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What is dioxin?

Dioxin is the name given to a group of
persistent, very toxic chemicals. The
group includes chlorinated dibenzo-
furans, and dibenzo-dioxins, the most
toxic of which is 2,3,7,8 -tetra-
chlorodibenzo-p-dioxin (TCDD). The
group also includes related compounds
which are structurally similar and are
dioxin-like in their activity. The toxic-
ity of these compounds is measured
against TCDD using “toxic equiva-
lents,” which assign a fractional poten-
cy to each dioxin., Dioxins, defined
here as dioxins and furans, have equiv-
alence factors assigned to them. The
US Environmental Protection Agency
(EPA) has not assigned equivalence
factors for brominated dioxins, bromi-
nated furans, brominated biphenyls
and polychlorinated biphenyls (PCBs),
although it is believed each group
includes some dioxin-like compounds.

Dioxins and related compounds are
highly persistent in the environment
and in living organisms. They are
bicaccumulative and fat-soluble. Their
concentrations increase as they
biomagnify up the food chain.

What are the _
hazards of dioxin?

Dioxing:are extremely toxic an

cancer in mulipk lo‘rqgan systems,
re levels as low as

of brcast cancer later in life.! Human
epidemiological studies conclude that
dioxin causes cancer in humans as
well? A draft report by the EPA esti-
mates that as many as cne in 1,000 of
the most highly exposed people in the
general population are at tisk of devel-
oping cancer because of dioxin.

Dioxin also has widespread effects on -
reproduction and development, as
shown in animal and human studies.
Tiny doses in the range of nanograms
(one thousandth of one millionth of a
gram) to micrograms (one millionth of
a gram) per-kilogram of body weight of
dioxin can cause harm. Exposure to
these levels on a single day during
pregnancy cause permanent disruption
of male sexual development in rodents,
including delayed testicular descent,
lower sperm counts, and feminized sex-
uat behavior? In primates, small
dietary exposures to dioxin are associ-
ated with an increased risk and severity
of endometriosis.* A study in humans
also shows higher levels of dioxin in
women with endometriosis than in a
control population.’

Dioxin is particularly toxic to the
developing immune system. Animal
tests show that nanograms per kilo-
gram doses given 1-4 times during
pregnancy cause permanent alterations
in the immune system of offspring.*
Human studies also show an increased
susceptibility to infection and changes
in immune system parameters as a
result of in utero exposure to ambient
environmental levels of dioxin and
dioxin-like compounds.”® Low levels of
exposure during pregnancy also alter
thyroid hormone levels in mothers and
offspring, perhaps explalmng neurologi:
dm learmng disabili

uding beef, dainf'
products, ftsh pork, and breast milk.
Dermal, oral and inhalation routes of
exposures can also be important for
people living near dioxin sources.
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What is the level

. of exposure in the

general population?

The general population, through ordi-
nary dietary exposures, carries a cur-
rent body burden of dioxin that is near

-or above the levels that cause adverse

effects in animal tests. Through food
alone, Americans are getting 22 times
the maximum daily dioxin exposure
considered by the US EPA to be with-

out adverse effects.

Breast milk contamination is such that
the nursing infant, during vulnerable
periods of development, is exposed to
dietary levels of dioxin 35 to 65 times
the amount considered safe.
Nonetheless, breast feeding remains far
supertior to formula feeding for a vari-
ety of reasons, and reducing breast
feeding is not an appropriate public

‘health response.

What are the
sources of dioxins?

Dioxins are unintentionally formed
during a variety of industrial processes
that include chlorinated substances.
Dioxin-like compounds can be.gener-
ated and released to the environment
from various combustion processes
when chlorine donor compounds are
present. Chlorine donor compounds
can include polyvinyl chloride (PVC)
plastic and other chlorinated com-
pounds. Dioxin compounds can also be
formed during the manufacture of
chlorinated materials like PVC, chlori-
nated solvents and pesticides. Dioxins
can also be formed during the bleach-
ing of paper with chlorine, and in
other industrial and combustion
processes that include the presence of
chlorine.

The primary source of dioxins from the
health care sector has historically been
waste incineration. Chlorine-contain-
ing products burned in incinerators,
including medical devices and prod-
ucts, provide the chlorine necessary for
dioxin formation.

New federal rules have resulted in the
closing of most medical waste incinera-
tors. In addition, large incinerators
that will continue to operate must
meet stricter emission limits. Those
rules will eventually reduce the health
care sector's contribution to dioxin
levels in the environment. Although
the contribution of dioxin from incin-
erators is declining, dioxin sources
related to health care remain. The
preduction of materials to create chlo-
rinated health care products, like PYVC
IV bags and gloves, can result in diox-
in formation. In addition, chlorinated
health care waste that is burned in
backyard burn barrels; or carches fire
once taken to the landfill, has the
patential to create and disperse dioxin.
Once dioxin is emitted into the air
from incinerators and other sources,
rain, snow and dust can carry it to the
surface of the earth, where it can enter
the food chain.

What is the evidence
that the manufacture of
PVC feedstocks is linked
to dioxin formation?

The draft dioxin reassessment recently
released by the EPA reviews the con-
tribution of PVC manufacturing to
dioxin emissions.”® According to cal-
culations of the Vinyl Institute (an
industry trade association), reviewed
and given a medium confidence rating
by the EPA," the production of PVC
and its feedstocks result in air releases
of 11.2-31.0 grams toxic equivalency
(TEQ)}" dioxins and furans per year.
These levels may understate the con-
tribution of dioxin from the manufac-
ture of PVC throughout its life cycle,
both because there may be dioxin
releases to land and water during the
production phase, and because dioxin

"may be formed during disposal of the

end product.

Under what conditions
can the combustion

of PVC result in dioxin
formation? |

The draft EPA dioxin reassessment

also reviews the contribution of waste
incineration to dioxin emissions. The

- report summarizes a large body of liter-

ature that finds carbon and catalysts
must be present in an incinerator in
order for dioxins to form.” PVCis
usually the largest chlorine source in
municipal and medical waste incinera-
tors. The relationship between chlo-
rine inputs into an incinerator and
dioxin formation, however, depends
upon combustion conditions.

For uncontrolled combustion, such as
open burning of household waste,
land(fill fires, or building fires, a direct
association between chlorine content
of the combusted material and dioxin
formation has been established. For
example, a study of the open burning
of household waste showed that waste
containing larger amounts of PVC
(4.5% vs. 0.2%) produced substantially
larger amounts of dioxins in air emis-
sions (269 vs. 44.3 microgram/kg waste
burned) and ash (7,356 vs. 489 micro-
gram/kg waste burned)."

In modern, commercial waste incinera-
tors, the rate at which dioxins are
formed and released depends upon
chlorine inputs, incinerator design,
operating conditions, the presence of
catalysts, and pollution control equip-
ment. While the EPA concludes,
based on studies of modern waste
incinerators, that the largest determi-
nants of dioxin formation are operat-
ing conditions {including overall
combustion efficiency, post-combus-
tion flue gas temperatures, and resi-
dence times — and the presence of
iron or copper catalysts) rather than
chlorine content alone, there is little
doubt that chlorine content of the
waste feed is critical.




Several laboratory and incinerator
pilot studies have found a direct rela-
tionship between chlorine loading and
dioxin emissions.” In addition, the
EPA's conclusion appears to rest large-
ly on an analysis of incinerator emis-
sions data by Rigo, et al. {1999),
which has serious methodelogical
flaws."® It is also important to note
that the EPA conclusion refers only to
stack pas emissions, which are a rela-
tively small fraction of total dioxins
released from incinerators, and does
not consider releases in fly ash, bottom
ash, and water discharges.

For any given waste incinerator,
according to the EPA, conditions may
exist in which changes in chlorine
content of waste feed will correlate
highly with dioxin and furan emis-
sions. These conditions may prevail
during start-up or shut-down, changes
in waste feed rate, or operational
upsets. Although modern commercial
waste incinerators are designed and
intended to be operated to minimize
release of dioxins and other hazardous
air pollutants, they are, nevertheless,
an important source of dioxin releases.

What is Health Care
Without Harm's position
on dioxin, PVC,
and medical waste
incineration?-
Awvailable data reveal a complex rela-
- tionship among chlorine feed, design
and operating conditions, and dioxin
emissions. It is certain that chlorine
sources are necessary for dioxin emis-
sions, and PVC products are 2 large
chlorine source. It is also certain that
combustion, even in well controlled
incinerators, will release dioxins in
stack gases, fly ash, bottom ash, and
water discharges. Moreover, even
modern, well-designed incinerators do
not consistently operate at optimal
combustion conditions. Further, not
all burning of chlorinated products
occurs in conttolled conditions, and
uncontrolled burning can result in
large dioxin releases.

For these reasons, along with concern
about other hazardous pollutants emit-
ted from waste incinerators— includ-
ing mercury, particulates, sulfur and
nitrous oxides, and hydrochleric acid
—~ Health Care Without Harm has
taken the pollution prevention posi-
tion that PVC use should be mini-
mized and ultimately eliminated,
alternatives should be used when
available without compromising
patient safety or care, and all unneces-
sary waste incineration should be
avoided.
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Since the toxicity of che various con-

geners of dioxins and furans varies, the
toxicity of a given mixture of con-
geners is usually expressed as TEQs,
where the most toxic form is assigned a’
value of one and the relative congribu-
tion of others is calculated accordingly.

Dioxins/furans form most readily in

commercial incinerators as the com-
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tures, primarily in the range

200-450°C.
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" 16. In 1993, the Vinyl Institute commis-
sioned a report, prepared for the
Aumerican Society of Mechanical
Engineers, that purported to examine
the relationship between PYC in incin-
erator waste feed and dioxin emissions
(Rigo HG, Chandler JA, Lanier WS,
The relationship becween chlorine in waste
streams and dioxin emissions from com-
bustors, The American Society of
Mechanical Engineers, 1995). After
examining data from dozens of burns in
a number of municipal and medical
waste incinerators, the report concludes
that there is no statistically significant
relationship berween fuel chlorine con-
tent-and dioxin emissions. The analy-
sis, however, is flawed in a number of
significant ways. First, there was no
attempt to control for differences in
incinerator design or operating condi-
tions so that the question of interest
could be addressed independent of
other variakles. Second, the authors
used data collecred for regulatory com-
pliance purposes znd not intended to
examine the relationship between chlo-

‘rine input and dioxin output. Without
actually knowing the PVC content of
the waste feed, they were forced to use
hydrochloric acid emissions as a surro-
gate for chlorine loading. Hydrochlorie
acid emissions can be used to approxi-
mate chlorine loading but do not pro-
vide precise estimates, Moreover, in
the tested incinerators, dioxin concen-
trations were sampled at various points
in the exhaust stream ~ from boiler
outlet to further downstream — pre-
dictably a source of variability, since
dioxin can be formed at various points
in the exhaust, depending on tempera-
ture and fly ash composition. This
sampling strategy provides a poor esti-
mate of total dioxin emissions to the air
and ash. In summary, this analysis
relies on data that are poorly suited to
answer the question of interest. A
more complete referenced discussion of
the connection between PVC incinera-
tion and dioxin formarion may be -
found in: Thoraton J., Pandora’s Poison:
Chlorine, Health, and a& New
Environmental Strategy (Chapter 7),
MIT Press: Cambridge MA, 2000.
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