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incinerator emissions or their toxicities was avail-
able, which meant that the potential for environ-
mental or human exposure and impact could not
be assessed. The study challenged EPA’s measure-
ment of destruction efficiency, which addresses only
a few selected compounds, as a basis for evaluat-
ing the total performance of incinerators. It rec-
ommended that EPA undertake a complete charac-
terization of emissions, including products of
incomplete combustion (PICs).

The report stressed that the uncertainties the
SAB had identified applied equally to land-based
and ocean incineration and, in many cases, to other
common combustion processes, such as the burn-
ing of fossil fuels. The report also argued that, be-
cause it destroys waste, incineration is preferable
to current methods of disposal, such as landfilling
and deep-well injection.

Incineration Study

EPA’s Office of Policy, Planning and Evalua-
tion (OPPE) (27) published an “Assessment of In-
cineration as a Treatment Method for Liquid Or-
ganic Hazardous Wastes” in March 1985. The
study compared and evaluated land-based and
ocean incineration with respect to technology, reg-
ulation, commercial market potential, relative envi-
ronmental and health risks, and public concerns.
The major conclusions are the following:

. incineration, whether at sea or on land, is a
valuable and environmentally sound treatment
option for destroying liquid hazardous wastes,
particularly when compared to land disposal
options now available;

● there is no clear preference for land-based or
ocean incineration in terms of risks to human
health and the environment; and

● future demand for hazardous waste incinera-
tion will significantly exceed capacity as other
disposal alternatives are increasingly restricted.

Ocean Incineration Research Strategy

EPA’s Office of Water published an Ocean In-
cineration Research Strategy (26) detailing the
means by which EPA intends to address the areas
of uncertainty identified in the SAB and OPPE
reports, in previous research burns, and in com-

ments received from the public. The strategy calls
for several research burns, both on land and at sea.
Initial dockside burns with diesel fuel would allow
development and testing of methodology; subse-
quent burns of hazardous waste would be designed
to gather data on incinerator performance, the
quantity and composition of emissions, and envi-
ronmental effects.

Proposed Research Burn

As described earlier in this chapter, EPA pro-
posed to issue a research permit for incineration
at sea as part of its research strategy (50 FR 51360,
Dec. 16, 1985). The burn was planned to be con-
tinuous for 19 days, during which EPA would con-
duct extensive sampling and monitoring of all
aspects of operation. The following specific tests
were planned:

●

●

●

●

●

●

determination of flow characteristics and com-
bustion efficiency at all points in the stack;
sampling and analysis of emissions to allow
measurement of: 1) semi-volatile trace organic
compounds, including PCBs, for calculation
of destruction efficiency; 2) volatile organic
compounds; 3) particulate; and 4) total chlo-
rinated organic compounds;
collection of samples for toxicity testing;
actual toxicity bioassays on five marine plant
and animal species, testing for acute toxic ef-
fects and chronic effects on growth and repro-
duction;
plume sampling and modeling; and
collection and analysis of samples of air, water,
and indigenous organisms for determining the
presence of, or effects from, incineration-
derived substances.

The Usefulness of Research Burns:
Opportunities and Limitations

Recent EPA developments are likely to consider-
ably delay issuance of the final Ocean Incineration
Regulation and any subsequent research burns.
Clearly, ocean research burns are necessary to re-
solve some of the technical questions about ocean
incineration. In addition, if a decision were made
to proceed with ocean incineration, information
from research burns could aid in modifying the reg-
ulatory program, if necessary.
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Nonetheless, there are limits to the usefulness of
the data that could be obtained from ocean research
burns. Foremost among these is the fact that the
data would not resolve the basic issue of whether
to proceed with the ocean incineration program.
Technical analysis is only one of many factors in-
fluencing such a decision.

Moreover, one or even a series of research burns
would still leave many technical questions un-
resolved. For example, the recently denied EPA re-
search burn would have used a waste composed of
relatively homogeneous PCBs in fuel oil (8). This
waste was chosen because toxicity characteristics
and detection methods for PCBs are well studied,
and because EPA wanted to have as little interfer-
ence from other chemicals as possible. Typical
ocean incineration wastestreams, however, would

be more likely to contain complex mixtures of many
chemicals, which limits the applicability of results
from this test burn to “real” situations. Conversely,
choosing a heterogeneous wastestream for the re-
search burn would have introduced a different but
comparable set of constraints.

Finally, to be most useful, ocean incineration
research must be coupled to research on other al-
ternatives. A proper comparative analysis would
require research on both land-based and ocean tech-
nologies. EPA does have an ongoing research pro-
gram on land-based incineration, and EPA’s ocean
incineration research strategy contains a land-based
incinerator component—primarily to allow testing
of the protocols for sampling, analysis, and toxic-
ity tests to be used during an ocean research burn.
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Chapter 12

The Regulation and Use of
Ocean Incineration by Other Nations

This chapter provides overviews of the past,
present, and future use of ocean incineration by
nations other than the United States. The first sec-
tion provides a brief history of international use and
regulation of ocean incineration. The second sec-
tion discusses the various international and regional
conventions and other deliberative bodies that have
addressed the use of ocean incineration and de-

scribes several important recent actions. The third
section presents a summary of data on the past and
present use of ocean incineration by other nations.
The fourth and final section briefly discusses the
policies and practices of 11 individual nations, based
on information from several sources, including a
survey of foreign embassies conducted by OTA.

HISTORICAL BACKGROUND

Commercial use of ocean incineration by other
nations dates back to 1969, when the first inciner-
ation vessel, a modified chemical tanker named
Mathias I, was launched under the flag of the Fed-
eral Republic of Germany. Development of ocean
incineration for the purpose of incinerating or-
ganochlorine wastes was initially motivated by five
factors (12):

1.

2.

3.

4.

5.

the many problems encountered on land in
operating and maintaining scrubbers in the
presence of the corrosive gases produced by
incinerating organochlorine wastes;
the ability of seawater to neutralize the gases,
thereby negating the need for scrubbers;
additional problems arising from treating and
disposing scrubbing effluents and sludges;
the advantage of a centralized, large-scale sys-
tem for collecting and incinerating organo-
halogen wastes, which could potentially be
better controlled and monitored, as well as
more economical, than other alternatives; and
unacceptable impacts from ocean dumping of
certain organochlorine wastes, such as tars
arising from the production of ethylene di-
chloride.

Consideration of these factors led to an increase in
the European market for ocean incineration and
the launching of two additional ships, the Mathias
II and the Vulcanus I, in the early 1970s. All three
ships operated exclusively in the North Sea.

Also at this time, international concern was in-
creasing over environmental impacts of ocean dis-
posal of wastes in general. These concerns led to
the development of the worldwide London Dump-
ing Convention (LDC) and the regional Oslo Con-
vention, both established in 1972. Although these
conventions did not initially address ocean inciner-
ation, proposals to begin incineration in the Med-
iterranean Sea prompted two developments. First,
the Barcelona Convention, established in 1976,
decided to prohibit incineration in the Mediterra-
nean Sea (12). Second, the LDC and the Oslo
Commission began developing special provisions
and codes of practice to govern the use of inciner-
ation at sea. Groups of experts convened by both
conventions developed sets of technical guidelines
for incorporation into the conventions. The guide-
lines covered the following topics:

●

●

●

●

●

●

control and approval of incinerator system de-
sign and specifications,
control over the nature of wastes to be inciner-
ated at sea,
criteria for the selection of incineration sites,
control over vessel design and operation,
requirements for monitoring and the use of
recording devices, and
reporting requirements and procedures for in-
cineration activities.

The next section examines the approaches and
recent activities of these and other international
bodies with regard to ocean incineration.

193
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INTERNATIONAL BODIES

London Dumping Convention

The LDC considers incineration at sea as legally
constituting ocean dumping and has developed ex-
tensive procedural and operational requirements,
which are contained in Annexes to the Convention
(8). Under the LDC, incineration at sea is viewed
as an interim method of waste management, as
reflected in LDC Regulation 2.2:

Contracting parties shall first consider the prac-
tical availability of alternative land-based meth-
ods of treatment, disposal or elimination, or of
treatment to render the wastes or other matter less
harmful, before issuing a permit for incineration
at sea in accordance with these Regulations. In-
cineration at sea shall in no way be interpreted
as discouraging progress towards environmentally
better solutions including the development of new
techniques.

At a meeting of the LDC’s Scientific Group on
Dumping (SGD) in 1985, a working group on
ocean incineration was convened to identify and
discuss several unresolved questions regarding the
performance of and monitoring capabilities for in-
cineration at sea (7). These issues include the fol-
lowing:

● the relationship between destruction and com-
bustion efficiencies over a broad range of oper-
ating conditions;

• the ability to sample incinerator stack gases
in a mannner that is representative of the en-
tire emission;

• the ability to accurately sample particulate
matter in stack emissions; and

● the nature and significance of newly synthe-
sized compounds (products of incomplete com-
bustion, or PICs) in stack emissions.

A group of experts jointly drawn from the LDC
and the Oslo Commission is to undertake further
discussion of these issues at an intersessional meet-
ing in 1986 or 1987. This discussion was to be based
in part on new information provided by the U.S.
PCB research burn (10); given its cancellation, the
timing of formal international consideration of these
questions is not clear.

The International Maritime Organization
(IMO) is designated under the LDC to serve as Sec-
retariat. The IMO, therefore, is responsible for
collecting data from Contracting Parties on ocean
incineration activities, including the number and
status of permits, as well as the quantities and types
of wastes authorized for incineration at sea. The
most recent of these data (for activities in 1982) are
discussed later in this chapter.

0slo Commission

Rule 2.3 of the Oslo Commission Rules, adopted
in 1981, stipulates that ‘‘the Commission will meet
before the 1st of January 1990 to establish a final
date for the termination of incineration at sea’ in
the North Sea, which comprises the Oslo Conven-
tion area (15). The 1990 date was formulated at
a time when few controls existed over the use of
ocean incineration. Since that time, international
(LDC and Oslo Commission) and national regu-
lations have been developed to cover most aspects
of this technology, leading some Oslo Commission
nations to see the need to terminate use of ocean
incineration in the near future as less pressing; other
members, however, remain committed to its ter-
mination by 1990 (see profiles of individual nations
later in this chapter).

At the Commission’s 11th meeting, held June
11-13, 1985, The Netherlands presented the results
of a survey of member nations, which was under-
taken to gauge the availability of alternative means
of disposing wastes currently incinerated at sea (1 7).
The survey provided an initial step toward assess-
ing the practicality of fulfilling the language of Rule
2.3. Responses to The Netherlands survey were re-
ceived from all but two members (France and
Spain). Its conclusions are as follows:

●

●

There is a potential shortfall in the capacity
of land-based incinerators and other land-
based treatment methods to dispose of the
wastes currently being incinerated at sea.
Spare capacity on land is considered far from
sufficient to match the wastes currently being
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incinerated at sea, and very little increase in
such capacity is expected in the near future.

● It is expected that by 1990 wastes will remain
for incineration at sea.

In 1987, at its 13th meeting, the Oslo Commis-
sion expects to draft a policy statement on the ter-
mination of incineration at sea, contingent on the
availability of adequate capacity in acceptable land-
based alternatives (16).

The Commission’s Standing Advisory Commit-
tee for Scientific Advice (SACSA) examined data
regarding the location of the current North Sea
incineration site, and concluded that ‘ ‘there is no
better compromise between meteorological and
logistical requirements (shorter approach to the in-
cineration site resulting in higher cargo safety).
This finding was endorsed by the commission at
its 11th meeting in 1985 (16).

Commission of the European
Communities

This commission exists under the auspices of the
European Economic Community (EEC). In July
1985, the commission submitted to its Council of
Ministers a proposal for a council directive on the
dumping of waste at sea (2). Ocean incineration
is explicitly included in the definition of ‘‘dump-
ing at sea. The intent of the directive would be
to reduce and terminate all dumping at sea by EEC
Member States as soon as possible. Under the direc-

‘‘temporary’ disposal option to be used ‘ ‘only if
there are no practical alternative methods of land-
based treatment, as determined on a case-by-case
basis.

EEC Member States would be required to sub-
mit to the commission by January 1, 1990, infor-
mation required for setting a final date for terminat-
ing incineration at sea. The council would be
required to act on the information within 6 months
of that date.

If adopted, the directive would prohibit the grant-
ing of any new special permits for incineration af-
ter January 1, 1988. Permits already in effect could
be renewed until January 1, 1990, for up to 5 years,
but Member States would be required to decrease
the quantities of waste incinerated at sea each year
by 10 percent.

European Parliament

The European Parliament also exists under the
auspices of the EEC. A Parliament report (4) is-
sued by the Committee on the Environment, Public
Health, and Consumer Protection in December
1983 identified ocean incineration as a contribu-
tor to pollution of the North Sea through the re-
lease of ash, hydrogen chloride gas, and small quan-
tities of unburned waste to the atmosphere. The
report suggested that ocean incineration be relo-
cated to a less sensitive location in the Atlantic
Ocean.

tive, ocean incineration ‘would be

U S E  O F  O C E A N

regarded as a

INCINERATION BY OTHER NATIONS

This section presents available data on European
incineration vessels, the number of voyages they
have made, and the quantities and types of Euro-
pean wastes that have been incinerated at sea.

ated exclusively in the North Sea. All but the Mat-
thias III, which was only used for a brief time, are
much smaller than typical tank ships.

Quantities of Waste Incinerated
Incineration Vessels

A total of six vessels have been built and em-
ployed to incinerate European wastes at sea. Ta-
ble 27 provides a summary of the most important
features of these six vessels, including dates of oper-
ation. All but one vessel (the Vulcan us I) have oper-

Quantities of wastes managed by ocean inciner-
ation steadily increased from 1969, when inciner-
ation began in the North Sea, until about 1979,
when quantities stabilized at the present level of
about 100,000 metric tons annually (fig. 13). The
great majority of all waste has been incinerated in
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Table 27.-incineration Vessels Employed in Europe, 1969 to Present

Matthias I Matthias II Matthias III Vulcanus I Vulcanus II Vesta

Dates of service . . . . . . . . . . . . 1968-76 1970-83 1975-77 1972-present 1982-present 1979-present
Site of operation . . . . . . . . . . . . Exclusively in the North Sea North Sea North Sea North Sea

United States
Pacific

Australia
Number of incinerators . . . . . . 1 1 1 2 3 1
Total cargo (ret). . . . . . . . . . . . . 550 1,200 15,000 3,500 3,200 1,400
Total gross tons . . . . . . . . . . . . 438 999 12,636 3,100 3,100 999
SOURCE: Office of Technology Assessment based on M.K. Nauke, “Development of International Controls for Inclneratlon  At Sea,” Wastes in the  Ocean, vol. 5, D.R.

Kester, et al. (eds.)  (New York: John Wiley & Sons, 19S5), pp. 33-52; and Ocean Combustion Service, 15 Years of Waste lnclneratkm At Sea: H/story, State
of the  Art, Control, Errvkorwrrenta/  Impact  (Rotterdam,  The Netherlands: February 19S5).

Figure 13.–Quantities of Waste Annually incinerated At Sea, 1969-84
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SOURCE: Ocean Combustion Service, “15 Years of Waste Incineration At Sea: History, State of the Art, Control, Environmental Impact” (Rotterdam,  The Netherlands:
Ocean Combustion Service, February 19S5);  M.K.  Nauke, “Development of Internatlonai Controls for Incineration At Sea,” in Wastes in the Ocean, vol. 5,
D.R. Kester, et al. (ads.) (New York: John Wiley& Sons, 19S5),  pp. 33-52; and International Maritime Organization, “Consideration of Report on Dumping, Draft
Report of Permits Issued in 19S2,” document LDC/SG.SJINF.3,  prepared for 8th Meeting of Scientific Group on Dumping (London: Dec. 20, 19S4).
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the North Sea, but smaller amounts were burned
by the Vulcanus I in the Gulf of Mexico (Shell
wastes and PCBs), in the Pacific Ocean (Agent
Orange), and in one burn near Australia. Figure
13 presents the estimated quantities burned between
1969 and 1984.

Many different European countries, as well as
Australia and Japan, have used ocean incineration.
Each member nation must report annually to the
LDC, providing data on the quantities of waste sent
for incineration at sea. Table 28 presents the most
recent available compilation of such data, cover-
ing the year 1982.

These data indicate that 14 LDC nations in addi-
tion to the United States incinerated wastes at sea
in 1982. Actual quantities sent for incineration var-
ied significantly, ranging from 200 metric tons
(Spain) to 53,000 metric tons (Germany). Most
wastes are sent for loading at Antwerp, Belgium,
although other ports have also been used (e. g., Rot-
terdam in The Netherlands and Le Havre in
France); in addition, permits have been granted for
exporting wastes from nations such as Finland.
Four vessels were used to incinerate wastes in the
North Sea in 1982. Of the 94,000 mt of waste ac-
tually incinerated in the North Sea in 1982, the fol-

Table 28.—Type of Waste Incinerated and
Country of Origin, 1982

Country Type of waste
Australia . . . . . . . . .Vinyl chloride and PCB

wastes
Austria . . . . . . . . . . . Organohalogen wastes
Belgium . . . . . . . . . . Organohalogen wastes
Finland . . . . . . . . . .Organohalogen wastes
France . . . . . . . . . . . Organohalogen wastes
Germany . . . . . . . . . Organohalogen wastes
Italy . . . . . . . . . . . . .Organohalogen wastes
Japan . . . . . . . . . . . . Oily sludges
The Netherlands . . Organohalogen wastes
Norway . . . . . . . . . . Organohalogen wastes
Spain . . . . . . . . . . , . Organohalogen wastes
Sweden . . . . . . . . . . Organohalogen wastes
Switzerland . . . . . . . Organohalogen wastes
United Kingdom . . .Organohalogen and

organophosphorous
wastes

Quantitya

4,820

490
10,643
2,750
6,582

52,751
3,431
1,488
9,396
8,000

210
6,420
3,711

6,194

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116,886a
aThe5e are quantities for which permits were granted; in some caSes,  the amount
of waste actually incinerated in 1982 was smaller,

SOURCE: International Maritime Organization, “Consideration of Report on
Dumping, Draft Report of Permits Issued in 1982,” Document
LDC/SG.8/lNF.3,  prepared for 8th Meeting of Scientific Group on
Dumping (London: Dec. 20, 1984).

lowing proportions were incinerated by each ves-
sel: Matthias II, 29 percent; Vulcanus I, 25 percent;
Vesta, 42 percent, and the newly commissioned
Vulcanus II, 4 percent.

Number of Voyages

EPA formulated estimates of the number of
voyages, as well as quantities of waste incinerated,
by the two Vulcanus ships and the Vesta from their
launch dates through 1983 (app. C in ref. 19).
These data indicate that the ships made 322 voyages
and incinerated more than 650,000 mt of waste.
Comparable data were not available for the three
Matthias vessels.

The total number of incineration voyages is likely
to be substantially higher, because almost twice as
much waste was incinerated at sea by all six ves-
sels over the period 1969-84 (see figure 13).

Characteristics of Waste Incinerated

The vast majority of waste incinerated in the
North Sea is organochlorine waste. Of the 100,000
mt incinerated in the North Sea in 1981, about 80
percent consisted of organochlorines (6). Many of
these wastes have appreciable chlorine content, esti-
mated to average between 60 and 70 percent (1 1).
The waste burned during testing of the Vulcanus
II in 1983 (see ch. 11) was derived from vinyl chlo-
ride production in Norway and had a chlorine con-
tent of 84 percent. Chemical Waste Management,
Inc., estimated that 65 percent of the waste inciner-
ated by the Vulcanus ships in the North Sea had
chlorine contents greater than 35 percent (l).

Few data are available characterizing European
wastes with respect to metal content; the available
analyses, however, indicate that metals are typi-
cally in the parts per million range (12). The Oslo
Commission (17) has estimated that approximately
90 percent of the emissions of heavy metals from
incineration at sea originate from wastes with chlo-
rine content less than 45 percent. Wastes with high
metal content (and low chlorine content) are in-
creasingly being diverted to land-based incinera-
tion (3).

With respect to emissions of heavy metals, the
Oslo Commission (17) estimates that the total con-



I@ ● Ocean Incineration: Its Role in Managing Hazardous Waste

tribution of ocean incineration to the Dutch part
of the North Sea (encompassing the incineration
site) represents less than 0.3 percent of the total in-
put of metals. The German Hydrographic Insti-
tute has compared such emissions to the average
input of metals entering the North Sea via the
Rhine River (cited in ref. 3). The contribution from
the Rhine River is estimated to be 1,000 to 10,000
times higher than that from ocean incineration
emissions, for each of six toxic metals.

No PCBs have been incinerated at sea in Eur-
ope; LDC regulations list PCBs as a waste about
which there is doubt regarding its thermal destruct-
ability. However, The Netherlands has announced
plans to conduct a research burn using PCBs in late
1986 or 1987. The loss of land-based incineration
capacity (located in England and France) previously
used for PCBs by The Netherlands necessitated
reconsideration of the at-sea incineration option
(10,18).

PROFILES OF INDIVIDUAL NATIONS

This section describes the policies and practices
of 11 individual nations regarding the use of ocean
incineration for managing hazardous wastes. All
11 are signatories to the LDC, and all but two
(Canada and Denmark) have used ocean in-
cineration.

Sources for the information presented in this sec-
tion, unless otherwise noted, include The First Dec-
ade, a report of the Oslo and Paris Conventions
published in 1984 (ref. 14), and letters from for-
eign embassies received in response to an OTA re-
quest for information on practices and policies re-
garding ocean incineration.

Major Conclusions

The data presented below, as well as that con-
tained in the survey of Oslo Commission members
described above, provide the basis for two major
conclusions regarding the use of ocean incineration
by other nations:

1.

2.

The major constraint blocking termination of
ocean incineration is the lack of sufficient land-
based capacity for treating organochlorine
wastes.
A broad range of opinion and position regard-
ing future use of ocean incineration exists
among European nations. For example, the
United Kingdom holds a quite favorable view,
whereas Denmark argues for termination as
soon as possible. Other nations, such as The
Netherlands and the Federal Republic of Ger-
many, are attempting to reduce their reliance
on ocean incineration but regard it as a nec-

essary option for the foreseeable future due
to lack of land-based capacity.

Belgium

Belgium estimates that it generates about 100,000
mt of hazardous waste each year, an unreported
fraction of which is incinerated on land. About
10,000 mt of hazardous waste generated in Belgium
was incinerated at sea in 1982.

Belgium regards incineration at sea to be “an
acceptable solution whenever difficult technical
and/or economic problems arise regarding inciner-
ation on land. For Belgium, ocean incineration
is ‘‘a fairly attractive method as the burners and
furnaces can be relatively simplified and it is not
necessary to provide for the neutralization of the
combustion gases due to the buffering capacity of
seawater. The method’s main drawback is that at
sea it is more difficult to efficiently control the ef-
fectiveness of the incineration process and the way
in which these operations are carried out.

Antwerp, Belgium, has served as the major port
for incineration vessels operating in the North Sea.
Currently, the loading and transit of incineration
vessels occur two or three times each month. Be-
cause this activity involves the burning of wastes
from numerous European countries, importation
and storage of hazardous wastes at Antwerp is rou-
tine. For example, in 1982, Antwerp received about
70,000 mt of hazardous waste destined for inciner-
ation in the North Sea. This waste originated in
seven European nations in addition to Belgium (9).
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Belgium’s land-based treatment capacity for
highly chlorinated wastes is limited to a few pri-
vate onsite destruction facilities. Thus, chlorinated
wastes for which no other alternative exists will con-
tinue to be sent for incineration at sea. Belgium
has experienced little change in the amount of
wastes incinerated at sea over the past decade and
anticipates little change for the next 5 years. A new
publicly owned incineration plant, scheduled for
completion in 1988, should cause some decrease
(17).

Canada

Canada views the use of ocean incineration as
‘‘one of many options which, if properly controlled,
could help in the management of hazardous
w a s t e s . Canada anticipates having only small
quantities of waste suitable for ocean incineration,
has not incinerated any wastes at sea, and has no
immediate plans to do so. However, a general ap-
plication from Chemical Waste Management, Inc.,
has prompted
ogy, based in
LDC data.

a further evaluation of the technol-
large part on a review of relevant

Denmark

Denmark is engaged in a substantial hazardous
waste management program administered by public
authorities, with land-based incineration represent-
ing the primary method of treatment or disposal.
Of the 40,000 mt of chemical waste received at the
central treatment facility (known as Kommune-
kemi) in 1980, 80 to 90 percent is treated by in-
cineration. Total incineration capacity of the facility
is about 90,000 mt annually.

No permits for ocean incineration have been is-
sued by the Danish Minister for the Environment.
Although Denmark regards thermal destruction to
be a “useful and acceptable disposal method, ”
especially for organohalogen wastes, it believes that
‘‘incineration at sea presents great problems in con-
nection with the control of destruction and com-
bustion efficiency. ” In addition, Denmark ex-
presses concern about the large areas of the North
Sea that are unavailable for other uses because of
ocean incineration, and concern about the poten-
tial for the technology to aggravate regional prob-
lems with acid rain.

The Danish Government, which has been the
most vocal and consistent opponent of ocean in-
cineration in the European community, continues
to press for an end to the practice, particularly in
the North Sea.

Finland

Finland estimates that it produced about 500,000
mt of hazardous waste in 1975. The majority of
Finland’s oily wastes and about half of its solvent
wastes are burned, mostly in land-based incinera-
tors. Finland currently lacks sufficient incineration
capacity for PCBS and certain other chlorinated
wastes, and hence exports these wastes to the
United Kingdom for destruction in a land-based
incinerator (1 7).

Finland has recently constructed (at Riihimki)
a centralized hazardous waste treatment facility,
which has a capacity of 70,000 mt annually. Land-
based incineration is the major technology at this
facility. It is unclear if and to what extent this will
affect the need for Finland to continue to export
PCBs and other wastes.

Incineration at sea has twice been used to de-
stroy wastes (a total of 5,250 mt) from one of Fin-
land’s petrochemical plants, which is closed at least
for the time being. No definitive policy statements
by Finland regarding ocean incineration are
available.

France

France estimates that it annually generates 18
million mt of hazardous industrial waste, 2 million
mt of which are especially toxic or hazardous. In
1982, approximately 200,000 mt of this waste was
incinerated at 10 ‘‘special collective plants’ located
throughout France. A comparable quantity was in-
cinerated in onsite facilities operated by various in-
dustrial firms. Of the 10 commercial facilities,
which have a total annual capacity of 205,000 mt,
4 are equipped to incinerate chlorinated wastes, and
3 can burn only liquid wastes. These facilities com-
pete with 5 cement kilns, which have recently in-
creased their share of the market for wastes with
high heat content.

France points to insufficient capacity and the high
cost of land-based incineration of organochlorine
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wastes as factors motivating its use of ocean inciner-
ation. Waste to be incinerated in the North Sea is
directed to the ports of Le Havre, France, and
Antwerp j Belgium, the latter receiving primarily
or exclusively wastes with high chlorine content.
Waste generators do not have direct access to in-
cineration vessels, which receive waste only from
treatment plants. Annual quantities incinerated at
sea since 1979 have ranged from 4,600 mt to 11,700
mt, averaging about 10,000 mt.

France anticipates that a gradual increase in land-
based incineration capacity and decreases in its cost
will reduce the quantities of waste incinerated at
sea.

Federal Republic of Germany

The Federal Republic of Germany (FRG) esti-
mates that its annual production of industrial spe-
cial or toxic waste amounted to about 4.5 million
mt in 1980. A total of 17 land-based incineration
plants handle an unreported portion of these spe-
cial wastes.

The FRG has expressed a variety of views on
the use of ocean incineration. According to its sub-
mission to the Oslo Commission (14), the FRG
regards ocean incineration ‘‘to be ecologically the
soundest of the available methods for the disposal
of halogenated hydrocarbons’ but not ‘‘an ideal
disposal method, ” preferring to develop appropri-
ate reuse and recycling efforts. These methods in-
clude land-based thermal destruction technologies
that provide for recovery or reuse of chlorine
residues released during the process, as well as more
conventional heat recovery.

Permits for incineration at sea are evaluated with
respect to need on a case-by-case basis, with the
unavailability of alternative capacity on land be-
ing the major criterion. Wastes to be incinerated
at sea are prohibited from containing chlorinated
dibenzofurans, PCBs or PCTs, dioxins, or DDT.
Quantities of waste incinerated at sea have ranged
as high as 100,000 mt annually but have gradually
decreased since 1980. For example, a reported
41,000 mt of German waste was incinerated at sea
in 1983. Nevertheless, the FRG remains the great-
est user by far of ocean incineration.

In its response to the OTA survey, the FRG
stated its intent to make ‘‘every effort to terminate
incineration at sea as soon as possible. The FRG
anticipates significant decreases in future quanti-
ties of waste incinerated at sea, especially for highly
chlorinated wastes (those with chlorine content
greater than 45 percent), because of completion of
a new land-based incinerator in 1987 and greater
application of perchlorination and other reuse tech-
nologies (1 7). However, the lack of sufficient land-
based capacity precludes the FRG from
a date for ending ocean incineration.

specifying

The Netherlands

The Netherlands annually generates about 1 mil-
lion mt of chemical waste, half of which is currently
treated or disposed of offsite. Of the waste treated
offsite, about 86,000 mt is incinerated on land or
at sea. The AKZO treatment facility can inciner-
ate wastes with a high chlorine content (as high as
45 percent; see ref. 17) and regularly receives such
wastes from Sweden.

The Netherlands regards “incineration at sea,
albeit an environmentally acceptable procedure, as
a temporary expedient; land alternatives are to be
p r e f e r r e d . Efforts are underway to develop fur-
ther land-based incineration capacity and make
greater use of recycling methods.

A new land-based incinerator is scheduled to be-
gin operation in 1987. If future policy analysis de-
termines that this land-based incinerator constitutes
a practical land-based alternative preferable t.
ocean incineration, The Netherlands expects a
sharp decline in the quantities of waste incinerated
at sea (1 7).

The Netherlands has played a central role in
much of the testing of the Vulcanus ships that has
occurred to date; as a result of these studies, it be-
lieves that all international requirements are gen-
erally being satisfied. As described previously, The
Netherlands plans to conduct an ocean incinera-
tion research burn of PCB-containing wastes in late
1986 or early 1987, motivated by the loss of land-
based incineration capacity in the United Kingdom
and France (10, 18).
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Norway

Norway estimates that it annually generates
about 120,000 mt of hazardous waste, 75 percent
of which is used oil or oily wastes. Norway uses a
large-capacity cement kiln for destroying signifi-
cant quantities of incinerable liquids and sludges.

Tar wastes from vinyl chloride production,
amounting to some 8,000 mt annually, are cur-
rently incinerated at sea. To provide an alterna-
tive, Norway is considering the construction of a
land-based incinerator equipped to reclaim hydro-
gen chloride.

Norway’s official position is that ocean inciner-
ation should be terminated as soon as possible. Al-
though its use of incineration at sea has gradually
increased, Norway anticipates gradually reducing
its use over the next 5 years, as sufficient land-based
incineration capacity and recycling technologies are
developed.

Sweden

Sweden estimates that a total of 482,000 mt of
hazardous waste was generated in 1978. About half
of this quantity was treated or disposed of at the
site of generation. Most of Sweden’s waste that is
sent offsite is treated by the State-owned waste treat-
ment network (SAKAB) or by 1 of about 20 other
government-licensed waste treatment companies.
SAKAB has recently completed a new hazardous
waste treatment facility, which uses a large-capacity
rotary kiln incinerator, but which cannot” handle
highly chlorinated wastes.

Sweden has taken a generally restrictive position
in international discussions on ocean incineration,
stating that it ‘ ‘will accept incineration at sea as
a last resort during a transition period, if no land-
based treatment alternatives exist. A Swedish law
dating from 1971 prohibits dumping or ocean in-
cineration from Swedish ports or Swedish vessels.
However, Sweden has used incineration at sea on
foreign vessels to a limited extent in recent years:
6,420 mt of organohalogen wastes of Swedish ori-
gin were incinerated at sea in 1982. No applica-

tions have been approved for such activity since
1983.

Sweden regards land-based incineration as the
most practical and preferable alternative to ocean
incineration. However, the lack of sufficient capac-
ity, especially to process chlorinated wastes, is cited
as a major obstacle to ending Sweden’s 1imited reli-
ance on ocean incineration.

Switzerland

Because of insufficient land-based incineration
capacity within Switzerland, about 10,000 mt of
organic wastes are exported for incineration. Those
wastes with a high (greater than 15 percent) chlo-
rine content are, without exception, sent for inciner-
ation at sea. This quantity averages about 5,000
mt annually and has been increasing over the last
several years. Switzerland expects that the quanti-
ties of waste it incinerates at sea will continue to
increase at least in the short term, because of stricter
controls over land disposal and the length of time
required to develop land-based capacity. For the
long term, Switzerland regards land-based inciner-
ation to be environmentally preferable to ocean in-
cineration because of the greater control the author-
ities are able to exert on land.

United Kingdom

A total of 3.78 million mt of ‘hazardous and dif-
ficult wastes’ are disposed or treated offsite in the
United Kingdom each year. An estimated 2 per-
cent (80,000 mt) is incinerated at 11 land-based fa-
cilities. The recent closure of one very large land-
based incinerator has increased demand for inciner-
ation at sea (1 7).

In 1982, the United Kingdom used incineration
at sea for only 852 mt of waste, ‘‘which would have
presented special problems if incinerated in land-
based units. Ocean incineration has been increas-
ingly used since 1981: 2,700 mt in 1983 and 3,500
mt in 1984 were incinerated at sea. The United
Kingdom regards ocean incineration of certain
wastes to be the best practicable environmental op-
tion (5).
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BAT —Best available technology
B H C —Benzene hexachloride
Btu —British thermal unit
CAA —Clean Air Act
C B O —Congressional Budget Office
C E —Combustion efficiency
CERCLA—Comprehensive Environmental

C F R
co
CO2
C O T P
C Z M
D D T
D E
D O T
D R E
E D C
EEC
EIS
EPA

F R
F R G
HCl

Response, Compensation and
Liability Act

—Code of Federal Regulations
—Carbon monoxide
—Carbon dioxide
—Captain of the Port
—Coastal Zone Management
—Dichlorodiphenyl trichloroethane
—Destruction efficiency
—Department of Transportation
—Destruction and removal efficiency
—Ethylene dichloride
—European Economic Community
—Environmental Impact Statement
—U.S. Environmental Protection

Agency
—Federal Register
—Federal Republic of Germany
—Hydrogen chloride

HWDMS —Hazardous Waste Data
Management System

I M
I M O

L D C
MPRSA

mmt
mt
NMFS
N O A A

PCB
P C T
PIC
P O H C

R C R A

SAB
SACSA

S G D
T C D D
T C D F
T D E
TSCA
USCG

—Intermodal
—International Maritime

Organization
—London Dumping Convention
—Marine Protection, Research and

Sanctuaries Act
—Million metric tons
—Metric ton
—National Marine Fisheries Service
—National Oceanic and Atmospheric

Administration
—Polychlorinated biphenyl
—Polychlorinated terphenyl
—Product of incomplete combustion
—Principal organic hazardous

constituent
—Resource Conservation and

Recovery Act
—Science Advisory Board
—Scientific Advisory Committee for

Scientific Advice
—Scientific Group on Dumping
—Tetrachlorodibenzo-p-dioxin
—Tetrachlorodibenzofuran
—Total destruction efficiency
—Toxic Substances Control Act
—United States Coast Guard
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accidents: see spills
accountability: 27,43,46
acid gases (also see hydrogen chloride): 12,14,57,

114,119,127,150
performance standard: 12,33,124,127,150

advanced oil recovery: 87
afterburners: see secondary chambers
Agent Orange: 120,180,181,183,184, 197
air nozzle: see atomization
air pollution control equipment or wastes: see

scrubbers
alkalinity: see acid gases
annual throughputs of incinerators: 101,102,107
Apollo vessels: 6,101,107,108,109,139, 141,182
aqueous waste: 55,57,59,143
ash: 58,99,121
atomization of waste: 93,115

rotary cup: 108,115
spray nozzle: 108, 115

At-Sea Incineration, Inc.: 8,25,108,109,182
Australia: 62,196,197
Austria: 197
automatic shutoff system: 126,127,128,142

background concentrations: 149,150
ballast and bilge waters: 128,184,185
Barcelona Convention: 193
barges: 108,113,138

versus self-propelled vessels: 113
Belgium: 143,197,198
benzene hexachloride (BHC): 61,126
best available technology: 26,39,40,110,115
bioaccumulation: 60,61,140,160,163,164
biological treatment/detoxification: 61,85
birds: 162,163
boilers and furnaces (also see cement kilns): 5,10,

49,60,76,84,93
bottom-dwelling organisms: 162,163
Brownsville, Texas: 3,182
buffering capacity of seawater: 5,12,15,57,114,123,

127,193
burner type: see atomization

cadmium: 36,120,122,147,149,150
Canada: 199
capacity: see hazardous waste, commercial incinera-

tion, ocean incineration, or land-based in-
cineration

Captain of the Port (COTP): 38,41
carbon monoxide: 119,120,123,125,126
cargo transport and storage modes, see transpor-

tation
catalytic dehalogenation: 89

cement kilns: 49,57,84,85,201
CERCLA: 46,47,48,173
chemical treatment/detoxification processes: 61,63,

85,88
Chemical Waste Management, Inc.: 61,108,109,

143,144,147,151,181, 182,197,199
chlorinated and highly chlorinated wastes: 5,179,

180,193,197
advantages of ocean incineration: 4,10,14,23,

57,167
limitations of land-based incineration: 15,57,122

chlorination processes: 10,87
chlorine content: 15,57,84,109,122,123,124,151,179,

197,200
chlorine gas: 15,57,150
chlorine recovery: 87
Clean Air Act (CAA): 125,128,174
Clean Water Act (CWA): 47,127,152,173
Coast Guard: 37,38,39,41,108,110,1 13,114,129,

138,173
Coastal Zone Management Act: 129,173,182
combustion efficiency (CE): 33,123,124,125
commercial incineration: 11,16,55,93,101,103, 166

capacity and demand: 10,19,69,73,74,102,187
market: 48,73,75,167,187
of PCBs: 61,174

Commission of the European Communities: 195
comparison of land-based and ocean incineration

regulation: 11,40,122-129
releases of waste (also see spills): 11,133

accidental: 14,133,134,136
routine: 14,133,134

risks: 13,159-165
to human health: 14,159-161
to marine environment: 14,161-165

scrubbers: 11
technologies: 119-129

comparison of marine transport of hazardous waste
and nonwaste materials: 15,134,138,
140-142,163

PCBs: 61,140
quantities and types of material carried: 140,141

comparison to other sources of marine pollution:
15,146,147,149,198

compliance record of permit applicants: 24,49
Comprehensive Environmental Response, Compen-

sation, and Liability Act: see CERCLA
Congress, role of: 4,38,40
Congressional Budget Office (CBO): 10,63,67,72,

73,74,81
containerization/containership vs. bulk storage and

transfer: 110,134,136
credibility of EPA or ocean incineration companies:

24,49
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data gaps: 44,45,63,67,100,133,152,154,161, 186
DDT: 23,61,126,182,200
dechlorination: 85,89
deep-well injection: see underground injection
demand: see hazardous waste
Denmark: 17,198,199
Department of Transportation (DOT): 37,112,173
destruction efficiency (DE): 12,14,26,33,34,39,62,

115,120,123,124,142, 145,183,184,187
destruction and removal efficiency (DRE): 12,26,

123,124
dibenzofurans: 35,119,120,124,125,200
dioxin (TCDD): 35,55,56,61,85,119,120,121,124,

125,126,146,180,181,183,200
dumping: see ocean dumping or landfill

emissions (also see individual type of emission):
25,33,144,153,197

incinerator plume/plume gases: 114,119,151,161,
182,184,187

toxicity of and testing of 35,164,187
endangered species: 5,162,175,185
Endangered Species Act: 129,162,173
energy content: 5,23,55,59,109
energy recovery: 10,99,101
Environmental Oceanic Services Corp. (EOS):

108,109,128
environmental performance standards: see acid

gases or particulate emissions
EPA (Environmental Protection Agency):

Ocean Incineration Regulation (proposed): 7,18,
45,46,62,108,120,121,125,126, 129,147,149,
175,184

Ocean Incineration Research Strategy: 8,20,162,
164,182,187

promotional role in ocean incineration: 7,8,25
ethylene dichloride (EDC): 143,144,152,153
European Parliament: 195

Federal Republic of Germany: 17,18,62,193,197,
198,200

financial responsibility: 46
Finland: 197,198
fish: 161,164,165
flue gases: see emissions
fluid wall reactor: 88
fluidized bed incineration: see land-based in-

cineration
food chain: see bioaccumulation
France: 197,198
fuel, use of hazardous waste as: see hazardous waste
fugitive emissions: 126,128,143,144
future market: see hazardous wastes or ocean in-

cineration

geographic distribution of waste generation: see
ocean-incinerable waste

geographic restrictions on transportation of wastes:
24

Germany: see Federal Republic of Germany
Gulf of Mexico Incineration Site: see ocean in-

cineration

halogenated solvents: 59,65,81
Hazardous and Solid Waste Amendments of 1984:

see RCRA
Hazardous Materials Transportation Act: 173
hazardous waste (also see RCRA)

capacity and demand for treatment facilities:
73,194,198

generation/inventory: 59,65
all hazardous waste: 63,70
incinerable waste: 63,65
ocean-incinerable waste: 65
projection of future quantities: 66

management hierarchy: 3,83
management strategy: 7,42,44
transportation (also see comparison of marine

transport): 111,112,139,152,153
geographic restrictions: 24
risks: 26,37

use as fuel: 76,84,85
Hazardous Waste Data Management System

(HWDMS): 100,103
Hearing Officer’s Report: 7,41
hearth incineration: see land-based incineration
hierarchy: see hazardous waste
high temperature electric reactor: 88
hydrochloric acid: see hydrogen chloride
hydrogen chloride (also see acid gases): 5,12,14,33,

57,114,119,120,123,124, 150,151
emission standard: see acid gases
recovery: 87

incentives for preferred practices: 4, 17, 19,43,46
incinerable waste: 9,55,70

projection of future quantities: 68
incineration: see commercial, land-based, or ocean

incineration
incineration sites: see ocean incineration
incinerator upsets: see upsets
industrial boilers and furnaces: see boilers and

furnaces
industries generating incinerable waste: 66,67
information gaps: see data gaps
infrastructure: see ports
interim status of ocean incineration: see ocean in-

cineration
intermodal containers: 109-113,134
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International Maritime Organization: 194
international use of ocean incineration: 193-201

implications and trends: 6,17,198
number of voyages: 197
ports used: 197,198
practices and regulations: 17,194-198
quantities incinerated: 195-197
vessels used: 196-197

inventory: see hazardous waste
Italy: 197

Japan: 197

land-based incineration
capacity: 15,17,101,103
extent of use and number of facilities: 9,15,65,73,

100,102
location of facilities: 101,102
types:

fluidized bed: 97,100,174
hearth: 96,100
liquid injection: 37,93,94,95,100,102
rotary kiln: 14,37,55,93,95,96,100, 102

land disposal: 9,10,74,81,83,187
landfill: 9,60,81,83,127,167,187
land transportation: see hazardous waste
liability: 7,42,43,46,48,167
liquid extraction: 86
liquid incinerable waste: see ocean- incinerable waste
liquid injection: see land-based or ocean in-

cineration
location of incinerators: see land-based incineration
London Dumping Convention (LDC): 36,45,62,

113,123,126,127,175, 183,193,194,197,198

marine mammals: 162,185
Marine Protection, Research, and Sanctuaries Act

(MPRSA): 38,40,41 ,45,46,122,123,173,175,
183,185

marine transportation: see hazardous waste
marine water quality criteria: 13,34,35, 122, 125
Maritime Administration: 8,182
market: see ocean incineration or commercial in-

cineration
Matthias vessels: 193,195-197
mercury: 36,120,122,127,147
metals: 120,125,147

bioavailability: 121
chemical form: 13,36,58,121
content in incinerable wastes: 36,58,154,197
emissions: 13,26,34,35,36,121,153, 154,198
limitations: 13,23,33,35,121 ,122,124,147
scrubbers: 12,120
volubility: 121
volatilization: 58,120,149

microlayer: 12,16,114,145,150,151 ,161,163,164,165
Minnesota hazardous waste study: 69,72,74
mobile incinerators: 55,56,61,121,174
molten glass: 88
molten salt: 88
monitoring and sampling: 112,128,161,168,175, 176,

179,181,182,184,193

National Marine Fisheries Service: 162,185
National Oceanic and Atmospheric Administration:

182,183
need for ocean incineration: see ocean incineration
Netherlands: 17,18,62,194,197,198,200
neutralization

of acid gases: 57,114,123
of dumped acid waste: 12,151
of scrubber effluent: 99,152

New Jersey hazardous waste studies: 71,72,74
New York Bight: 146,148
nonhalogenated solvents: 57,58,59,65,81
normal stack emissions, see emissions
North Atlantic Incineration Site: see ocean in-

cineration
North Sea: 12,16,17,107,143,151 ,179,180,182,

193-199
Norway: 197,201

ocean dumping: 4,6,12,40,148,149,151, 179,193-195
Ocean Dumping Regulations: 43,44,45,175
ocean-incinerable waste: 9,43,55,58,66,70

characteristics of: 5,55-59,109
geographic distribution of waste generation: 66,

68,69
versus solids and sludges: 12,14,48,55,64,65,68,

69,70,75
ocean incineration

capacity and demand: 15,75,107
companies: see individual names
comparison of technologies: 110
cost to generators: 13,43, 167
design features or standards: 108,115,193

type I and type II: 108,113
interim status: 4,18,19,21,22,194
liquid injection technology: 55,93,107
market: 21,48,167,193
need for: 4,10,22,41,45,75,76, 129
past burns: 16,61,120,161,179-185
permit length and renewal provisions: 24,40,50
permit types: 179,182
quantities incinerated: 179-182,195-197
scale of program: 21-25
site designation: 8,12,38,49,66,175,193

Gulf of Mexico: 49,162,179,185,186
North Atlantic: 49,134,162,182,185,186
other possible sites: 185, 195
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statutory authority to regulate: 6,38,40
vessels: see individual names

Ocean Incineration Research Strategy: see EPA
Ocean Incineration Regulation: see EPA
oils: see waste oils
onsite vs. offsite

incineration: 16,101,166,168
other management technologies: 66,71,72,23,168

organic liquids: 59,65,81
Oslo Convention/Commission: 17,193,194,195,

197,198
oxidative ultraviolet light: 89

parent compounds: see POHCs
particulate emissions/material: 12,33,58,120,125,127

environmental performance standard: 13,122,123,
124,147

past burns: see ocean incineration
PCBs: 5,10,15,18,20,23,34,41,58,60,62,63,65,85,

101,120,122,124-126, 140,142-146,152,153,
160,163,164,174,180, 182-184,188,197-200

PCTs: 61,122,126,200
permits: see ocean incineration
persistence: 60,61,140,163
PICs: 12,14,26,35,1 19,125,127,146,153,187
plankton: 161,163-165,181
plasma arc: 88
plume: see emissions
POHCs (principal organic hazardous constituents):

34,119,127,145
pollution control devices, effluents: see scrubbers
polychlorinated biphenyls: see PCBs
polychlorinated terphenyls: see PCTs
Port and Tanker Safety Act: 173
Port and Waterways Safety Act: 173
port facilities and infrastructure: 66,108,109,167
port selection: 38
principal organic hazardous constituents: see

POHCs
products of incomplete combustion: see PICs
public concerns and involvement: 7,27,41,42,168
pyrolysis: 88,93,96,98

RCRA: see Resource Conservation and Recovery
Act

recovery and recycling: see waste recovery and
recycling

reduction: see waste reduction
residence time: 36,102,103,115,120,126
Resource Conservation and Recovery Act (RCRA):

40,46,56,63,120,121, 122,173,174
amendments: 3,10, 19,44,46,48,60,67,73,74,76,

82,83,84,85,121
classification of hazardous waste: 56,76

waste codes: 57,65
risks: see comparison of land-based and ocean in-

cineration
rotary cup: see atomization
rotary kiln: see land-based incineration

Science Advisory Board: 12,14,34,37,120,133,142,
146,161,164,184,186

scrubbers: 98,99,101,149,193
capacity limitations: 15,57,122
removal of combustion products: 12,26,57,120,

123,124,127
waste (effluent or sludge): 11,15,58,63,99,114,

121,127,151,152,153, 193
SeaBurn, Inc.: 108,109,111,112,113, 128
seawater buffering capacity: see buffering capacity
seawater scrubbers: 13,108,114,128,145
secondary chambers: 36,93
Shell Chemical Co.: 179,197
shiprider: 37,41,129,168
site designation: see ocean incineration
sludge wastes: see liquid incinerable wastes or

scrubbers
small quantity generators: 72,76
solid wastes: see liquid incinerable wastes
solvent recovery: 85,87
Southern California Bight: 146,148
Spain: 197
spills: 14,15,111,113,133,134, 152,160,162,184

cleanup: 14,15,163
rates: 136,137
sizes: 138

standards: see acid gases, CE, DE, DRE, or partic-
ulate emissions

mass emission concentration or rate standard: 34
starved air incineration: 93
statutory authority: see ocean incineration
steam nozzle: see atomization
supercritical fluid extraction: 87
supercritical water reactor: 88
Superfund: see CERCLA
surface impoundment: 9,81,83,127
surface microlayer: see microlayer
Sweden: 17,197,201
Switzerland: 197,201

Tacoma Boatbuilding, Inc.: 8,25,108,182
tamper-proof or tamper-resistant devices: 128,129,

168
tank containers: see intermodal
TCDD: see dioxin
temperature requirements: 126,128
tetrachlorodibenzo-p-dioxin (TCDD): see dioxin
tetrachlorodibenzofurans (TCDF): see dibenzofurans



Index . 223

thermal destruction technologies (also see boilers
and furnaces): 84,88,

thin film evaporation: 87
total destruction efficiency (TDE): 34,120
Toxic Substances Control Act (TSCA): 40,41,60,

62,63,101,124,126,173, 174,184
toxicity of emissions: see emissions
transfer, handling, and storage: 139,144,152,153
transportation of hazardous waste: see hazardous

waste
trial burn requirements: 123,126,128
type I or type 11 vessel: see ocean incineration

unburned waste (also see POHCs): 12,119,127,
145,153

underground injection: 9,57,81,83,127,187
United Kingdom: 18,197,198,201
upsets (malfunctions) or upset conditions: 35,125,

127,133,136,142
U.S. Coast Guard: see Coast Guard

vessel construction and design standards: see ocean
incineration

vessels: see individual names

Vesta: 107,108,196,197
volatilization: see metals
Vulcanus vessels: 9,101,108,109,134,136, 137,141,

143,151,164,179,180-182, 184,193,195-197,
200

waste analysis requirements: 112, 122, 128
waste end tax: 44
waste limitations: see metals
Waste Management, Inc.: see Chemical Waste

Management, Inc.
waste oils: 58,59,81,84

quantity: 65,66
recovery and recycling: 58,86
regulation as hazardous waste: 58,63,76,85,86

waste recovery and recycling: 9,10,16,63,65,67,68,
70,71,76,85,87

waste reduction: 3,10,16,43,44,63,67,69,7 1,76,86
water content: 55,109,140
water quality criteria: see marine water quality

criteria
Westat survey: 63,72,73,100
wet-air oxidation: 98


