land-based in-
cineration, partly because the two activities are reg-
ulated under entirely different statutes. Ocean
incineration falls under the definition of ocean
dumping specified in MPRSA. In general, inter-
national and domestic regulation of ocean dump-
ing has strictly controlled the types of waste that
could be dumped and has, therefore, mandated ex-
tensive waste analysis as a condition for obtaining
permits.

Performance Standards

EPA'’s approach to regulating land-based and
ocean incineration has relied primarily on stand-
ards for incinerator performance rather than stand-
ards governing incinerator design. Thus, any fa-
cility that possessed a combination of design
features capable of meeting minimum performance
standards would be eligible for an operating per-
mit. This capability has typically been demon-
strated by trial burns carried out prior to the grant-
ing of operating permits. For ocean incineration,
EPA has proposed a combination of incinerator per-
formance and environmental performance stand-

2Where there are no critera, the mixture could not exceed a ma-
rine aquatic life no-effect level or a toxicity threshold defined as 1 per-
cent of an ambient marine water concentration shown to be acutely
toxic to appropriate sensitive marine organisms (in a bioassay car-
ried out in accordance with EPA-approved procedures). Marine water
quality criteria have been developed for each of the 14 metals speci-
fied by EPA.

ards. The latter are proposed as alternatives to the
land-based incinerator performance standards gov-
erning hydrogen chloride and particulate emissions.

Table 12 summarizes incinerator and environ-
mental performance standards applicable to land-
based and ocean incineration facilities. Each of
these standards is defined and discussed below.

Combustion Efficiency (CE)

This measure of incinerator performance indi-
cates the overall efficiency of the combustion process
and can be monitored on a continuous basis. CE
is represented by the relationship between the con-
centrations of carbon dioxide (CO2) and carbon
monoxide (CO) in the incinerator exhaust:

CE = [CO2- [co] x100

[co2]

The CE standard is more stringent for ocean than
for land-based incineration in two respects: the
standard applies to all wastes, not only PCBs; and
it is numerically higher (see table 12). The higher
value is required because regulations promulgated
under MPRSA must equal or exceed international
regulations developed under the London Dumping
Convention, which specifies a minimum CE of
99.95 *0.05 percent for all wastes.

Destruction Efficiency (DE) or Destruction
and Removal Efficiency (DRE)

These measures of incinerator performance in-
dicate the extent to which particular compounds
that were present in the waste feed are absent from
emissions. DE and DRE must be calculated
separately for each designated compound and, be-
cause the chemical analysis is complex and time-
consuming, cannot be determined on a continu-
ous basis. Consequently, the usefulness of DE and
DRE in monitoring incinerator performance is
limited.

DE and DRE are defined as follows:

DE or DRE = _[Win] [ Wou] x 100
[Win]

Where [Win] is the concentration of a particular
compound in the waste feed and IW_] is the con-
centration of the same compound in the emissions
vented to the atmosphere.



124 . Ocean Incineration: Its Role in Managing Hazardous Waste

Table 12.-Performance Standards Applicable to Land”Based and Ocean Incineration

Performance standard

Land-based incineration

Ocean incineration

Combustion efficiency (CE)

99.9% for PCBs (TSCA)?

99.95 *0.05°/0 for all wastes

No CE specified for any other

wastes (RCRA)

Destruction efficiency (DE) or
destruction and removal
efticiency (DRE)

Hydrogen chioride (HCI) emissions

dibenzofurans

Particulate or metals emissions

99.99% DRE except:
99.9999% DRE for PCBs, dioxins,

If >1.8 kg/hr, control to larger of either:
a) <1.8 kg/hr or
b) 1% of total HCI

<180 mg/dry standard cubic meter,
when corrected to 50% excess air

99.99% DE except:
99.9999% DE for PCBs, dioxins,
dibenzofurans

After initial mixing, change in
seawater alkalinity in release zone
must be <10%

Metal emissions less than amount
exceeding marine water quality
criteria after mixing

A|ncineration of PCBs requires a separate approval from the Assistant Administrator of the Office of pesticides and Toxic Substances, in compliance with TSCA (40
CFR 761.70). EPA believes (and generally requires) that a CE >99.9°/. results in a DRE >99.9999%. (U.S. Environmental Protection Agency, Office of Policy, Planning
and Evaluation, *Summary and Conclusions,” Assessment of Incineration as a Treatment Method for Liquid Organic Hazardous Wastes (Washington, DC: 1985).)

SOURCES: Land-baaed incineration: Incinerator Standards for Owners and Operators of Hazardous Waste Management Facilities (46 FR 7666-7663, Jan. 23, 1981) and
subsequent amendments (47 FR 27516-27535, June 24, 1982). Ocean incineration: The proposed Ocean Incineration Regulation (50 FR 8222-8288, Feb. 28,

1985). PCBs: TSCA PCB incineration regulations (40 CFR 761.70).

The only difference between DE and DRE is that
any removal of compounds accomplished by air pol-
lution control equipment is included in the calcu-
lation of DRE, because DRE is measured after the
devices have acted on emissions. Because air pol-
lution control equipment is generally poor at re-
moving organic constituents (2, 13, 15), however,
DE and DRE are often functionally equivalent.

The waste destruction standard would be iden-
tical for land-based and ocean incineration (see table
12). Thus, despite their lack of scrubbers, inciner-
ator vessels would have to achieve an emission rate
for organic materials no higher than that allowed
for land-based facilities.

Hydrogen Chloride (HC1) Emissions

Incineration of chlorinated wastes generates
highly corrosive HCI gas. On land, if the rate of
HCI production exceeds 1.8 kg/hr (4 lbs/hr), scrub-
bers must be employed to limit emissions to less
than that amount or to remove 99 percent of the
total, whichever results in the larger emission. EPA
regards 99 percent removal as achievable using cur-
rent technology.

For a land-based incinerator operating at median
capacity (1,250 Ibs/hr), any waste whose chlorine
content was greater than 0.3 percent could be ex-
pected to exceed the HCI emission limitation of 4
Ibs/hr and, hence, would require a scrubber. Once
equipped with a scrubber that achieves 99 percent

HCI removal, the same facility could incinerate
waste with a chlorine content of up to about 30 per-
cent without emitting more than 4 Ibs/hr of HCI.

Incineration of waste with a chlorine content
greater than 30 percent would be legal as long as
99 percent of the HCI were removed, but other
practical constraints (e. g., corrosion, scrubber ca-
pacity, formation of chlorine gas) limit chlorine con-
tent to a maximum of about 35 percent.

For ocean incineration, EPA has proposed an
environmental performance standard that would
limit emissions to an amount that would result in
no more than a 10 percent change in alkalinity of
seawater in the release zone, measured 4 hours af-
ter release. EPA has calculated that this standard
would be met even for incineration of pure carbon
tetrachloride, whose chlorine content is over 90 per-
cent, at the very high feed rate of 25 metric tons
per hour, Given the significantly lower chlorine
content and feed rates that would realistically be
employed, it is highly unlikely that this environ-
mental performance standard would ever be ex-
ceeded.

Particulate Emissions

The existing particulate standard for land-based
incinerators is 180 mg per dry standard cubic me-
ter, measured after correction to 50 percent excess
air. The correction is designed to prevent opera-
tors from achieving the standard by simply dilut-
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ing the emissions with excess air rather than actu-
ally controlling particulate.

The rationale for controlling particulate is two-
fold: First, particulate matter itself can be hazard-
ous, because it can include toxic metals, which are
not destroyed during incineration; and second,
other hazardous constituents, including unburned
or partially burned organic compounds, can adsorb
to particulate matter. Although the chemical anal-
ysis used to calculate DRE accounts for unburned
parent compounds bound to particulate matter, the
DRE standard does not in any way measure or limit
partial combustion products (e. g., PICs) or metals.

The particulate standard applicable to land-based
hazardous waste incinerators is identical to that re-
quired of municipal incinerators under the Clean
Air Act’'s New Source Performance Standards (12).

For ocean incineration, EPA has proposed an
environmental performance standard for metals in-
stead of establishing a direct particulate emissions
standard. The proposed environmental standard
would limit incinerator emissions so that:

. . . the effect of the emissions would not unrea-
sonably degrade or endanger human health, wel-
fare, or amenities, or the marine environment,
ecological systems, or economic potentialities or
recreational or commercial shipping or boating or
recreational use of beaches or shorelines (Section
234.48(b) of EPA's proposed Ocean Incineration
Regulation, 50 FR 8266, Feb. 28, 1985).

EPA has interpreted this rather vague language
to mean that concentrations of particular constit-
uents in wastes to be incinerated would be limited
to amounts that would prevent the resulting mix-
ture of incinerator emissions and seawater from ex-
ceeding marine water quality criteria.’

This standard would theoretically apply to any
substance present in incinerator emissions. In prac-
tice, however, criteria and toxicity thresholds have
been developed for few chemicals, and this stand-
ard would primarily be used to limit metal concen-
trations allowed in wastes incinerated at sea. Be-
cause liquid wastes suitable for ocean incineration
typically generate low levels of particulate, EPA
considers the proposed limitations to be a justifia-

3See footnote 2.

ble alternative to requiring particulate control de-
vices on incinerator vessels.

Although the environmental performance stand-
ard appears to address harmful metal emissions,
whether it can adequately control emissions of PICs
associated with particulate is controversial. EPA
argues that at the high temperatures employed in
ocean incineration, essentially all organic com-
pounds would be in a volatilized state and not ad-
sorbed to particulate matter. Thus, particulate
removal equipment would not help to reduce PIC
emissions (l). However, some observers argue that
certain organic compounds, including PCBs, di-
oxins, and dibenzofurans, can to some extent asso-
ciate with particulate matter even at high temper-
atures. In addition, these observers maintain, other
mechanisms exist for including organic matter in
the particulate fraction of incinerator emissions
(9,10).

Further research will probably be essential for
resolving this controversy. EPA’s proposed research
strategy for ocean incineration would include tests
designed to address the issue (14).

Operating Conditions

Operating permits for both land-based and ocean
incineration facilities specify sets of operating con-
ditions that were demonstrated in trial burns to be
capable of achieving the performance standards dis-
cussed above. A set of conditions is determined for
each waste feed expected to be burned. Periodic
waste analyses must be performed to demonstrate
that wastes actually incinerated are within the range
for which a permit is written.

Land-Based Incineration

For land-based incinerators, each set of operat-
ing conditions includes limits on at least the fol-
lowing parameters:

* the carbon monoxide level in the exhaust stack
gas (indicates combustion efficiency, complete-
ness, or upset);

+ waste feed rate;

« combustion zone temperature, with location
of sensor specified;

+ appropriate indicator of combustion gas ve-
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locity (indicator of residence time in the com-
bustion zone); and
. air pollution control device operating con-

ditions.

In addition to these waste feed-specific conditions,
several operating requirements are uniformly ap-
plied to all land-based incinerators:

* during startup and shutdown, hazardous
wastes cannot be fed to incinerators unless they
are operating under specified conditions;

* combustion zones must be completely sealed
and maintained under negative pressure in or-
der to control fugitive emissions; and

+ automatic shutoff systems must be employed
to halt waste feed when operating conditions
deviate from specified limits.

Incineration of PCBs requires separate approval
from the Assistant Administrator of the Office of
Pesticides and Toxic Substances, in compliance
with the Toxic Substances Control Act (TSCA).
Additional operating conditions are specified:

« 1,200 + 1000 C, 2.0 second residence time,
3 percent excess oxygen; or

« 1,600 + 1000 C, 1.5 second residence time,
2 percent excess oxygen.

Photo credit: SCA Chemical ServicedAir Pollution Control Assoclation

The computerized control room at a land-based
incineration facility.

Other operating conditions are allowed if they
can be demonstrated to achieve the required DRE.

Ocean Incineration

The proposed Ocean Incineration Regulation
would also use a trial burn to determine appropri-
ate sets of operating conditions and waste feeds. For
certain wastes specified in London Dumping Con-
vention (LDC) regulations, if a contracting party
to the Convention “has doubts as to the thermal
destructibility of the wastes, ” then a separate test
burn would have to be conducted to ensure that
all standards could be met. Because of the antici-
pated difficulty in achieving their complete ther-
mal destruction, the following wastes would receive
special attention:

« polychlorinated biphenyls (PCBs);

= polychlorinated terphenyls (PCTs);

« tetrachlorodibenzo-p-dioxin  (TCDD);

« benzene hexachloride (BHC); and

« dichlorodiphenyl trichloroethane (DDT).

EPA considers available data sufficient to document
the ability of incinerators to destroy PCBs, BHC,
and DDT to the level specified by the LDC (50 FR
8228, Feb. 28, 1985). Because a 99.9999 percent
standard applies to PCBs and TCDD and data are
lacking for PCTs, however, test burns would be
mandated for these three substances.

Operating permits for incineration vessels would
have to specify allowable limits for at least two oper-
ating conditions:

® carbon monoxide concentration in combustion

gases, and
. waste feed rate t. th_ incinerator.

The proposed regulation specifically sets limits
on the following additional operating parameters:

+ minimum flame temperature of 1,2500 C;

* minimum wall temperature of 1,1000 C;

* minimum 3 percent oxygen concentration in
the combustion gases; and

+ residence time in the combustion zone of at
least 1.0 second.

For all of these except residence time, alternate
values could be substituted in the operating per-
mit, if other conditions were demonstrated in a trial
burn to be capable of achieving the performance
standards.
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The proposed regulation also specifies a set of
general operating requirements that would apply
to all vessels at all times:

* no black smoke or flame may extend above
the stack plane;

* between startup and shutdown, hazardous
waste could not be fed to incinerators unless
they were operating under specified con-
ditions;

* automatic shutoff systems would have to be
employed to halt waste feed when operating
conditions deviated from specified limits; and

+ all residues would have to be incinerated at
sea or transported back to land for proper
disposal.

This comparison of requirements for operating
conditions shows that the proposed Ocean Inciner-
ation Regulation generally tends to specify values
for more operating parameters and leaves less to
the judgment of individual permit writers than do
the regulations governing land-based facilities.

Air Pollution Control Technology

Effect of Scrubbers on Emissions From
Hazardous Waste Incinerators

Currently available air pollution control equip-
ment generally controls emissions of particulate
and acidic gases very effectively but removes or-
ganic compounds (parent compounds and PICs),
certain metals (e. g., mercury), and nitrogen oxides
very poorly.

An EPA study of land-based incinerators found
that, for various wastestreams, scrubbers had lit-
tle or no detectable effect on the levels of unburned
waste (parent compounds) present in emissions
(13). Based on these and other data, air pollution
control devices cannot be expected to remove re-
sidual parent compounds or PICs from incinera-
tor exhausts or to provide an extra margin of safety
in the event of operation upset (2, 15).

Although scrubbers effectively control emissions
of particulate metal oxides and gaseous sulfur ox-
ides, controlling volatilized metals and nitrogen ox-
ides is exceedingly difficult, particularly for haz-
ardous waste incinerators, This is because: 1) wet
scrubbers are ineffective at removing them; and 2)
other control measures often entail decreasing the

operating temperature, which must be maintained
to ensure complete combustion of hazardous wastes.

Land-Based Incineration

Scrubbers are required for land-based incinera-
tors that burn wastes whose chlorine or particulate
content would otherwise cause emissions standards
to be exceeded. EPA estimates that about 45 per-
cent of land-based incinerators currently operating,
including the large commercial incinerators, carry
some sort of air pollution control equipment (8).
Scrubber technology, especially for removing par-
ticulates, is well-developed but expensive.

Land-based incinerators regulated under RCRA
(or TSCA for PCBs) are also subject to controls
on scrubber waste disposal. Scrubber operation
generates very large amounts of scrubber water (see
ch. 8), which is itself classified as a hazardous waste.
Several methods, all subject to RCRA regulation,
are used for treating this residual. The methods in-
clude impoundment, deepwell injection, treatment,
and landfilling. Treatment generates two products:
a sludge, which is generally disposed of in a haz-
ardous waste landfill; and an effluent, which can
be legally discharged to surface waters or into sewer
systems if the effluent meets the requirements of
the Clean Water Act,

Ocean Incineration

Proposed domestic regulations, as well as exist-
ing international regulations, do not require the use
of any air pollution control equipment on inciner-
ation vessels. Separate rationales are offered for the
two major categories of incinerator emissions: acid
gases and particulate. EPA argues that acid gases
emitted from the stack would be effectively neu-
tralized on contact with seawater because of its nat-
ural buffering capacity. As an additional control,
the proposed Ocean Incineration Regulation would
impose an environmental performance standard for
acid gas -emissions (see previous section).

EPA also considers that burning only liquid
wastes at sea would generate very low levels of par-
ticulates and that controls over metal content in
waste would further limit harmful metal emissions.
Limitations on metal content of wastes burned at
sea would be based on EPA’s interpretation of the
London Dumping Convention’s guidelines with
reference to water quality criteria.
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Two companies, SeaBurn, Inc., and Environ-
mental Oceanic Services, Inc., have proposed plans
for incineration vessels that would be equipped with
seawater scrubbers, but their purpose would only
be to dilute the plume and direct it more quickly
into the ocean. The scrubbers, therefore, would not
generate any scrubber residuals (see ch. 6).

Sampling and Monitoring Requirements
and Procedures

Three levels of monitoring are generally dis-
cussed with regard to incineration: monitoring of
trial burns; routine monitoring of emissions and
incinerator operating conditions; and ambient mon-
itoring of surrounding air, water, and biota. Each
of these is discussed below for land-based and ocean
incineration.

Land-Based Incineration

Sampling and analysis procedures for incinera-
tor emissions are specified in Federal regulations
and EPA manuals. For the trial burn, actual loca-
tions for sampling and monitoring devices are in-
dicated, and data collected are used to determine
performance of the incinerator by providing for the
following:

* quantitative analysis of waste feed, stack emis-
sions, scrubber water, and ash and other
residues;

* computation of DE or DRE;

+ acid gas removal efficiency;

* quantification of particulate emissions;

* measurement of average, maximum, and min-
imum combustion temperature;

+ continuous measurement of carbon monoxide
concentration in the stack gases; and

* identification of the sources of fugitive
emissions.’

Operating permits for routine incineration
specify waste analysis and monitoring require-
ments. A waste analysis plan is required and must
provide for periodic verification of the chemical and
physical composition limits specified in the permit.
RCRA requires that temperature, carbon monox-
ide, waste feed rate, and combustion gas velocity

‘Fugitive emissions are small, sporadic losses of waste from sources
like leaking valves, vents, and seals.

be continuously monitored during operational
burning and that an automatic waste feed shutoff
system be continuously operated, as well. Waste
feed shutoff is triggered by deviation from permit
limits in any of several operating parameters, as
determined by the continuous monitoring devices.
Sampling and analysis of waste feed or emissions
must be conducted on request by the EPA Regional
Administrator. All sampling and monitoring data
must be recorded.

RCRA does not require ambient monitoring for
land-based incinerators, although some individual
States might have such requirements under the
Clean Air Act. EPA offers three reasons for not
mandating ambient monitoring: the Agency be-
lieves that if stack emissions are within regulatory
limits, no adverse effects will occur; accurate and
reliable ambient monitoring would not be feasible
because concentrations are extremely low; and
other industrial activities contribute similar or iden-
tical emissions, which would impede attempts to
assign sources to emissions or their effects.

Ocean Incineration

For trial burns, proposed Federal regulations
specify sampling and analysis procedures for par-
ent compounds. Routine operations would require
continuous monitoring, which would have to be
recorded in sealed tamper-resistant devices, of the
following parameters:

* incinerator wall and flame temperatures;

* oxygen, carbon dioxide, and carbon monox-
ide concentrations in the combustion gases;

+ waste and auxiliary fuel feed rates to the in-
cinerator;

+ air flow to the combustion chamber;

+ status of the flame (to monitor continuous
combustion); and

+ amount of waste incinerated.

An automatic waste feed shutoff system would have
to be operated continuously and be triggered by
deviations from specified limits for: minimum wall
temperature and minimum oxygen and maximum
carbon monoxide in combustion gases; flame-outs;
or failure in continuous monitoring devices.

Tests of ballast waters, tank washings, pump-
room bilge waters, and wash waters from decon-
tamination operations would have to be performed
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and recorded to ensure compliance with permit re-
quirements.

Vessel operators would be required to monitor
ambient air, water, and biota, using approved
methods under the direction of EPA. The moni-
toring would be conducted periodically or at the
request of the permit program managers. Costs
would be borne by individual vessel operators.

EPA would have authority to review and approve
the qualifications of all personnel involved in col-
lecting and analyzing samples for monitoring emis-
sions and the ambient environment.

As was the case for operational requirements,
proposed sampling and monitoring requirements
are generally more detailed and stringent for ocean
incineration than for land-based incineration.

Additional Provisions Not Required of
Land-Based Incineration

The proposed Ocean Incineration Regulation
contains several requirements that do not have
counterparts in RCRA regulations governing land-
based incineration. These requirements include the
following:

. all data from waste analyses and monitoring
would have to be submitted to EPA,;
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+ operators would have to meet additional re-
quirements regarding the collection and
reporting of monitoring data. The require-
ments would specify, for example, the fre-
guency of recording and the use of tamper-
resistant devices;

+ a full-time EPA shiprider would be required
on each voyage, and the U.S. Coast Guard
could require an additional shiprider;

+ facilities and records would be inspected yearly
by the U.S. Coast Guard and on request by
EPA,;

* permit applicants would have to assess the ef-
fects of their activities on endangered or threat-
ened species, and EPA would have to conduct
and periodically update its own endangered
species assessment, under the authority of the
Endangered Species Act;

+ the activity would have to be consistent with
the Coastal Zone Management Act; and

* operators must demonstrate the need for ocean
incineration (see ch. 2).

Although many of these requirements address con-
cerns arising from the fact that ocean incineration
takes place far from land, together they reinforce
the conclusion that the proposed Ocean Incinera-
tion Regulation would be considerably more ex-
plicit and stringent than the corresponding regu-
lations for land-based incineration.

REFERENCES

5. Environment Reporter, “Wastes From Burning Di-
oxin in Mobile Unit Would Be Excluded From List
Under Proposal, ' Environment Reporter, June 14,
1985, p. 276.

6. Gerstle, R. W., and Albrinck, D. N., “Atmospheric
Emissions of Metals From Sewage Sludge Inciner-
ation, "J. Air Pollut. Control Assoc. 32(11):1119-
1122, November 1982.

7. Inside EPA, * ‘EPA May Weaken Regulation of
Dioxin-Containing Incinerator Wastes, Inside
EPA 6(31):2, Aug. 2, 1985.

8. Keitz, E., Vogel, G., Holberger, R, et a., A Pro-
file of Existing Hazardous Waste Incineration Fa-
cilities and Manufacturers in the United States,
EPA No. 600/2-84-052, prepared for the U.S. Envi-
ronmental Protection Agency, Office of Research
and Development (Washington, DC: 1984).

9. Kleppinger, E. W., and Bond, D. H., Ocean In-



130 ¢ Ocean Incineration: its Role in Managing Hazardous Waste

10.

11

12.

13.

cineration of Hazardous Waste: A Critique (Wash-
ington, DC: EWK Consultants, Inc., 1983).
Kleppinger, E. W., and Bond, D. H., Ocean In-
cineration of Hazardous Waste: A Revisit to the
Controversy (Washington, DC: EWK Consultants,
Inc., 1985).

League of Women Voters of Texas Education
Fund, “Independent Observations on Ocean In-
cineration, A League Member's Experiences on
Vulcanus Il Voyage, November 4-9, 1983, ” pre-
pared by D.B. Sheridan (Austin, TX: League of
Women Voters of Texas Education Fund, 1983).
Pahl, D., * ‘EPA’s Program for Establishing Stand-
ards of Performance for New Stationary Sources of
Air Pollution, ” J. Air Pollut. Control Assoc.
33(5):468-482, May 1983.

Trenholm, A., German, P., and Jungclaus, G.,
Performance Evaluation of Full-Scale Hazardous
Waste Incinerators, EPA/600/S2-84, contract report

14.

15.

16.

17.

prepared for the U.S. Environmental Protection
Agency (Washington, DC: May 1984).

U.S. Environmental Protection Agency, Office of
Water, Incineration-At-Sea Research Strategy
(Washington, DC: Feb. 19, 1985).

U.S. Environmental Protection Agency, Office of
Policy, Planning and Evaluation, “Background Re-
port I: Description of Incineration Technology, ”
Assessment of Incineration as a Treatment Method
for Liquid Organic Hazardous Wastes (Washing-
ton, DC: March 1985), p. 30.

U.S. Environmental Protection Agency, Science
Advisory Board, Report on the Incineration of Lig-
uid Hazardous Wastes by the Environmental Ef-
fects, Transport and Fate Committee (Washington,
DC: April 1985), pp. 20, 23.

Zurer, P. S, “‘Incineration of Hazardous Wastes at
Sea—Going Nowhere Fast, ” Chem. Engr. News,
Dec. 9, 1985, pp. 24-42.



