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Executive Summary

In the U.S.,, dicxin is infamous becaucs it was the subsiance in Agent Orange blamed
for & hont of discases in Vicmam veterans, and the substance that contaminated Times Beach,
Missoori, prompting the federal government 1o purchase the catire town, Since then, the
discovery of dioxins in incineramr emissions has caused fusther concem.

There arc actually many kinds of dioxing, The chiorinated diaxins have caused the
most concer. A related family of compounds called chlorinated furans are very similar to
dioxins in their distribution, toxicity, and behavior, although not as much is known about them.
The chlorinated dioxins and furans are the subject of this report.

One particular dioxin has received more atiention than any other, because it was found
in relasively large amounts in some widely used chemical products, and appears to be the most
toxic, This dioxin is 2,3,78-TCDD. The word dioxin is commonly used to mean 23,7.8-
TCDD. A great deal more research has been done on 2.3.7,8-TCDD than on the other dioxing
and furans, #nd this report is based largely on swudies of 2,3,7,8-TCDD.

How toxic are dioxins and furans?

Bu&dmlabormdﬁe!dmdiu.!ﬂorsoofdwzmchlmimwddioxinsand
furans are considered D be exmemely toxic to animals. They accumulate in the tissues of
organisms, and are often the only types found in oeganisms from the wild. Most dioxins and
fizans sppear (o be aimost nonwxic, and do not accumulate,

Wt factors affect the toxicity of dioxins and furans?

The toxic effect of a dioxin or furan on sn animal depends on more than the type of
dioxin or furan, It also depends on the species of animal, the status of the animal, the routs of
cxponxe, and Lhe subsance in which the dioxin or furan is present. Some animal species are
thousands of times mare sensitive Lr2a others to the toxic effects of the same dioxin or furan.
How do diaxins and furans resch humsny?

The major routes of exposurs are generally considered to be eating contaminated food
and breathing contaminated particles. Pearticles in air, especially near urban areas or large
sources of combustion products, can be contaminated with dioxins and firans, Trace levels of

Dioxins and Furans vii
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dioxinsandfuﬂnshmlfebe'mfoundinavnieqnffmhinlmﬁnada.mdw:ndme

same is probably tue of foods in the U.S. Dioxins have also been found in Gsh from certain -
areas i the US,
Are dioxins and forans found in humaps?

Dioxins and furans have been (ound in samples of blood and fetty tissne from persons
innmmemmuiu;indtﬂingmeU.S"CmeVlemm,andmﬂmmmm
Europe. Based on these findings, it is generally agreed that the population at large in many
parts of the world has been exposed w low levels of dioxins and furans,

What are the health effects of dioxins and furans?

The long-term health effects of these compounds have been intensely investigated, and
they are now among the most-snudied substances with respect to their effect on animal and
human heaith, Dioxing and furans canse monality and/or cancer in many gnimals, but there is
no conclusive evidence that they cause cancer or any other life-threatening health problem in
humsans, No documented human death has occurred becauss of an exposure to dioxing or
furens.

People have been exposed (o relatively large amounts of dioxins and furans (1
microgram or more) during industrial accidents, and other incidents of accidental contamination,
The health effects were serious, but subsided with time. With the exception of severe acne,
most researchers have found no sesious, long-term health problems associated with exposure to
dioxins, even a1 the highest reported Icvels, and after ten to thinty years have clapsed.

How are dicxins and furans crested?

Dicxins and furans have 50 useful purposs and have never been manufactared
deliberstely, cxcept in small armounes for rescarch purposes. They are known % be creaed i
two musjar ways: (1) they are created by unwanted side reactions, which take place during ths
chemical processes used 1 maufactire useful products such as biocides, paper, disinfectents,
and preservarives; (2) they arm ceesied when a substanco containing chiorine is bumed, ar when
a substence is bamed in the presence of chlorine,

GENP 011286 , 784007
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powss |

Product Contaminants
PCBs Furans
hexachlorophene Dioxins®
24,5-T Dioxins*

24D Diozins®
chlorophenols with 3 or more chlorines Dioxing and Furans
polychlorinated' benzenes . -
diphenyl ether herbicides - "
hexachlorocyclohexane " ‘
paper products ’ "

'l:wldﬁndthanalysnoh_lmptwmsrufm

Other pmducts derived from chiorophenols have been identified as possibly
contaminated and are under investigation by the US. Environmental Protection Agency
(USEPA) and others.

What products.can produce dicxins and forans when they are barned?

The following chiorinated produces or substances can produce dioxins and/or furans
when burned:

Contaminants
PCBs 4 Furzas
polybrominsied biphenyls (PBBs) Dioxins and Furans
polybrominated diphenyl ethers (PBDEs) - *
polychlorinazed diiphenyl cthers (PCDEs) : :
tetrachloroethylens - .

. benzenes ° ®
polyvinyl chioride (PYC) : :
paper, wocd, peat, and cosd . *
dioxing and furans * *

. . it is capabls of
producing dioxins and furans, it is typically burned under those conditions most likely
produce dioxins and furans, or that produco the largest quantity of dioxins and furans,

Dioxing and Furans ix
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Imina:maﬂmfalmnmhuahnm.wplmn.mm&mmdmkm
also sources of dioxins and furans.

Mm:nmymofdbximmm The combustion sources are widespread
and numerous. !{:lghlymmﬁuumfzmingwmmmtmhnmwm
usuaﬂy!acalp!wllam. The reintive importance aof the two major sources of dicxing and furans
(chlorophencls ve. combusion) s not yet known. 1t is generally 2greed that modem indusiial
activity, not (he buming of wood, is the primary sowrce of dioxiny and furans to the
environment. .

Where are dioxins and furans found?

Dioxins and furens arm present &t tracs levely in many places, and at relatively high
levels at a small aunber of contaminated sites. The presence of dioxins and furans is usually
associated with the production, sworage, use, ar disposal of chlorophenol-based compounds. In
addition, they have been detected at low levels in urban sreas, where they are believed (o be the
product of numerous combustion processes. As our ability © detect dioming and firans
imw&itlrldylhaunywﬂl-hefmmdinmplnu..

Diaxing and fursns have been found in organizms from contaminated greay, and from
fish in many areas of the US. Plants typically contain thess compounds at levels much below
the surmounding environment, and only when they are grown in highly conteminated soil.  Fruits
do not appear to contain diaxins, although root crops may sometimes contain them.

How long do dioxins and furans last [n the eavicoament?

23,78-TCOD cm be broken down in & maner of days in the eavirnmenz, if it is
mixed with the proper crganic solvent and exposcd to ultravioke light. On the surfacs of the
soil, without & solvent, 2,3,75-TCDD has an enviroomenta! half-lifs of ono year or less, dus 1o

slow photdegradation aod evepomtion. Underground and in sodiments, this very sable -

compound degrades much more siowly, with a half-life of abont 10 years. Very little is known
about the half-lives of other dioxing and furans. In genersl, dioxins and furans with fewer than
four chiorines s broken down mors quickly thm 2,3,78-TCDD. The dioxin o furan with
eig:ncﬁhhgi:pmm‘mumhukdwn.

% Dioxins and Fiurans
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2L;E:J:pr do dioxins and fursms spresd whem they are Introduced Into the
mimfmmmmﬂyummmmhMMﬂ.
in sediments, and to the particles found in the air. These particies can be lifted and camied by
wind of moving wazr, Dioxine and (irsns cn be transparted great distances in air, and gmaller
dinnuinnlla. In soil and sediments, dioxins and furans sppear t migrate very lisfe or ot
at all. Arexs of severe contamination have typically remained locat problems, and mast are not
amuudmsw%dUuammmhmhnmnﬂdwaum
What has been!doae about dioxing and furans?
ane‘:h:ymvuymtmﬁmmﬂmﬁmgmhhbauymimal&mmﬂmy
azmﬁm&mmmmmhwmﬂzuﬂhmtahmnwwdmmm
ﬁnm.mmmbymlha:lwo&dcndim:mwmmo(
the sams animal Iaborztory studics,

As dioxins and forans have been identified a3 coutaminnts in products, the
manufacturers have lowered the kevels of conmination, The USEPA hes cancelled or restricted
the mamufacuxe, use, and disposal of many of the products conmaining hazardous levels of
diouins and firans, and the disposal of wasizs from the manufacture of many products.  Many
contaminaed sites have been cleaned up, 1nd many more &0 oa the Superfund fist
Coaclusions sad Recommendations '

Based on the many studics alresdy published, dioxins end fursns 6o not appear 10 bo a
hazard 0 our health whea wo s cxposed o the low levels typically present in the
eaviromment. Several groups of people need special attention becauss they may be exposed W
greater than normal smounts of dioxins and forans. Thess include bressi-fed babies (because
dioxins and fotns are csually present in bres milk), snd workers in industries that use
contzminated prodocts.

We should contitue © moaitor tho bhealth of groups of peopls who wero exposed ©
largs amounty of thess compounds, or who were cxposed (0 smaller amounts for a loog time,
mmm!mummwmmmm;mm Now that

Dioxins and Fursns xi
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wcﬁau.molbﬂhymduumﬁ!menmdnhdvﬁud'lmmwmm
fm!hmghaplwdm.mei&nﬁfwioodnpnﬂpumhmuchmandm

Wealnniedmminehovdioximmdfmmmm:ﬂmthnlmydo.m
why their taxicity’ varies 30 greatly becween species, Such an understanding would not only
have preventive or therapewic value, but is also critical for acourats assessments of the risks
m_mmmmhmmmdwumﬁm

Because of their demonstrated toxicity 10 laboraiory animals, plus their distribution and
persisience, some dioxing and furans are a potential hszard 1o organisms in the environment.
There is a great need for mome stdy in this area. We need (o0 kmow what are unacceptably
harmful levels for the various crgonisms in the eavironment, and the nanwe and amount of
dioxins and furans from the various sources.

What appesrs to be the largest amount of toxic dioxins and furans is buried in landflls
or stored at past oc present sites of manufacture or use. We need (o develop safe, yet practical
mmeumin.u:'bm:yadmw.\hismmmiwdm

_'Wem?ﬂmmﬂwmotdbxmmﬁmmm:hgnmm
contaminants of some products, Great redactions have been mads in certain products in the
past, and further reduction may be necessary, Unfortimatzly, such reduction can result in very
M@ymﬁmﬂmmﬁmﬁmﬂhmmw ‘l'h:d'm.
the emphasis needs (o be on preventng their creation during the manufacting process.

Wo ais0 nesd (0 rectuce tbe unwaneed creicion of cioaing and furans daring combustion.
HMKMMBWMWMWWMMW
and forans. ‘ .

More then' one billion dollars has been spesa in the U.S. alose for the research of
dioxing and fursns, snd this research hss gremly expanded oor kmowledge. With this
knowledge, and with improved technnlogics for both reducing fume sources of thess
compounds and clesning up presently contaminated areag, dioxins znd fursns should be regarded
&3 & manageahis problem.

xii Digxins and Furans

e
et

M AEIPRAR R . a7 e 10T

- -
- i

o~

784101



A et e

Dioxins and Furans: Introductiom and s Brief History

When mdst people uss the term dioxin, they mem a single chemical compouad, oftea
refarred w a3 “the most texic substance ever made by msa”. ‘In the US., diaxin is infamous
muwutlhmhmnahAgqumpbhmedfulhuddimian
mMMIMMWWMMMmmMFM
Govemment to purchase the entire town.  However, the dioxins (short far chlosinated dibenzo-p-
dindm)mala:éefamﬂyofmpmmdsw!mgmicitynﬂumformanytypu.iaunk.nown.
A closely relaied sad very similar group is the furans (chlorinated dibenzofurans).

Dicxing and furans have been discovered in unexpected places, They are in fish from
lakes and rivers, in common peper products, in auw exhaust, and in the ash from municipal and
industrial incinerswrs. Dicxing snd furans will continue (0 be found in new places. In past,
this is because they can be measured in extremely small amounts, and have been looked for in
meny places. Also, many dioxins and furans zre very stable, can remain in the environment for
years, and czn sccumulats in organioms,

One pesticular dioxin hes received more aeation than sny other, because it was found
in relatively lage'amounts in some widely used chemical products, and appesrs (o be the most
toxic'. This dioxin is 2.3.78-tetrachlorodibeszo-p-dionin, 2lso known as 2,3,78-TCDD, or
simply TCDD, The word dioxin is commonly used 10 mean 2,3,7 8- TCDD.

M@thW'sWdﬁhdﬁmmgﬁmﬂamﬁd
lfa'wiﬂy-pdilh'ndmcm A brief history of dioxins snd fiszns, with
sunmaries of 8 few of the most publicized ingidents, can serve 0 remind us of how these
compounds becams 30 well known,

the report, “laxic® means Lhat the subsonce is associsted
not necessarily effects that are serious, or permanent.

Diaxins and i
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What is the history of dioxios aod furans?

Diaxins and furans were synthesized by organic chemists in the 1930s and were
pamnwdinﬂ”a{cmsimmuinauudzuundfaehwi:imﬂaﬁm(dwdinﬂuﬂ’and
Wassom, 1973). D:;ﬂ'mdinﬁmand[ummmminmmpmmdum

agﬁmbmwigh'sum,udfungi.uhumdiatuhdumiulpmmdasnme.

retardants, from the |1930s to at least 1970 (cited in Huff and Wassom, 1973).,

Discavering their toxic off | { animal
Thewxi:elffemofdioxinsmuﬁminhummmmuemlmunmognizedunﬂ
1957, when Dr. Ka:l'l Schultz, a dermatologist at the University of Hambwrg in West Gemmany,
tried 10 determine why workers at a nearby chemical plant were developing a severe form of
acne, called chlaracnes (Gough, 1986: pp 29-33). After some careful teste, Schultz concluded
that a contaminant in one of the plant’s products (2.4,5-trichlatnphenol) was respoasible for the
chioracne, and identified the contaminant s 23,78-TCDD. We now know that 24,5
richiorophenol is always contaminated with 2.3,78-TCDD, and therefore trace levels of 2.3,7.8-
TCDD a0 also presem in the products made from 2,4, S-richlorophenol.

Schultz and colleagues published several papers in 1957, showing that seversl dioxins
andrmmimmlacmwrmawummmbbizm(memdmumummmﬁvemmum
time), and that small doses of 2,3,73-TCDD caused liver damage and death in rabbits, The

piaot chemists found & way to duce the amount of tho contsminants formed during the

mmamy;-«ummmmauﬁmmmmm

Chick edema di

Also in 1957, scientiats in the U.S. Food and Dmg Adminismation (USFDA) were
tying to detormine the cause of an outbresk of millions of deaths of chickens in the U.S.
(Firesione, 1973). They determined in 1958 that the causo of the discaso (chick edems) was
toxic contaminants in commercial (atty acids that were part of the chicken feed. Symptoms
included excessive fluid in the heart sac and abdominal cavity, and liver damage. Although the
mmﬁnmmn%yuidmﬁﬁd.hUSFDAlmdamhﬁmhlmmmmdtmy

i
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acids (0 be proven fres of the conwminaats through & 3-week chick-fecding bioassay, Advences
in detection t=chnjques made it possible 10 further identify tho cotaminats, and in 1966 it was
determined that 1,2.3,7.89-bexachlomdibenzo-p-dicain was ane of the contsminms and that a
syothetic hexachlorodibenzo-p-dioxin produced the disesss in chickens (Firesione, 1973).

It had been shown as cady 23 1936 (cited in Huil and Wassom, 1973) that dioxins
could be produced by heating chiorophenols, and the USFDA sientists proposed that
chiorophenols wore the source of the dioting in the loxic fas being fed o chickens.
Chiorophenols, including trichlorophenol and pentachlorophenol, were widely used as agents
against slimes, bacteria, termites, and as herbicides. The USFDA scientits were able
produce a variety of dinxins by heating various commercial chicrophenols, and found thess same
dioxins in the toxic fat. They tesied these dicxing o chickens, found that they produced chick
edema, and found that the most toxic dioxin was 2,3,7,8-TCDD. Finally, it was determined in
1972 tha the source of chick edems diseass was fas dorived Grom hides (from caule, hogs,
sheep, and other animals) thai had been trezied with commercial pentachiorophenol (Metcalfe,
1972, cited in Firesione, 1973),

Concern about 2.4.5T and related herbicides .

In 1970, at hearings before the U.S. Congress, evidence was presented to show that the
widely.used herbicide 2.4.5-trichlorophenoxyscetic acid (2,4.5-T) was capable of causing birth
defects in rats and mico (cited in Hofl and Wassom, 1973). During that sams year, a study
showing similer resalts was published (Courmey et ah, 1970} It was proposed that the
reiatively kigh lovels {spproximately 30 pens per million [ppea]) of 2.3,78-TCDD conaminasion
in 24.5-T were probably responsibie for the bith defects (ciefl palate, cystic kydney) in mice
mmmauéymz;.mmnormuummmu&(smu
al, 1970).

Bawmd on thess findings and tho easlicr findings of the toxisity of 2.3,78-TCDD to
bumisns and animals, the U.S, Department of Agriculture (USDA) decided in 1970 to cancel
registrations for the vys of 24,5-T in certain areas, for example its zss on haman food crops,
near bodies of waser, and around homes (Gough, 1986: p 138), They did not cancel regiswation

Dioxing and Furans 3
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for other uscs of 2.4,5-T if tho levels of 2,3,7,8-TCDD were below 1 ppm (cited in Huff and
Wassom, 1973). However, the USDA and U.S. Depastment of Health, Education, and Welfare
issued a joint matement that 2.4,5-T and 2,3,7.8-TCDD may cause birth defects in mice and rats
(cited in Huff and Wassom, 1973). Also in 1970, the US. Department of Defenss stopped
using the herbicide Agemt Orange in Vietam. Agent Orange was 3 half-and-half mixture of
245-T amd 24-dichlorophenoxyacetic acid (2.4-D), and wes contamingted with 2,3,7,8-TCDD.

In 1971, a Science Advisory Council from the U.S. National Academy of Sciences
recommended o the U.S. Environmental Protection Agency (USEPA) that the regismation of
24,5-T be restored for use on ferests, rangeland, and rice fields, with certain restrictions on its
use (Gough, 1986: p 138). For example, they required that present stocks of 2,4,5-T have less
than 0.5 ppm 2,3,7.8-TCDD and that newly mamfactured 2,4,5-T have less than 0.1 ppm (cited
in Huff and Wassom, 1973). In 1973, the Science Advisory Council recommended that no
moee than 0.1 ppm 24,5.T be allowed in water or on edible food products, if they were for
human consumption (cited in Huff and Wassom, 1973).

In 1979, the USEPA issued an emergency suspension of most remaining uses of 2,4,5-
T, based on accumulating evidence that 2,3,7,8-TCDD caused cancer and birth defecis in
labocatory animals, and because of a 1979 study that showed elevated levels of spontaneous
abortions ameng women near Alsea, Oregon, where 2,4,5-T was sprayed (Gough, 1986: p 138
145). A pancl of scientists subsequently reviewed this 1979 study and concluded thet because
of a flawed design, the suudy was incapabis of showing cither the presence o absence of effects
of exposwre 10 24,5-T (Coulsioa and Olsjos, 1980, cited in USEPA, 1985: p 9-25). From 1979
until 1984, 2,4,5-T was used on rice 20d sugarcane ficlds, pending sexlement of a suit between
the USEPA and manufacturers of 2.4,5-T. All companics withdrew from the suit by 1984, and
the USEPA then cancelled all uses of 2,4,5-T and the closely related herbicida Silvex.

Times Beach znd ot in Missouri

{Much of the following discustion is besed on a chapter in Gough, 1986)

Hexschlarophene, a germicidal product used s3 a skin disinfectant in hospinals, in
gemicidal somps, and in some veterinary prodocts, is produced from 2,4,5-trichlorophenol, the
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same chemical used t9 manufacture 2,4,5-T and related herbicides. Wba:;nnufacumnf
2,4 3-uichlorophenal-besed products became sware of the toxic propertics of 2,3,7,8-TCDD, they
found wxys to greatly lower the concenmations in their final products.  However, this
pniﬁuﬁmmmmmmmhighmmﬁm;oluﬂ.&mn. If this
waxs is not disposed of properly, it can be a hazand to humam and other organisms.

Improper disposal of such wastes was the cause of the contamination of Times Beach,
Missouri, A chemical plant in Verona, Missouri, produced hexachlomophene from 1970 to 1972
The purification of their product (by distillation) resulted in g thick, oily, 23,7.8-TCDD-
contaminated wasts called sill botoms. The plant's till bottoms were hauled away by a
sepanate company, and sold in tum 10 3 waste oil buyer, The waste oil buyer then used the still
botroms in a secondary business, in which he sprayed oil w0 keep dust down in horss arenas,
pivate roads, and parking lots.  Hocses, birds, and other animaly became sick and died
following the spraying of ons of the horse arenzs in 1971, and a child who pisyed in the horse
arena was hospitlized with bladder inflammation and dleeding.

The U.S. Centers for Discass Control (CDC) began an investigaton of the poisoning
cpisode at that stable in August, 1971, three months after the spraying. They and bocal doctors
diagnosed the episode as chemically refaccd, bt could not identify the disease or the
contaminant, In the meantime, the owners of the first hoese arena and another arens had
suspected the cause of the illness was the sprayed cil, and had removed the top layer of soil
from their arenas aod placed it in & nearby Landfll, The CDC invesiigation continued, 22d in
1973 thoy bhad identified 2.3,7.8-TCOD in samples of dint from tho srenss.  They oodfied the
Missouri Deparument of Health in 1974, aad the CDC and siate began a joint invesdgation of
tho episode.

The origing of the wames ail were quickly determined by the investigators, but
identifying the many arcas that had becn sprayed with the oil wxs more difficuit. Fortnately,
the owners of the firgt grena had secretly followed and kept recands of the spraying done by the
waste oil buyer, and thess records were weed to locats other contaminated areas, Arenzs and
trxiler peiks had been contaminawed by spraying, and soil from the zrenas was removed and
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placed in landfills, on farms, and used &s fill for bailding projects.  Also, the wasis oil buyer
had spreyed 23 miles of unpaved sueets in the town of Times Beach, Missowi, from 1972 o
1976,

‘The contamination of Times Beach was not confirmed by the federal governmeat until
December 1982, when their soil tests showed 5-300 parts per billion (ppb) 2.3.7.8-TCDD in the
soil from the sireets of Times Beach, Based on the results, the CDC recommended that the
wwa of Times Beach was unsafe for its inhabitants, and in Febnmary 1983 the federal
government announced it would buy the homes, properics, and businesses of Times Beach,
The many other contaminased sites in Missouri (51 in sll, according o USEPA, 1987a: pp 2.3
2.35) are being dealt with in various ways. The USEPA and CDC have removed soil,
decontaminated the soil, restricted access, and advised minimal contact with soil, depending on
the level of contamination and possibility of exposure (USEPA, !9878:pp?.18-l9).

Based on studies of residents of the most highly contaminated areas in Missouri, it
appears that the people exposed o 2.3,78-TCDD have suffered few if any long-term effects,
although several commonly used aress were contaminated with extremely high levels of 23,7.8-
TCDD (g3 much as 3! ppm in the soil of one horse srena), The poople who were exposed o
high levels of 2,3,7,8.-TCDD in the arena soil suffered from a veviety of effects, including
nausea, headaches, diarrhea, nosebleeds, chloracne, and severe bladder inflammaton. Their
health subsequentdy retumed to normal (reviewed in Reggiani, 1980).

A sdy of the residents of s treiler park that had 39-1100 ppb of 2,3,7.8-TCDD in the
sail found sboormal lzvels of soms blood constituents, that suggested long-tzrm effects on the
liver mnd immuno system (Stear-Greea et al, 1987). However, no liver changes couid be
directly desecied, and o .excess of iliness was repored.  The authors nowed, "The cffects we
obecrved may bo merely. part of the nommal, adaptive response to a toxicologic challenge, and
well within the normal reserve capacity of the affected organ sysiems (ie., they are markess of
cxposurs end ont signs of disease).”
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Agant Orange

mmmwmus:mmvmw“&mwamlm. Agent
Omnge, a hall-and-half mixture of the berbicides 2,4,5-T and 24-D, was sprayed over South
Viemam from 1965 to 1970, accounting for more than half of all herbicides used there, Earlier
mixares wers called Agents Puple, Pink, and Green. Based on analyses of Agent Omnge
manufactured before 1970, the mixture sprayed on South Viemam was contaminated with from
0.02-54 ppm 2,3,7.8-TCDD (Esposito et al, 1980: p 98). The U.S. Air Force (USAF) estimates
that Agent Orange had a mean concentration of 2 ppm 2,3,7,8-TCDD, Agent Purple had a mean
-concentration of 33 ppm, and Agents Pink and Green were estimated to have 66 ppm (Albancss,
1988: p 3).

The large-scale use of herbicides in Viemam ended in 1970 because of concemn about
the effects on the covironment and inhabitants of Sowh Vietam. However, that concem has
been almost entirely eclipsed by concem zbout the postible cffects oo the health of soldiers
from the US. and other counwies who were exposed to large amounts of the herbicides.
mam.mmwmbymcncmuswmemml:Ma
are underway. The USAF study investigated the general health and rates of cancer and death
among Vietnam veterzns who were exposed (o herbicides, as well 23 binth defects among
children of the veterans. The CDC suudy investigaied the health of Viemam veterans in general,
mott of whom weao not exposed 0 Agent arange, snd therefom i3 not relevam o this
discussion,

The USAF Realth Study is investigating the health of USAF personnel who participated
in the acritd spraying of herbicides over Vietram. The spraying program was called Operstion
Ranch Hand; Ranch Hands include the men who (lew (ho plsnes, and al! men who worked with
the herbicide and spray equipment used for the aerial spraying. The health of Ranch Hands is
mmmm.mwmmmduwmmmmmmld
Southeast Asis (bat not Viemam) during the same period. Tho most recem report from (his
smdy focused on eleven health effects that studies of animals snd humans bave sssocisied with
exposre w0 23,78-TCDD (Albaness, 1988), They reported that for 6 of the 11 dfm'
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differences were detected between the two groups, and for 5 of the effects the difference was in
the direction that would be expected from current knowledge of the effects of 2.3,7,8-TCDD.

The six effects were increases in the rato of cances, increases in the aumber of birth
defects reported in childrea of the vetersns, an increass of psychological chenges, an increass of
liver changes, an increase of cardiovascular changes, and an increass in changes in the
endocrine system. However, no differences were detected in the sperm count o propostion of
normal sperm, the e of heart disease and heart aiack, the immume sysiem, overall mortality,
and other health effects that studies of animals and humans have associated with exposure o
2,3.728-TCDD. Follow up swdies, including an investigation of the binth certificates and health
records of all children of the veterans, are now under way.

Albaness (1988) concluded that while "A¢ this time one cannot ascribe the observed
group differences to an effect of dioxin®, the study also ®..does not exonerate dioxin as a
causative agent of these differences.” He noted that the sudy did not find that the health effects
increased in severity with a greater exposure W Agent Orange, and that some of the
characieristic effects of exposure (0 2,.3,7,8-TCDD were not obeerved.  He also noted that five
of the six group differences were in the direction of 23,7,8-TCDD effects, and that the
calculation' of exposize was only an estimate. Finally, he noted that the sample sizes used in
the suxly made it possible to detect common diseases and death, but almost impoassible to detect
rare disenses.

An important part of the conmroversy over the possibie heaith effects of Agent Orange is
tho question of deterining exposure: what veterang wers cxpased and whas was tho level of
exposure? Recent sndies indicats that 2,3,7,8-TCDD persists for decades in the fatty tissues of
buemans (Schecter and Ryan, 1988), and levels of 2,3,7,8-TCDD in the blood can be correlzted
with levels in the fanty tizsnes (Patterson et ol, 1988). Messwements of 2.3,7,8-TCDD in the
blood can therefors be used 1o desermine a person's level of exposure © 2,3,7,8-TCDD, even if
the exposime ocourred many years befare,

The CDC recently reported the levels of 2,3,7,8-TCDD in the blood of approximately
700 vetzmm who were part of the Vietnam Eipexience Study or the Ranch Hand Swudy. Ranch
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MWMWMyﬁMWdHJ.&TCDDin!hdrblmd(twmdﬂm
per illion (ppt]) than did other Viemam-cra Air Foreo veterzns (mesn of S ppt).  Seventy-nine
mdmmmwmmmmmmmmdm-mm
{CDC, 1988). However, other Viemam veterans did not have higher levels of 2,3,7,8-TCDD in
their blood (mezn of 4.8 ppt) than did non-Viemnam veterans (mean of 4.9 ppt) (CDC, 1987). It
appears that Ranch Hands, but it other Victnam veterans, were exposed 10 significant amounts
of Agent Orange.

To determine past exposure, the CDC used an estimaed half-life* of about seven yeary
(CDC, 1988}, and therefore assumed thag two o four half-lives have passed since Vietmam
veterans were exposed 0 2,.3,7,8-TCDD in Agent Orange, Recent work by Kissel and Robarge
(1988) suggests that the half-life of 2.3.7,8-TCDD is inversely relstad to the concentration of
23,78-TCDD in the body, and that the half-lifs is significandy shorter when concentrations are
refatively high (e.g. immediately after exposwme). U so, the CDC may be underestimating
Vietnam veterans' past exposwre to 2,3,7.8-TCDD in Agent Orenge,

The Scyewo accident

In 1976, a cloud of 2,4,5-trichiarophenol and caustc lime, contamirmted with 23,7.8-
TCDD, was releasedt over the town of Seveso, ltaly and nearby towns, when a chemical plant's
reacior vessed went, out of conrol Approximazely 700 acres inhahized by 38,000 people wers
contaminated with 2.3,78-TCDD (Maurviacovo et al, 1988). m' level of 2,3,73-TCDD
rzoged from grester than 150 ppe i the soil of tbe maost contgminsed ares to fexs than 50 ppt
in ths soil of We least contaminmed sres (Wipl ad Schmid, 1983). Vegetation (including
garden vegetables and archard fruits) was contaminsted with from mors then 1000 ppb 23.7.8-

TCDD 0 less than 1 ppb, which was the limit of detection at that tine (Wipf and Schmid,

1983).
The accident resulied in the deaths of sbout 3000 domesiic animaly (aimost all rabbits
and chickens); some of these rnimale died almost immedistely after ths accident, and their

! The haiflife is the amourt of time during which the 2,3,7,8-TCDD present in the
bady is reduced by ons-half,
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dcaths were auributed not to 2,3,7.8-TCDD, but to the other chemicals in the cloud or to
deliberate staughter, (Al animals given a kethal doss of 2,3,7,8-TCDD take at least two (o tvee
weeks to die after their exposyre.) One humndred and eighty-three people, mostly children, were
confirmed as having conuacted chloracne, indicating that they were exposed to significant
amounts of 23,7,8-TCDD, It was presumed that children were cxposed 10 greater amounts
because they played in the vegetation, and may also be more sensitive. All cases of chioracne
cleared up within § years, although the 15 mast severe cases resulted in permanent scars.

Aside from chloracne, no other health effects were confirmed by an investigation ol; the
accident (Wipf and Schmid, 1983). However, there was concem that the cffects of the exposure
might include birth defects, The lialian health anthorities advised the inhabitants of the area ©
avoid becoming pregnant, and many women requested sbortions after the accident. A panel set
up by the [talian government investigated, from the beginning of 1977 1 the end of 1984, all
suspected birth defects in children bomn 0. women who were inhabitans of the area at the time
of contamination (Masroiacovo et al, 1988). This smdy did not find an increased rate of birth
defects in children bomn o the exposed women, The authors noted that rare defects could nat
hwbam&mbm:sedmemaﬂnnmhao[mu.andlhthmhhum
spontancous abortions decreased the number of children bem with defects  They cited one
study that found an increase in spontancous abartions after the accident (Sang et al, 1983), and
one study that did not (Biznco et al., 1986).

Conclusion

The coummination of Times Beach and Seveso, and the bealth effects aczibuted 0 usz
of the herbicide 24.5-T, especially from Agent Orznge, have made dioxin a housshold word
withininfnmuomﬁm. Much auention has been paid to the potential danger of dicxins
and fixans and their wide presence in very small quentities, Yet investigators of the health of
the people cxposed o relatively large quantities have found lile evidence to justify the
enommous reaction to thess incidents, Nevertheiess, dioxins 2od firars ae present in our
environment, in organiuns, and in us, and can be extremely toxic, at least to other organisms.
A great deat of money and other resources haves been spent on the research of dioxing and
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furans, and will continue (0 be spent. The question thea is, what do we know sbout dioxing and
furans?

Detecting Trace Amsounts of Dioxing asd Forans

One of the difficulties of discussing dioxins 2nd furans is the almost unimaginably smatl
' quantities we can detect with moderm techmiques: as linle as one wrillionth, or in some cases
even g few quadrillionths of 3 gram., The following examples illustrate how little these
quantities are. If we assume a drop of waer to bo equal 0 0.05 millileters (20 drops 10 a
milliliter), then one ppb is equivalent 10 one drop of water in 13,200 gallons, or a pool 20-feet
square and approximacly 4.5-fect deep. One ppt is cquivalent to ono drop of wawr in
13,200,000 (thirteen million two hundred thousand) gallons, or a pool of water as long and wide
a3 a foowbmll field, and approximately 28-feet deep. One part per quadrillion (ppq) is equivalent
to one drop of water in 13,200,000,000 (thineen biflion, two hundred million) gatlons, o 2 6-
square-mile lake, approximately 10.5-feet deep,

Diczins and furans were among the very [irst compounds chemists could measurs in
one billianth of a gram (in 1970) and one aillionth of a2 gam (in 1976), and they are now
approaching the detection of ane quadrillionth of & gram. As the new techniques for detection
were developed, diaxing and furans were used t st the techniques becauss they appesred 10 be
toxic at extremely low leveis. Befars tho detection sechniques were devéloped, researchers used
snimais such 23 young chickens to st the toxigity of dioxing and furans (pers. comm., David
Firestone, USFDA).

Dicxins lend themselves to the techniques used 10 detect amounts this small.  They
resct with very few other chemicals, many lax s long time, and they dissoive readily in organic
solvents, Also, dicxing and furans are relatively simple molecuice. The molecuies of many other
loxits are very complex (pera. comm., David Firestone, USFDA).

In order 10 detect smounts this small, it is firg necessary (0 isolats the subsumce you
want (0-measure from all the other substances that are prescat in & typical sample. This process
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is called analytical clean-up; the chemist puis the sample through a complicaced and delicats
preparazion process, involving extractions, washings, and ssparstions. Oncs the smple has been
clwwdt;p.mmdmuaﬂsmdwhwmdwmm This can
be done using seversl techniques, including an Elecron Czptuwe Desector, Flame Ionizaton
Detrcior, of Mass Specwometer, along with a Gas Chromatograph (pers. comm., Anneae
Guiseppi-Elie, Drexel University),

In additioa to the difficulty of detecting these very small amounts, the taxicity of these
compounds necessitates great care in their handling, Therefore, detecting the presence of
dioxing and furans at levels approaching 1 ppt is a very time-consuming, expentive, and difficult
undenaking. An cxperienced analytical chemist needs several months in order to prepare the
laboratory for detecting a particular chemical a1 thess extremely low concentrations. Once
everything is in place, the analysis of just ong samplc costs abowt $2000 in materials, requires
the auention of an experienced analytical chemist, and typically conmumes a half-day of work
(pers. comm., Robert Baughman, Harvard University).

A much chesper and quicker method has been developed for determining the level of
toxicity of a mixture of dioxins and furzns in a mmple. It has been established that dioxins and
fumiﬁneamd&myman?bkﬂmnsp&iﬁcpuﬁnhmimhanﬂhm(mhndu
al, 1979). Rather than using analytical chemistry in determine the amounts of various toxic
congeners® of dioxins and furans in a sampis, cell cultures are exposed o the sample and the
above biochemical responses are meamired, The accuracy of thess methads have been verified
by comparing their results with the results of chrogic loxicity tests using [aboratory zaimals
{Safe, 1987; Sawyer et al, 1983).

3'A congener is a single, panticular dioxin or furen, £.g. 2,3,7.8-TCDD.
12 Dioxins and Furans
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Dioxins sod Furans: What Are, Where Ars Fousd, and How Behsve

What is dioxin?

The dibenzo-pars-dioxin seuctire (ses Figure 1), which provides the framework for tens
of thousands of compounds, is made up of two benzens rings joined by two oxygen aoms
(hence. dibenzo dioxin). The “para® means the benzene rings are attached o opposite sides of
the dioxin molecule, and it is usually designated as simply "p*. Benzene is a ring of six carbon
atoms (one a. cach comer) and six hydrogen auoms {one bonded (o the carbon atom at each

comer).
9 1 9 1
8 0 2 8 (o} @ 2
7 0 3 7 @ ~3
) 8 4 8 4
B L Dib fioai H 2. Dib f

In addition to dibenzo-p-dioxia, there is the reisted spuctrs called a dibenzofuran (seo
Figure, 2). Amﬁhlw&de_mmw
However, the benzens rings zre joined by cos oxygen amem, insiead of twa. The singio oxygea
that joins the two benzens rings forms tho formn pert of the moleculs, A furn is a ring like
benzens, bt is made up of four carbon stoms plus ons other atorm (in this case, that other asoe
is the oxygen atom). Both dioxing and furens havo cight camers (four on each beazene ring),
fros to react with other atomy. Theso other atams can bo, for cxample, hydrogen, chiorine,
bromine, (laorine, iodne, or niogen, The comers can also react with groups made up of thess
sioma. The umber of possible combinations is encrmout. |
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There are 75 polychlorinated dibenzo-p-dicxing (PCDDs) and 135 polychlorinaied
dibeneofurans (PCDFs). PCDFs are similar to PCDDs in their distribution, toxic propertes, and
behavior, although not 23 much is known about them, While those diberzo-p-dioxins and
dibenzofurans with atoms other than chlorine on their comers (bromine, nitrogen, and so on)
mzy have similar tozic potsntial (tests indicats this ©© be gue for some types), they are not as
common OF numerous, and ars not considered to bs as important 2 chiarinated dibenzo-p-
dioxins and dibenzofurans, However, there has been some concem about the polybraminated
dibernzo-p-dioxins and dibenzofurans, becauss polybrominated compounds are used as gasoline
additives, and have been widely used as flame retardants in plastics, carpets, textiles, and so on
(Buser, 1987). [t has been shown that when thess compounds are bumed, polybrominatsd
dipxins and furans can form (Buser, 1986 Haglund et al., 1988). Almo=x nothing is knawn,
however, about the exteat of their presence in the eavinment For the rest of this repore, caly
the chlcrinated dibenzo-p-dioxins and diberzofizans will be discussed.

Cl (0 Cl
Bz 3,278 TCOD

As illustraeed in Figore 3, ths pumbers 23,78 refer 10 the positicns oo the benzene
rings where the four (thus eum) chioring stoms are amached. 2,3,7,3-TCDD is the moss toxic of
the dioxins or furans, and czn be formed in significant smoums dwing the production of
trichlorophencl-besed chemicals, Also, 2,3,78-TCDD is accumulated preferentially by animais
andhmm.mwdmm;m:mdtﬁaimadm A gres deal maors reseerch hag
been done o 23,7,8-TCDD than on the other dioxins and furans, 2nd the following discussion
is besed Isreely on studies of 2.3,2,8-TCDD.

14 Dioxins and Furans

GENP 011304 784115



Avre all dioxins tad furans daagenxts?

Only 20 or so of (be 210 chlorinated dioxins and funrn are considered to be extremely
toxic. These have 4 to 7 chlorines, with a chlorine in each of the 2J.7, and 8 positions
(2J.7;-substituted dioxins and furans). Table 1 lisa these very toxic types of dioxins and
furans, aad all other dioxins and furans, along with their toxicity relative to the most toxic

dioxin or furan, 23.7.8-TCDD.

Table 1 Relative toxicity of dioxins and furam

Conroared to the most toxic. 23.7.8-TCDD.
From the USEPA National Dioxin Study (USEPA, 1987a; p 1.7)

Type of dioxta or furaa Relative toxicity
23,7.8-tetra-CDD (4 chlorines) 1 (Most Toxic)
13 3,7.8-penta-CDD (5 chlorines) 1/2 as toxic
23.7,8-tetra-CDF (4 chlorates) I/10th
133,7.8-penta-CDF (ﬁ chIoH'pes) .
23,4,7,8-penu-CDF

133.4.7,8-hexa-CDD (6 chlorines) 1/23th
133.6,7.8-hexa-CDD * .
133.7.8.9-hexa-CDD oo *

Other teoa-CDDs (4 chlorines) 1/100th
133.4.73-hexa-CDP (6 chlorines)

133.6.73-hexa-CDF . . "
133.7,8.9-hexa-CDF . . *
2374.6.7,8-hexa-CDF °

Other penta-CDDs (S chlorines) 1/200th
133.4,6,7 ;-hepta”BD (7 chlorines) 1/1000th
Other tetre-CDFs (4 chlorines) -
133.4.6,7.8-hept*CDF (7 chlorines) .
133.4.7 ; 9-hepte-CDF -

Other penea-CDFs (5 chlorines)

Other hexa-CDDs (6 chlormes) 1/2300th
Other hexa-CDFs © 1/10.000th
Other hepta-CDDS/CDFs (7 chlorines) 1/100,000th
Other CDDs/CDFs (1-3. 8 chlormes) Not toxic
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Diaxins and furans ysually occur in & mixtures of scveral or many types, and the mixnme
varies with the source of the dioxins snd [urses, In order to arrive at a nonber that represents
the toal toxicity of the mixure, relstive 40 °2.3,7,8-TCDD, the appropriate factor is applied to
the amount of each type of dicxin or firan in the mixturs and the result then added, for all the
types present.  The total amount is then expressed in *2,3,7.8-TCDD equivalencs®. This allows
the direct comparison of the toxicity of different mixtmes of dioxins and forans, from different

_ sources.

For example, let us say we have analyzed samples of soil from two contamirated waste
sites, and found the following:

Sitc One Site Twa

3 ppb 23,7.8-TCDD 1 ppb 23,78-TCDD

6 ppb 2,3,7.8-TCDF 4 ppb 1.2.3,7 3-penta-CDD
200 ppb other tera-CDDs 100 ppb 1,2,3,7,8-penta-CDF

How can we compare the toxicity of these two sampies? The toxicity equivalent method is one
way. The toxicity of thess two samples would be compuied as follaws:

Site Ope Exipr Result
3 ppb 23,78 X1 3ppb
6ppb2.3. .B-TCDF X01 0.6ppd
200 ppb other tecra-CDDs X 001 2ppb

’ 36 ppb
Site Teq ) Encione  Result
1 ppb 23,7.8-TCDD X1 1 ppb
4 ppb 1.2.8,7 8-peata-CDD X0S5 2ppb
100 ppb 1,2,3.7.8-penta-CDP Xaol }g_:g

Therefors, the taxicity of the soil in Sits Oos is oqual to 5.6 ppd 2.3,7.8-TCDD equivalents and
in Site Two is equal to 13 ppb 2.3,7.8-TCDD equivalencs,

The USEPA used dat from soveral kinds of stdies to determine these facuors (Bames
et al, 1986). Of first importance were data concemning cancer and reproductive effects in
animals, based 00 long-tem studies, but this information is available for only & few types of
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digxins gnd furans, mdﬁﬁmmdmebhduﬂdﬂmdm:m
studies, measurs cevtxin biochemical responses that ars related o the toxic effects of dioxins and
foses. The USEPA choss not (0 use data from shori-erm animal toxicity tests, sating that
such information is oot useful for predicting the long-term health effects of dioxins and furans,

Thess Bacors are the result of interpeesation, gnd agencies from other counmies have
released somewhat different guidelines (Bames et al, 1986). This is an aea of omgoing
investigation, and the USEPA will probably reviss this table. For example, a recent study
indicates that ccm-CDD/CDF are toxic, not non-loxic as this table shows (Couture et al, 1988).
Other types of dioxing and furans have aleo been investignted and found to have toxicities
higher or lower than the present factors indicais (Pleuss et al, 1988a; 1988b). The use of such
factors (0 determine the toxicity of a mixture is somewhat conwroversia. The CDC, for
example, feels that thix method is not scientifically valid, given our limited knowledge of the
lulﬂleffﬂddnmydh:imndfmcpd&ﬂyinnmhm However, Pleuss et al
(1988b) investigmed the toxicity of a mixtre of dioxins and furmne in rats, and found the
USEPA's factors to be adequats for estimating the toti toxicity.

What factors affect the toxicity of dicxins and fursns?

The toxic eifect of a dioxin or fwan oo 20 snimal depends on more than the basic
toxicity 28 expressed in the table shove. It alsy depends upon the kind of animal being
exposed, the condition of (he animal, and the medium that the compound is mixed with, Same
snimals xv thowsands of times mare sensitive than othery to the tonic effects of the segme dioxin
or foran, For cxample, guinea pigs (the most sensitive animal tested 30 far) 270 approximawely
30005000 timea more seaxitivo w0 the kshal effects of 23,7.8-TCDD then are hamsiens (the
most resistant animal 5o far tesied).  Also, becasss they are very lipid-soloble (soluble in fats,
oils, and solvens such 23 acetone), dioxins and (urmns have had a greater toxic effect on an
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_animal when they were administered in, for cxample, com oil, than when they were

administered in dry food,

Different kinds of dioxins and furans have different behaviors within gnimals; some are
excresed rather quickly, while others are stored i the tissoes for long periods of time.  This
may affect their toxicity to the animat. Lsboratory studies showed that rars end carp fed a
mixwre of dioxins and furans accumulated higher amounts of 2.3,7,8-substituted types (thcse are
the most toxic types of dioxins and furans) than other types (van den Berg et al, 1983; Kuehl et
al., 1987a; 1987b). They also found that carp retained 2.3,7,8-TCDD and its counterpart furan
(23,7, 8-TCDF) for longer periods than dioxins or furzns with fewer or more chiorines.

Researchers who have made congener-specific analyses of tissues ffom organisms in the
wild have also found that the 23,7 8-subsiituted congeners of dioxins and forans are the oaly
types found (Rappe et al,, 1937a; Heida et al,, 1986)., Crustaceans appezr to bo an exception to
this genersl rule; Rappe ot al (1987a) detected dioxin and (urans congeners in crabs and
lobsters that were not 2.3,7.3-substituted,

Soils from different 23,7.8-TCDD-contaminated sites show greaty varying toxicities.
Resezrchers from the National Institute of Environmental Health Sciences and Rutgers Medicat
School fed guinea pigs 2,3,7,8-TCDD-contaminated oils from two different sites (McConnell et
al, 1984; Umbreit ¢t al, 1986). The animals showed greatly different reactions, although the
amount of 2,3,7.8-TCDD given (0 them was similar, They concluded that the aaturs of the soil
affected the toxicity of the 2,3,7,8-TCDD, presumably by determining how much of the 2.3,7.8-
TCDD was absarbed by tho animal (this is known 23 bioavailability), The rescarchers suggested
that tw difference between the toxicity of the soils was caused by the difference in the amowit
of carbon in the soil. It is known that dioxins bdind strongly 10 carbon and aro thus less likely
to be abearbed during digestion.

18 Dionins and Furxns
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Whers are dioxins and furses found?

In._soil {ai

There are arcas contaminated with relatively high levels (1 ppb or more) of diaxins and
furans; most ace sites whers 2.4,3-richlorophenol and 2,4.5-trichlorophenol-based biocides were
mmufactured or processed, and/or their associated wasta sites.  Wood-presexving facilities that
have used pentachlorophencl, and sawmills thar have used chlorophenclic solutions o prevent
staining, can be contaminated with dioxins and fians and in some cases have contaminated the
local environment. [n addition, there are many contaminated areas in Missouri where 2,3.7,3-
TCDD-laden oil was sprayed on roads and horse arenas, and several military bases where Agent
Orange was stored or heavily sprayed.

Apart from these recognized sites of contamination, 2,3,7.8-TCDD has not been found
commonly msall. As part of their National Dioxin Study, the USEPA randomly selected 221
urbm sites and 142 rural sites where no previously known sources of dioxins or furans had beea
recorded.  Seventeen of two hundred and twenty-one urban sites and one of one hundred and
thirty-cight rurai sites had detectable amounts of 2,3,7,8-TCDD in the soil (USEPA, 1987 pp
3.26-32). The limit of detection was about 1 ppt, and levels ranged from 1-{1 ppt.

Low levels of 23,7.8-TCDD have been found in areas that were sprayed with the
hesbicide 2,4.5-T. During their nationwide survey, the USEPA found 2,3,7,8-TCDD at 15 of 26
sites where 24,5.-T was sprayed commercislly; these sites-included sugarcane 2nd rice fields,
rangeland, and forests (USEPA, 1987z pp 3.12-21). The highem levels (1-6 ppb in scils or

.wm)mmrmmmmmmummm

accumaiaied, Where the herbicide was simply sprayed, levels were very low or below the limit
of desection (1-5 ppe).

Dicxins and furans have also been found in sediments in the Great Lakes and some
associssed rivers, and in some Large river sysiems nex wban centere. They are thiquitous in
tow ppb levels in the sediments of Lakes Erie, Ontario, Huron, and Michigan (Czuczwa and
Hites, 1986). ‘They have also been found in sediments of the Nizgama River (Haliet and
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Brocksbank, 1986). In many areas, samples of fish or other organisms have been used (0 detect
the presence of dioxins and furins in the waier ecosysiem, rather than direct sampling of the
sediments. (Seo the following section on dicxine and furans in animals and plants)

Dioxins and firans have not been detected in tresied drinking water in the US.
However, furans have boen found in tap water in Japen (Shiraiski et al, 198%). In the U.S.,
dioxins have been found in waier of the Niagsra River adjacent to the severely contaminated
Love Canal area, and in groundwaler nesr the canal (Hallet and Brooksbank, 1986).
Groundwater and surface waters in the vicinity of wood-preserving facilities and sawmills, that
use chlorophenol-based solutioas 1o treat wood, have been contaminated with dioxins and furans
(USEPA, 19882; pp 533234). Both groundwater and surface waters can be sources for
municipel drinking water, although the watcr is wmeated first. Thoss people who live near
coataminated sites and use untreated well water have been notified.

Dioxins and furans have been detected in air in urban areas of the U.S. (Czuczwa and
Hites, 1985), West Germany (Rappe md Kieller, 1987; Rappe et al, 1988), and Jepen (Nakano
et al, 1987), in air near contaminared sites in the U.S. (Fairless et al, 1987), and in the air
cmittions from incinerators. It is suspected that incinerators and automobiles burning lesded
gasoline are important sources of dioxing and furans in urben areas.

In conclusion, diaxins and furans are present in very low levels in many places, and at
high levels at a small number of contyminated sites, Their presencs is usually associated with
the production, starsge, use, or disposel of chloropbenol-based compounds. In addition, they
have been detected in low levels in urban areas, whers they am believed o be the prodoct of
oomerons combustion processes.  As owr ability to detect dioxiny and furans improves, it is
likely that they will be found in more piaces.

Are dioxins and farzns found i& aniscals xad plaxts?

Dioxins aod forene are much more sclnbls in fats than in water and therefore wend ©
asccumplass in the fany tissucs and organs of animals exposed lo them. Levels of 1-200 ppt
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23,78-TCDD have beea detzcted in fish and other aquatic organisms in some parts of the U.S.,
and fish from the Great Lakes and associated rivers gemerally conwin higher amounts than
elacwhere in the commiry (USEPA, 1987x p 329-32). The USEPA deteced 23.78-TCDD in
17d%mud&hmm&ymmm¢mnkﬂdl-l9m
Samples were also taken from 305 aress of general interest, chosen becanse they were newr
population centers, were used for commercial or recreational fishing, or becanse other water
quality information was alresdy available. ormmu%ofsos&mmmxymu
sites had 1-85 ppt 23,78-TCDD, Of fish samples from the Great Lakes, 23 of 29 had 141 ppt
2.3,7.8-TCDD.

The USEPA also found as much as 85 ppt 2,3,7,8-TCDD I fish, from rivers that were
receiving effluents from some pulp aod paper mills (USEPA, 1987a p 331). Since then,
dioxins and furans have been found in the sludge, wastewater, and products of pulp and paper
mills that use a chiorine bleaching pracess (Amendala et al, 1987). )

A study of dioxins and furans in fish and Hemring Gulls from the Great Lakes (Stalling
et ak, 1983) found a wids renge of total levels of dioxins (undetectable to 223 ppt) and furans
(15-290 ppt) in fish from various locations in the Grest Lakes watershed. 23,7 8-substituted
congeners were responsibis for the bulk of the dioxing and fursns peesent, and 23,7,8-TCDD
way the predomimant congencr. The two Herring Gulls analyzed had 27 and 26 pg (otal furans,
and 196 and 110 ppt tocal dioxing, inctoding 168 and 75 ppt 23,7.8-TCDD. 2,3,7,8-TCDD has
alsn been detected in Herring Gull eggs from tha Grest Lakes, Xt Jevels ranging from 9-90 pm
(Norstrom et al, 1982).

Becansz 2.3,7.8-TCDD is a contaminert of the herbicids 2.4.5-T, Lhere was concem
shout 23,7.8-TCDD being spread Uwoegh the nse of this herbicids (24,5T is no longer
produced or used in the US.) Therefore, a joint stdy by the USEPA and the Umiversity of
Mmmmmudmmwmduﬁ.&mn
afier nommal applicetion of 2,4.5-T to Oregon forests (Gross, 1980, cited in Weergsingho and
Gross, 1985). Animal tissoe and whole azimahy (mice, shrews, birds, aod newts) were sampled
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and, although 3 ppt were found in scveral samples by one laboraiory, this could not be
confirmed by the second laboratory.

However, some studics have detacted low levels of 2.3,78.-TCDD in organisms afier
normal gpplications of 2,4,5-T. In a 1984 study by the USEPA, deer were placed in a2 plot that
was then sprayed with 24, 5T (Harless et al, 1983). They found 1-27 ppt 2.3,78-TCDD in the
fat, muscle, and liver tissue of the deer, and the frequency of detection incressed during the
four-week sampling period. No 23,7,8-TCDD was found in the bone marow of the deer, or in
a8 deer placed in a separute area.  Also, 2,3,7.8-TCDD in levels as high as 1 ppb have been
detected in whole-animal samples of fish and shellfish from areas in South Vietnam (Baughman
and Meselson, 1973) that were heavily sprayed with Agent Orange during the Vietnam War.

AL exceptionally conaminated sites, such as an improperly managed waste site (Heida
et al,, 1986), a military base where Agent Orangs was repeatedly handled and sprayed (Young
and Cockesham, 1985), or whae 2,3,78-TCDD was released during an industrial accident
(Fanelll et al, 1980), 23,7.3-TCDD has been found in many different organismas, such as
rodents, insects, lizards, earthworms, and birds. Researchers in [taly found that plants grown in
soil conteminated with 2.3,7,8-TCDD accumulated the compound in their foots, and to a much
lesser extent, in the above-ground portion of the plants (Facchesti 1 al, 1986). However, in
Seveso, one year afier Lthe accideat, no traces of 2,3,7.8-TCDD were found in the flesh of fruits
of in com kemels and cobs, from trees and planes grown in <oil contaminated with
appmximately 10 ppb total dioxins, nm@rmammd&mmm
concided Lkt they were contaminaied extermally by dust, and aot by dioxins in the soil (Wipf
et ab, 1982),

Dioxins and furzns have been found in organisms from contaminsted aress, and from
fich ia many areas of the US. Mot animals do not appesr 10 acctanulas theso compounds at
levels greaer than in their swrounding eaviromment, sithough “bioconcemration® can occar,
mmmmmu'Mmummmmuﬂm
and only when they are grown in kighly contaminsted soil. The fruits do not appear to contain
dioxins; however, oot crops may be moro susceptible to contamination.
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How long do dioxics and fursns last in the esviroament?

Many factors influence the perticence of dioxins and fursns in (ho environment: what
kind of dioxin ar faran it is, whether it is present a3 & s0lid or gas, what it is mixed with, and
what kind of environment it is exposed 0, among other things. Photodegradation (breakdown
byﬁghohbeﬁcvdl;hemommimpammvﬁmmﬂlmfaunmo{
dioxins znd furans, Crosby t al. (1971) and Crosby and Wong (1977) have demonstrated thag
ultraviolet (UV) light is responsible for the photodegradation of 23.78-TCDD. They also found
that the rate of brezkdown varied with the material the dioxins wese mixed with, and the suarface
to which the mixture was applied.

They reparted that 2.3,7,8-TCDD applied 10 wet and dry soil, or dissolved in water,
showed no signs of breziddown afier as much as four days of exposure (0 uitravioiet light
However, when it was mixed with the herbicide Agent Orange, the commercizl herbicide
Egteron, of 8 solvent such as methanal (wood alcobof), and applied o s0il, glast, aor plant
teaves, the 2.3.78-TCDD was pertially or toally degraded in less than eight hows. The authors
notsd that these conditions would often have been met during the application of 23,78
TCDD-contining herbicides such as 24,5-T, and may explain why the oormal application of
2.3,7.3-TCDD-containing herbicides typically docs not leave persistent, detectable amounts of
2.3,78-TCDD on sail or foliage.

In addition to phowdegradation, here £ro other processes thag c3n break down dioxins
and fursns, mmmuummdmnmpﬁmﬂmmumm
of digestion by microorganisms (Marsomua and Benezet, 1973). However, this breakdown
occurs much more slowly than the phomdegradation process mentioned above.  Efforts to isolate
a microogatisn tha cmn digest 23,78-TCDD have met with licle success: onfy 8 small
percentago of the subsianco is broken down, even afier months of incubation. It sl sppetrs
that dioxins and forsns bamd (0 particics and dissolved in water o very slowly reieased to the

atmosphere 23 a gay (Palavsky et al, 1985; Nash snd Beall, 1980), m:iguifmofdﬁ.s
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process is not yet agreed upon. Once rleased o the air by this process, it is expected that
dioxins gnd furans gre broken down by suniight.

In sum, 2.3,78-TCDD can be beoken dawn in & mattez of days in the environment, if it
is mixed with the proper arganic solvent (not water, bt acetone or even com or olive cil) and
cxposed 10 ultraviolet light (Wipf et al, 1978). On the surface of the soil, without 2 solvent,
23,78-TCDD has an environmental half-life of one year or less, due 1 slow photodegradation
and volatilization (Crosby and Wong, 1977). Underground and in sediments, this very stable
compound has broken down much maore slowly, with 3 haif-life of abowt 10 years (DiDomenico
et al,, 1980z; 1980b). Very liule is known about the half-lives of other dioxins and furans. In
general, dioxins and furans with fewer than four chicrines are broken dowm mare quickly than
23.78-TCDD (Crosby et al. 1971), The dioxin or furan with eight chiorines is more resistant
to breakdown.

To what degres do dioxins and furans spresd whea they are introduced Into the
eavironment?

The most important manner of transport of dioxins and furans appears to be the
physical movement of pamicles to which they are bound. Dioxins and furans hive a great
affinity for orgazic carbo: thus they bind very smongly o the organic carbon present in
pasticles of soil, in sediments, 2nd to the perticles foond in the sir. Thess particles can be lified
and carried by wind or by water.

In the sir, dioxins and furans can be transponed considersble distances. Far instance,
they have been found in the sedimem of a laks on Isis Royale, = island in Lake Superior .
(Coaczwa et al, 1984). It is believed it dioxing and furans could reach this lake only by
transpont in sir, Also, dioing and furans have been found {n Arctic seals taken in the Arctic
Circie, many thoussnds of kilometers from any known sources of the compourxis (Ochme e al,
1988).
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There is also evidence of the transport of diaxins end furans in waer, 23.7.3-TCDD
has beea detected in fish downsgeam from known sources, and in proundwater and river watar
mhndﬁmhwhkhlrpmu.dzjﬂ&mb-mmiucammdiw
(Halle and Brooksbazk, 1966). Dioxins and furany have also migrated from wood-preserving
facilities and sxwmills through surface waters and groundwater (USEPA, 1988a: pp 533234).

Measurcments of the movement of 23.7.8-TCDD throagh %0il indicats that the process
is generally a very slow ooe, from onc to (zn centimeters per year. Palaneky et al, (1586)
reposted that the initial depth to which the 2.3,78-TCDD conmminates the soil greatly
influcnces the resulting movement by vapor phase. This depth of contaminstion is related 10 the
type of solvent in which the 23,78-TCDD is camied: the volatility (at what temperature it
cvaporates) of the splvent, its viscogity (how casily it flows), and how it interacts with soil
OfgaNic mater,

Becauss they are so insoluble in waler, only very smatl amounts of diaxing and furans
a0 washed from soil particles or released from sediments (0 ths water above it (Tsensee and
Jooes, 1975). Their extremely low solubility in water makes it very hard 0 measure just how
much dissolves; consequently, thers is a wide range of reported values, The recently acceped
vuu'razs.v.s-moummmmmm(mpuud.1986).

Dioxins and furans can be transported as a gas, but Palausky et.-al (1986) detected this
caly at (emperatures above 300C (87°F); it was therefore coocluded that this vapar phase
mﬁﬂ.?&mbmphnmi;whmdmm;hum.

In conclotion, dioxies and furans amached (0 panticles can migrats congidersbio
distances in the 2ir, and 10 a lewer extent in waer, But becauss thess compounds are so
insoluble in wawr, and because they bind so songly to particles in the soii and water, they
appear (o migran very linls ance they reach sedimenty and soil.  Aress of severs conamination

vmwmummmmmummﬁmm
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Are dioxins and furans found In humans?

Diaxing and furans have been found in samples of human blood and faf tissues from
numerous countries, including the U.S., Canada, Japan, Vietnam, and several counmies i
Eusrope. Based on these findings, it is generally agreed that the population at large in muny
parts of the world has been expased wo low levels of dioxins and furans.

In Morth America, for example, 23,7,8-TCDD is typically present in human fat, some
other tissues, and breast milk, at the level of approximately 7 ppt (Ryan, 1986). In- addition to
23,7.8-TCDD, penta-CDD is typically found at 10 ppt, penta-CDF at 15 ppe,.and the hepta- and
octa-CDDs/CDFs a1 levels approaching 1 ppb. In humans as in other animals, the most toxic
dioxins and furans, with chlorines in the 23,7 and 8 positions, have been found in greater
amounts than the other dioxins and furans with the same number of chiorines.

How do dioxing and furans resch humans?

Although we can be exposed to encugh of these compounds to detect them in owr
bodies, the mechanisms of this process are will under investigation, Dioxing and furans are
believedlnrmhhumminMfuﬂowingway:wlmweinhal_ecumminmaddmuvms:
when we contact or ingest contaminated waicr, sediment, or soil; when we est conteminated
vegemshle, mest, or dairy products (Mukerjes et al, 1986). At the preseot time, the relative
impormance of these routes of expostre is nat understood.  Hawever, drinking snd contacting
conaminated saler is geoerally considered a minor e because dioxins and furans have not
becn dewcted in weated drinking wawr in the US., and our contact with untreaied wager and
sediments is normally minimal (e.g. swimming, other wamwersports), Ingestion of and conmact
with 0il ia also considered a minor route, except for small children.

The msjor souics of exposwre, then, are generally comsidered b be breashing
contaminaied pamicles snd esting contaminated food. Particles in air, especially nesr urban
areas o largs sources of combustion products, &an contain low levels of dioxine and farens, and
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the accumulated lifetime exposure from inhaling them pvuciex is considered a potentially
important mice (Marklund et alL. 1986). Studies by Rappe et al (1986a) and Travis and
Hanemer-Ftey (1987) compared breathing to food consumption, and mibtwh thr breathing is
far less important, even near a large source of combustion. However, very liaw is known about
the actual amounts contributed by breathing air particles.

Dioxins and forms have been found in a variety of foods in Japan and in dairy
products in Sweden, and in selected foods in the US. They have been found in fish from the
Great Lakes and associated rivers, fish from many major rivers near urban centers, and fish
from rivers below some pulp and paper mills. As a result, advisories for limiting consianpuon
of fish in some of these areas have been issued (see Appendix).

In 1984, the USEPA found ppt levels of 23.7.8-TCDD in 3 of 85 samples of beef fat
from cattle that had grazed on land sprayed with 24J-T (USEPA, 1985: p 430). Dioxins and
furans, but not 2J.73-TCDD, have also been found in chicken livers and chicken eggs, and in
gelatin from supermarkets (USEPA, 1985 p 4*31) In both cases, the sources of the
contamination were bides (from cattle, hogs, sheep, and other animals), tressed with
pentachlorophenoL. a product which is usually contaminated with dioxins and furans. Fat from
the treated hides was used in the manufacture of the chicken feed and the gelatin (Firestone,
1973).

Investigators in Sweden found dioxins and firms (but not 23.7,8-TCDD <* 23.7,8-
TCDF) in levels below 1 ppb in cow fat. milk, cream, and liver (Nygren et aL, 1986), and
investigator! in Japan (Quo et aL. 1987) found similar amounts of dioxins and furans in s
variety of meat and dairy products. A researcher in Canada also found ppt levels of dioxins and
furans in fruits and vegetables (Davies, 1988).

23,73-TCDD has not commonly been found in food in the U-S-; its presence in
selected foods has been related to specific sources, as above. However, it is probable that trace
«mounts of other dioxins and furans an present in common foods, as has been found in other

countries. Similar tests have not yet been reported for the U-S.
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Breast milk, like fagy human tissoes, has low levels of 2,3,7,8-substitted dioxins and
furans, and they can be transferred to & baby through the mother's milk (reviewed in Lindstrom,
1988: p 34), Bocause a baby is tiny, undergoing rpid development, and may have bresst milk
as its sole source of nourishment, a breast-fed baby may be subject to & grexter than normal risk
(Tarkowski and Yrjanheilki, 1986; Schecter and Gasiewicz, 1987), Breast-fed babies may
receive levels of dioxins and (urans that exceed safe guidelines (Nygrea et al, 1986). However,
a sudy by the World Health Organization (WHO) Regional office in Europe determined that
breast-fed babies receive dioxins and furans in amounts far below what are capable of causing
agverse health effects (WHO, 1988, cited in Lindstrom, 1988).

Young children ingest more soil than oider children and adults, and are probably subject
(0 greater contact exposure as well (Houk, 1986). The Cemter for Disease Control took this
grealer eXposws into account when they determined that 1 ppb or mere of 23,7,8-TCDD in the
residential soil of Times Beach suggested the need for corrective action,

Workers in several occupations are ar have been subject (0 a greater potential exposure
(Choudhary, 1983). Thess include: milly wheve wood is treated with pentachlorophenals or
where treated wood is sawed; leather and tamning induswries, which have used chiorophenols as
preservatives; [acilities that manufacture, ship, or formulste chiorophenals; pulp and paper mills
that use chiorophenol-based fungicides; health-related facilities, where hexachlorophene is used

241 a bactericide; occupations where workers apply chlomophencl-besed biocides,

In sum, it is generully believed that eming conaminaied food and breathing
contsminated particles are Lhe most importent sources of expoyare. - We need 0 know more
about the routes of human exposure to dioxins end furans.  Also, bresm-fed babies, small
children, and some warkers in the industries that zse comaminsted products, ars subject to
greater than narmsl potential exposre.  These cases merit special sitention,
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Sources of Dioxins and Furans

How are dicxine and furans crested?

Digtins and farsns have no useful purposs and have never been manufactured
deliberazely, excepe in smafl amounts for resexrch purposes. They mre knowan 0 bs creaed in
two major ways: (1) they are created in trace quantities by unwanted side reactions, which uke
place during the chemical processes used to manufactre useful products such as biocides, paper,
disinfectants, and preservatives; (2) they aro created when a substance conmining chlorine is
bumed, or when & subsmnca is bumned in the presence of chlorine (chioring is & conwiment
clement of many substances), In addition to the dioxins snd furans from thess two majar
sources, there is evidence that dioxins and furens can be created when camin mixtures of
substances are exposed to sunlight, The importance of this process is not yet known,

Dewermining the relstive or absoles importancs of the various sources of dioxins and
furans is complicated. Simply, the question iz What kind of hazard does the source represent
to humans and other organisms? [n omder to estimate this, it keest the following information
should be considered:

1) What types of dioxins and furans are produced by the source?
2) What amounts of the different types are produced?
3) How will humsans and other argznicms ba exposed?
- For how long?
- To what levels?
4) How mzoy bamans or other organisms will bo expozed?

Becauss this information (s unsvailsbis for most of the sources of tho dioxins and
formns, it is imrposxible 0 meis more than & nxlimentary qualitative estimats of the importance
of the various sources, relstive (0 each other. For some sources, cven this is unwasranted
becauss of lack of information. Therefore, while a discuszion of the sources is wortbwhile, it
should be noted that the various imawn sowrees mey pruve (0 be much mars or lasa mportand
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than our present undersianding makes them appear.  Also, new sources of digxins and furans
will continus to be identified.

What products cas be contaminated with dioxins and furans?

Dionins are formed as unwented byproducts during the mamufaetre of some
chiorophencls (espegially those with three or more chlorines), and during the manufactme of [
chemical products that are derived from these chlorophenols: phenoxy berbicides such as
2.'4.5-1'. and biocides and preservatives such as pentachlorophenol. Manufacturers have greatly l
reduced the levels of dioxins and furans in their chemical products since they were identified as
coutaminants in the earfy 1970s. In some cases this resulted in much higher concentrations of

dioxins and fumns in the waste from these processes. The safe disposal of such wass is
difficult, and inadequate disposal methods have resulted in environmental conmmination,

Dioxins and/or furans have been found as contaminants in the following productss

PCBs Furans
hexachlorophens Dioxins®

. 245-T Dimxins®
24.D Dioxins*
chlorophenots with 3 or more chlorines Dioxins and Furans
polychlorinsted benzenes y .
diphenyl ether hesbicides . .
hexachiorocyciohexano - . .

; paper products . .

* { could find 0o analyses of thess products for fursns.

Note: The above list is besed oa information availsbls in journzls or reports. Under the
auspices-of the Toxic Substances Conwol Act (TSCA), the USEPA published a lager lig of
chemical products that may bde contaminated with chiorinaed or i joxi
(USEPA, 1987h). For maro information, see under "What has
furzns?”®, page 69,
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PCEs

PCBs and PCB-conuining mixtures can be & soarcs of furzns znd to a lesser extent a
soarce of dioxing They were widely uted prior to 1977, primarily as dielectric fluids in
clectical equipment such as transformers and capacitors. PCBs have also been used as
plasticizers, bydraulic lubricants, and in a variety of other applications. PCBs a6 no longer
produced in the U.S, or installed in new equipment, and their use and disposal is restricted (see
under *What Has Been Done Abous Dioains and Furans?”, gage 69).

Levels of furan comamination in PCBs vary with the manufacturer and the type of PCB
(Bowes et al., 1975; Rappe and Buser, 1980). A recent and particplarly sensitive study of both
U.S. and Japanese PCBs found up (o 60 differenz kinds of furans, including most of the 2.3,7.8-
substituted types, in low ppb lzvels (Wakimoto et al, 1988). No dioxins were detected above
the limit of detection of 2 ppb.

Used PCBs can have higher levels of furans. Apparcnily, the heat that they may be
subjected W during uss cin promote the furher formation of furans (pers. comm., P.E. des
Rosiers, USEPA). However, stveral swdies have shown Lhat simple overheating or arcing in
lectrical equipment does not genes furans (des. Rosiers, 1987). Whils dioxins generally have
na¢e been detected in PCBS, a recent swdy found relatively high levels of dioxins in used oil (R.
Adams, et al, 1986). For many applications, such as dielectric fluids, PCBs are combined with
other compounds such a3 chiorinaied bemzenes. Thess other compounds are believed o be
responsible for the presence of dioxing (sce discussion of chiorinstéd benzenes, below).

Approximaely 1.4 billion pounds of PCBs were purchased by U.S. industries prior o
1977. Based on theso sales, an estimated 84-94 kilograms (kg) of furmns wero present in the
PCBs produced during this period, Including 8 kg of 2,3,73-TCDF and 14 kg of 234,7 8-pentae
CDF (Hutzinger et al, 1985). The suthons oowed that thess were underestimates, becauss of
missing ssles information for some types of PCBs.

Most PCBs have been incinerated by licensed hazardous wasie (acilities or buried in
designated landfills. However, a Jmuary 1988 U.S. General Accounting Offics report estinates
that 312 million pounds of PCBS still remain in millions of pieces of electrical equipment in the
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U.S., aad that as much as 150 million pounds of PCBs have been released o the enviroament
(pers. comm., USEPA).

Low levels of PCBs are now ubiquitous in the environment, and i may be presumed
tha they 2re contaminated with Uace levels of furans. In aress that are heavily contaminated
with PCBSs, it msy be presumed that furans are present 29 well. Based on a comparison of the
furan congeners in the tssues of aquatic animals (a snapping turde, seal, and killer whale), o
the furan congeners present in PCBS, several authors have concluded that PCBs were the source
of the furans in the tissues (Rappe et al., 1981; Wakimoto et al., 1988)., The release of PCBs is
now highly restricted, and they are probably no longer a significant source of new releases of
furans (the unconmolled buming of PCB-containing fluids can be an exception; sce "PCBs” on
page 19).

Hexachlorophene

Hexachiorophene is a baciericide used in special soaps, veterinary medicine, and in
restricied fashion a3 a surface disinfectant It was once widely used in hospials, in the
cosmetics industry, and in some consumer products such as baby powder and skin cleansers,
The USEPA no longer allows ils use in non-prescription products, Very few measurements of
dioxins in hexechlorophene have been made, but levels of from 02-0.5 ppb 2.3,7,8-TCDD were
found in three samples (Baughman, 1974, cited in Rappe, 1984). Present lsvels have been
reported a3 equal o o less than 30 ppb (USEPA, 1985: p. 4.12). Hexachlorophens is curently
not prodoced in the U.S. (USEPA, 1986: p 1.16). '
2.4.S-wiclomot it _acid (2.4.5T)

The herbicide 2.4.5-T was used widely in the US. befeze 1980, and in a restriced
fasiion until 1983. It is no longer prodoced or used in the U.S, Dioxin concentrations as high
a3 100 ppm wers found in 2,4,5-T produced in the 1950s and 1960s, with an estimated avenige
of sbout | ppm (Rappe et al, 1982: p 496), 2,3,7.8-TCDD was present in greater concenmration
than other isomers’ (Rappe, 1984), When this conmmination was verified in the carly 1970s,

¢ An isomer is a single member of a homologue; s homologue is that group of
dioxins or furans with the same number of chlorines.
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manufacturers lowered the [evel of contamination considerably, and in 1984 producers of 2.4,5-T
reparted that the levels of 2,3,7,8-TCDD were below 0.1 ppm (Rappe, 1984),

Tho authors of one stady estimated the masimum amouns of 2.3,7.8-TCDD that could
have been present in 24.5-T produced from 1960-1970 (Hutzinger et al, 1985). Based on total
1960-1970 production of 48.2 million kg, and a maximum concentration of 100 ppm 23,7.8-
TCDD, they estimated & maximum tal of 4800 kg 23.78-TCDD present in 245-T. The
authors added that after 1970, both the level of contamination and lvel of production dropped
sharply.

The defoliant Agemt Orange, which was sprayed heavily over most of South Vietmam
during the Viemam war, was composed of 3 50:50 mixwre of 24,5-T and 24-D. Levels of
2.3,78-TCDD in Agent Orange were found (0 vary between 0.02 and 54 ppm, with an average
of 2 ppm (reviewed in Esposito et al,, 1980: p 98). The very heavy spraying of Scuth Vietram
resulted in significant contamination of the environment with 2,3,78-TCDD (Baughman and
Meseison, 1973).

In the U.S., normal spraying with 2,4,5-T appesrs (0 have conwributed oaly aace levels
of 23,7,83-TCDD to the environment, presumably because the 2.3,7,8-TCDD is present in a
solvent (2,4,5-T) and therefore can be quickly broken down by sunlight. However, it is possihle

that the use of 2.4,5-T contributed to the low background levels of 2.3,7,8-TCDD in the fat of

petsons in the U.S. .

The herbicide 2,4.5-T is no longer produced or used in the US. and is therefore no
longer & source of dioxins hers, However, a large amount of contaminated wasty was crexted
daring the production of 2,4,5-T, resulting in many contaminated mamufacturing swd wasts
disposol sies (USEPA, 1987s). Sama of theso sites aro «iill contributing dioxina o the
eavironment, predominantly the local mrea (see "What about dioxins and fizans from sswage
plants, waste strexms, and landflts?*, page 45), -

2 A-dichloroo? ic. xid (2.4-D)

The widely used herbicide 2,4-D is made from dichlorophenol. Dichiorophenol has

only rarely been found 10 be contaminased with dioxing and furans, and 2.3,7,8-TCDD is oot
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formed in ‘the manufacture of 24.-D. However, other, much less toxic dioxin congeners have
been found in 2.4-D at levels of from less than 1000 ppm o less than 1O ppm total dioxins
(Cochrane ¢t al, 1982), The authors of this study analyzed 2,4-D as acid, ester, aod amine
formulations. The ester formulations contined the highest levels of dioxine. The masjority of
the dioxin congeners identified in 2,4-D by this smdy and others are considerably less toxic than
23,7.8-TCDD (e.g. 1,3,6.8-TCDD), ot not toxic (dicxing with 1-3 chiesines).

While the dichloropheno! from which 2.4-D is derived is not normally contaminated
wid} 2,3,7,8-TCDD, isolated cases of 2.3,7.8-TCDD contamination \éf 24-D may have occumred
when equipment formerly used to process 2,4,5-T was used o produce 2.4-D (USEPA, 1986: pp
3.21-3.23). The contaminated equipment would not be expected to contribute more than very
low levels of 2,3,7,8-TCDD in the first few bawches of 2,4-D.

" In Canada, an anmul prodiction of § million kg of 24-D was estimaied 10 be the
smmo(9kgofdinximwidlﬁ'om2—4chhinu.ﬂosine.l983). In the U.S,, 7.1 million kg
of amine formulations of 2,4-D were produced in 1986, and 6 million kg sold (U.S. Department
of Commerce, 1987), No ester formulations were produced in the U.S. in 1986, but 3.7 million
kg were sold. Because the kvel of production is similar (o that in Canada, { assume it 1o be
the source of a similar amowunt of dioxins, As in 2.4,5-T, dioxins in 2,4-D are present in 2
solveat (the hesbicide) and therefors may be broken down by sunlight soon after their
application. This possibility, along with proper disposal of the wastes from the production of
2,4-D, make it probable that the production of 2,4-D is a relatively umimporamt source of
dioxins in the environment.

Chigrophenoly

Chiorophenols are a principal ingredient in the processes used to msufacture many of
the above chemicals. They or their denivatives are wsed 10 preserve wood and drilling muds,
and as biocides for process and cooling wasers in some indusmries. Soms of (beso uses may be
phased out i the ncar fuwre, In the pest, chiorophenols and their derivatives have been used to
preserve hides, teatiles, paints, glues, and other materials, as disinfectants, and as bixides in
fluids that aid in the cutting of metals,
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Chiorophenots with one of two chlorines (chiorophenol and dichlorophenol) have rarely
been found 10 B contaminmied with dioxing or (umns, Chiorophenc!s with dwes or more
chiorines have been found to be contaminazed with many congeners of dioxing sad fizans, and
243-trichiorophennl iy atways conaminsed with 2,3,73-TCDD (pers. comm., Rolf Harnmg,
University of Michigan), Chloropheanls with four ar fewer chiorines are no looger produced in
the US, (pers. comim., John Wilkinson, Vulkcan Chemiculs). Thers is only ons cument
manufacnrer of peatachiorophenc! in the US.. and penachlorophenol and a product made from
peatachiorophenod, sodium pentachlarophenate, are used almost entirely to preserve wood or
prevent wood smining (USEPA, 1984 pp 3.17-21; USEPA, 1988a; pp 532856-7).
Peneachlovophencl has been commercially produced by two besic methods: the
hydrolysis of hexachlorobenzene or the direct chiorimation of phenol (Esposito et al, 1980: pp

73-83), Although both methods result in the (ormation of dioxins and fursns, the hydrolysis of

hexachlorobenzene can result in higher levels of dioxins and furans that am of mont concem. In
the U.S., peniachlorophenol has always been produced by the direct chlorimation of phenal
(Esposilo et al, 1980: pp 78-88).

The USEPA has repored that solutions of U.S.-produced peatachlorophenol in use at
wood-preserving facilities average approximately 300 ppb towl dicxins and furens, in 2,3,7.8-
TCDD equivalents (USEPA, 1988a: p 53301). 23.7.8-submituted hexa-CDDs are responsible

for most of this calculaied toxicity, and in the past were thought to be responsible for

pentachkwophenol’s demorstrated tonicity, However, the results of » recemt bicassay (NTP,
1988) showed that pentachlorophenol alons is a carcinogen in mice, and the presence of 10 ppm
hexa-CDDs in the pentachiorophennl made littie or no difference. 23,7 8-substitnted diaxins
and fumns with fewes than six chlorines ace present in peatachlorophenol caly & vety low
detectabls levels o below the limits of detection, Tetra-dioxins, including 2,3,7,8-TCDD, have
not been detected in rumerous anelyses of U.S.-produced pentachlorophenol (pers. comre., PE.
des Rosiers, USEPA).

A reccot and paticularly sepsitive -analysis of 10-yesr old pestachloropbenols and
sodium pentachlorophenates, manufactured in Ewrops by the hydrolysis of hexachlorobenzene,
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found very low ppb and pot levels of 2,3,7,3-subszituted tetra- and pents- dioxing snd furans, in
addition © 2,3,78-substituted dioxins ad furgng with six or mors chiovines (Hagenmaier and
Brunner, 1987). However, the low levels would have litle impact on the estimated overall
toxicity of the products; it would not differ significanly from that of US.-produced
pentachlorophenols.

Hagenmizer and Brunner (1987) poswmlated that, in West Germany, the production and
use of pentachloropheno! and sodium pentachlorophenats may be, or have been in the past, the
predominant source of dioxins and furans in their environment The USEPA considers the
w;sm from wood-treatment facilities and sawmills o be sources of significant eavirnmental
contaminasion, and for that reason has regulaied or propoted o regulate such wastes as
hazardous (see “Whag Has Been Done About Dioxins and Furans?®, page 69). It should be
pointed out that alternative wood preservanves (creosoies and inorgrmic azrsenicals) are
considered human carcinogens (USEPA, 1988a), and a study by Campegie-Mellon Unriversity
conciuded that pentachlorophennis are the safest wood preservatives svailable (Canegie-Mellon
University, 1932).

Chlorophenols, especially 2,4,5-trichlorophenol, were probebly sources of large
quantities of 2,3,7,8-substinuted diaxins and furans in the past (Tosine, 1983; Hutringer, 1985),
and many contaminated sites remain from this em.  However, levels of chinrophenol production
and contamination have been greatly redoced Based oo a meal amnual production of
pentachiorophenal in North America of 11 miltion kg (USEPA, 1988s), and an sversgs 23,78

* TCDD- equivalent content of 300 ppb, this production wouid be the sowmos of 33 kg of 2,3,7.8-

TCDD equivalents annully in North Americe, Mos of this amount is present in used
peatachlorophenol, and is incincrased as & hazardous wase.
Polvehiorinzied benzenes

Polychiorinated benzenes havo been used 23 biocides, solvents, and in electrical and
chemical industries. They were often mixed with PCBs in diclectric fluids. Digwins and fursny
have been found in some chiorobenzencs at ppb snd ppm levels, although oo infarmation is
avzilabla on the specific types (reviewed in Heindl and Hutzinger, 1986).
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Dinhenyl ether herbicid

Diphenyl ether herbicides can bo derived from trichlorophenol and s variety of dioxins
and furzns were found fn dhree types of diphenyl cther herbicides in one smdy (Yamagishi et
al, 1981, cited in Rappe, 198¢: p 83a). Total concentration of dioxine and furas ranged from
less then 2 ppm (o sbout 50 ppm.  No 2.3,7,8-TCDD was found and the few individmal
Hexachlorocyclohexane

Hexachlorocyclohexane is used primarily to produce the insecticide Lindane. Dioxins
and furans are apperendy fommed by this process, and the waste has been found 0 be
contaminated with ppm levels of dioxins and furans, including ppb levels of 2.3,7.8-substituted
congeners (Scholz and Engler, 1987), The significance of this source is not known.

Baper mills and products

Pulp and peper mills that use g chlorine bleaching process have been idemified as
sources of dioxins and furens, Dicxins and (urans gre believed w be formed when naturally
m&mmmmmmﬁmmmmmmuum .
operations in the manufacamre of pulp (Beck et al, 1988). A preliminary swdy by the USEPA
and the pulp and paper industry of five pulp and paper mills that use a chlorine’ bicaching
process, {ound that the wastewater effluent from these mills had concentrations of less than 1
ppt total dioxing and furens, 2id the sludge had concentraions of less than 1 ppb total dioxins
and furmns (Amendola et al, 1987).

Becanse of the large volums of effluents from pulp and paper mills snd the potential
for the accumulation of dioxins and furans in organisms, even thess low levels may poso
siniﬁumrishmwpimpupuulnﬂ:d’ﬂm As nowed exlier in this ceport, low
levels of 2,3,73-TCDD were found in fith downstresm from soms puip and psper mills and
these findings are of concem (o poople who est fish from these waters, The USEPA and the
pulp and peper industry have 2 more extensive smdy underway.

Rescarchers in Sweden determined that the isomeric patem of dioxins and furans from
pulp plants is exdly distinguishable from that of dioxins and fursns from incinerators (Swanson
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ct al, 1988). They found that crabs and sediments near the pulp mill had dioxing and furans
with an isomeric pattemn similar to that in pulp, which then changed o the incinerator pattem as
they moved gway from the mill. The authors estimated that the pulp indusry in Sweden was a
source of 5-15 grams of 2.3,7.8-TCDD equivalents per year, and reported thet the Swedish EPA
estimates 1 kg of 2.3,7.8-TCDD equivalents per year for all sources of dioxims and firens in
Sweden,

A swudy of West German paper producis such as newsprint, coffee filters, and recycled
paper found that they can contain a variety of forms of dioxins and furans. Total conceatrations
of dioxins and furans were below 1 ppb with concenmations of the more toxic congeners at
levels below 50 ppt (Beck et al., 1988). A smdy sponsored by the National Council of the
Peper Indusery for Air and Stream Improvement (NCASI) determined that contact with paper
products poses an insignificans health risk 0 humans (NCASI, 19872), However, sudies by
rescarchers in Canada suggest that cardboard carmons made of bleached pulp czn wansmit dioxins
and furans (o cerain food products, such as milk (Ryan et al, 1988). Any such assessments
include a large number of imcertainties, and fusther research is necessary.

What products can produce dioxiva and furans when they are burned?

Dioxins and furans can be formed when many materials contzining some fam of
chiorine are bumed, or when cennin materials are bumed in the presence of chiorine. The
amount and kind of dioxins and furans prodoced varies grestly with the somce and conditions.
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PCBs

polybrominaied biphenyls (PBBs) Dionina and Furans
mlyhuny'nwd diphenyl ethers (PBDES)

polychloringted diphenyl ethers (PCDEs)

chiorophenals

polyvinyl chloride (PYC)
Leaded gasolines

Note: When a material is bumed in the laboratory 1o determine whether it is capable of
producing dioxins and furans, it is typically bumed under those cooditions mosmt likely o
produce dioxins and furans, or that produce the largest quaniity of dioxins and furans,
Therefore, the same substance may produce much smaller amounts of diaxins and furans under
MumnmmﬁarmammmwymnMMumofumm
PCBs

PCBs are fire-resistant compounds and do not readily support combustion,  Howeves, if
they are incompletely bumned in fires fueled by other materigls, {urans may be formed. More
than | ppm of each of the most wxic congeners of furans (4-7 chlorines -and 23,78 positions
filled) have boen produced by buming PCBs in the laboratory (Erickson et &L, 1984; Swanson ct
al,, 1985). Fircs tnvolving electical equipment have contaminated buildings and other places
with soot contining as much as 5000 pants per million total furans, including low ppm levels of
23,75-TCDF (Erickson et al, 1984; Rappe et al, 1983: p 121). In the US, PCBs are oo
longer produced or used in new equipment, and PCB-contining equipment in buildings is
subject to smict regulmion, However, lage numbers of transformers and capecitors with
PCB-contaminated diclectric fluids sre still in usa, snd these conmminased dielecric fluids can

producs furzns when they are bumad (Nasang et al, 1938).

Polybrominated biphenyls (PBEs) and polybrominated diphenyl ethers (FBDPEs) have
been widely used a8 flimo retandants in textiles, carpets, and plastics.  Although the sddition of
these substances makes prodicis such as clothing and carpets less susceptibie 1o igniting, the
materials can bam in a building firc of incinerzior. When bumed in the laboratory, they have
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produced bnxninatcd dioxins and Tunns, and smaller amounts of chlorinated dioxins and furans

if they are burned in the presence of some form of chlorine (Buser, 1986; 1987; Thoms et aL,

1987). (
Polychlorinated diphenyl ethers (PCDEs)

Polychlorinated diphenyl ethers (PCDEs) are used as herbicides and have been found as
low-level contaminants in chlorophenols (Soikkeli et al., 1986). When burned in (he laboratory,
(hey can produce significant amounts of dioxins and furans (Rappe, 1984: p 83a).

Chlorophenols

When burned, chlorophenols can produce significant amounts of dioxins and furans,
especially those with from 4-6 chlorines, and including the toxic 2J.7.8 congeners (Rappe et ai,
1978, Rappe et al, 1983: p 108). An unknown amount of chlorophenol-treated wood is
eventually burned, and may be a widespread source of significant amounts of dioxins and
furans. Current USEPA registration for pentachlotophenol used in wood treatment specifies that
the wood is not to be burned, although wood-treatment facilities may bum wood soap in high-
temperature boilers.

One study found that levels of octa-CDD were doubled when PCP-treated plywood was
burned, and dioxins with six and seven chlorines were also detected (Crosby et al, 1973).
Wood-treatment facilities often collect waste pentachlotophenol in ponds, and in the past they
periodically set fire to the ponds to reduce their volume. This practice generated large amounts
of dioxins and furans (P.E. des Rosters, USEPA, coed in USEPA. 1986: p 3-18).
TetachloroetfiYlcae and polvchlonnaied benzenes

Tetrachiorethylene and polychlorinated benzenes are used as cooling fluids in electrical
equipment, often in combination with PCBx When bunted in the laboratory, they can produce
furans and lesser amounts of dioxins, including the mo« toxic congeners (Erickson et al, 1984).
Polychlorinated benzenes produced less thsn 1/10th the amount of furans produced by PCBs,
and tetrachioroediylene produced less than 1/1000th. However, these are significant amounts
nonetheless.  Far example, polychlorinated benzenes are believed to be responsible for the

dioxin contamination of an office building in Binghamton, New York, after a transformer fire.
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The soot produced by this fire had 20 ppb towal dioxing, inctuding 0.6 ppd 23.78-TCDD
(Rappe et al, 1983: p 121).
Potvvigl chloride (PVC)

Polyvinyl chlacide (FVC) is a common plastic. When buned in the Iaboratory, it can
produce low ppb levels of dioxins and furans (Markiund et al, 198& p %). Large amoumts of

‘ PVC plastic are present in municipal waste, and are suspected of contributing t the dioxing and

furans emitied from incinerators,
Leaded gasoling
I Low levels of dioxins and furans have beca detected in motor oil and in the exhaust of
cars that use leaded gasoline (Masklund et al, 1987), but not cars that use unleaded gasoline.
The authors noted that dioxing and furans may be deswoyed in the camiytic convenors of the
cars bwming unleaded gasoline. Dioxins kave been found in mufflers from diesel tncks (Bumb
et al,, 1980), and dioxins and furans have been found in motor oils that are recycled from used
motor and other oils (Rotard et al,, 1987). Dichloro and dibvomo ethane (DCE and DBE) are
used as additives in leaded gasolines, and are thought to be the precursors to dioxins and fursns,
Leaded gasoline is a very widely used product, and therefore even the low levels
formed are poicntially important, [t was estimated that autos buming leaded gasoling in Sweden
produce emissions with a toal of 10-100 grzms of 23.7.8-TCDD equivalents per year
(Marklund ez al, 1987). Using their values (30-340 picograms of 2,3,7.3-TCDD
equivalentz/kilometer) and assuming their test sutos averaged 20 miles (32 kilometors) per gallon
of gasoline (the models were a Saab 900, 8 VW Golf, an Opel Kadet, and a Voivo 245), toul
emissions from U.S. utos ¢can be estimsied. Based on an average figure of zpproximately 57
million gallons of leaded gas wseéd per day in 1988 in the US. (pems. comm., American
Peyvleum Instimue), and the values above, auzos buming leaded gasoline in the US. may
produce emissioas with from (57 million gailons/day x 365 days x 32 kilometery/galion 2 30
piogramskilometer) to (57 million gallonsidayy x 365 days x 32 tilometer/gallon 2 540
picograms/kilometer), or 20 o 360 grams of 2,3,73-TCDD equivaients per year. Tho use of
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lcaded gasoline is sicadily decreasing in the US, and much of Europe, thus reducing the
contribution from this source.
The buming of diox: {6

The incinesation of dioxing and furans in the laboratory has produced other dioxins and
furans with fewer chlorines, For instance, incineration of octa-CDD or octs-CDF caa produce
dioxing or furans with from four to- seven chlosines (Marklund et al, 1986; Swanson et al,
1986). This is a potentially significant process becguse the toxicity of dioxins and furans
generally increases as the number of chlorines decreases from eight to four, Also, octa-CDD
and octa-CDF are ofien the most numerous types of dioxin or furan in contaminated products or

waste.
Does the burning of paper, wood, pest, or coal produce dioxins and furans?

Several studics have shown that wood, pext, and coal can produce dioxins and furans
when they are bumed. Apparenily, sammally occuoring pheaolic compounds in these substances
(lignins) can react with nanrally present chlorine to form chlorinated phenols, which then form
dioxins and furans (Beck et al., 1988). Measurements of dioxin and fursn emissions from coal.
and peat-fired power plants indicate that they emit only very small amounts of dioxins and
furans, perhaps in part becauss the combustion conditions are carefully controlled for high
efficiency (Kimble and Gross, 1980; Marklond et al, 1986; USEPA, 1987a: pp 4.1-26).

‘Likewise, the combusiion of paper hes been found to produco only very small amoumts of

dioxins and furans (Olic et al, 1982; USEPA, 1987x: pp 4.1-26).
The combustion of wood, on the other hand, is g poteotially significam source of
dioxing znd furans. Dioxins and (urans, incloding the most toxic congeners, have boen detocted

in small amounts in emissions from wood stoves and wood boilers (Nestrick and Lamperski,

1983; USEPA, 1987x: pp 4.1-26; Thoma, 1988), Becamss of the largs mumber of wood
combustion sources in the U.S,, this could be a significant source. }-lcm.mlymof!ah
sediments fom an island in Lake Superior did not find dioxins and furans in sediment layers
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from befare 1940, when wood combustion was prevalent in North Americs (Czoczwa and Hites,
1986).

Wood thit has been treased with pemachiorophenol or sodinm pentachiorophenats would
umuymnmdmmmmm However, the major use of
pentachlorophenol is for the reamens of wility poles, and few if soy are bumed in wood
SWves.

Do municipal incinerators produce dioxins and furans?

Municipal solid-waste incinerators are recognized as important sowrces of dioxins and
furans. They are found on the dust and in the gas emitted through the stacks oa the fly ash and
bouom ash thas is collecied and placed in landfilis; and in the scrubber wates that is part of the
emission control sysiem (Marklund et al, 1986; USEPA, 1987x: pp 4.1-26; Hirosa & al,
1987). While municipal incinersiors have been found to produce all types of dioxing znd furans
(Karasek and Hutringer, 1986), the amounus and disribution of the different dioxing and furens
produced by municipal incinerators vary widely snd therefore so do estimates of the amounts of
dioxins and furans produced in towal by menicipal solid-waste incineration, Incinerators operaed
under the proper condilions and equipped with the most modem emission control devices have
greatly reduced dioxin and furn emissions (Hay et al, 1987; USEPA, 1988b).

Rq;suaL(ww:pl&M)mmtunm-ﬁzdmmiﬁwsﬁdms
incinerator (which bums 50,000-200.000 tons of garbege per yewr), opevaling under normal
conditions, emits through the stack 1-100 grams of 2,3,7,8-TCDD equivalents per year (based on
a rnge of 1-100 nanograms of 2,3,7.8-TCDD equivalents per cubic merr of stack effluent).
This figure can thus be interpreted 23 § millionths (1/200000) to 2 thocsandthis (100/50000) of &
gam of 2378-TCOD equivaient emitted through' the stack per ton of garbegs bumned
According @ a recene USEPA report (USEPA, 1988b), 165 million tons of garbegs are
incinerated in the US. exch year. Using Rappe’s raage a3 given above, municipal incinerators
in the U.S. may be the source of from (¥ x 10-6 gramston x 16.5 x 10° tons) w0 2 x 10°
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grams/ion x 163 x 10* tons), or from 0.0825 10 33 kg of 2.3,7,8-TCDD equivalests per year,
distributed in their stack cffluents, This estimate does not take into account the dioxing and
furans in the bogom ash, fly ash, ind scrubber water, the majority of which are placed in
landfills. In Canada, dioxin and fursn emissions from municipal incinerators has been estimated
to be 6.3 kg/ycar TCDD equivalent in the fly ash, and 6.1 kgfyesr TCDD equivalents in the
stack emissions (Tosine, 1983).

A sindy in Swizzerland showed that (evels of dioxins and furans in cow milk were
higher in samples collected near incincrators (Rappe et al, 1987b). Howeves, in anothey study
(Rappe et al, 1987c), the avthors mention that while Sweden has 25-30 incinerators and
Yugoslavia has none, similar levels of dioxins and furans are found in human milk from these
countries. Apparently, incinerators are only one of many sources that comribute dioxins and

furans to the environment in these countries.

Do other large combustion sources prodoce dioxins and furans?

There are other potentially large combustion sorces of dioxins and furans, Hazardous
and hospital waste incincrators, sewage slndge incinerators, and smelters and mills that recycle
metals can all produce significant amounts of dicxins and furans, including the more toxic types
(USEPA, 1987a: pp 4.1-25; Clement ¢t al, 1987; Marklund ct al, 1986). The dioxin and furan
emistions from other large combustion sources have not been as well studied ag those from
municipal incinerasors. The available data indiczte that the emissions from & hazardous was or
sewage sludge incinerator ams of the same magnimde 21 & municipa] incinerstor (USEPA, 1987a:
pp 4.1425; Tsufi et al, 1987; Clement et al, 1987). Because there are many more large
industrisl combustion sowrces than municipal incinerasors, their total emissions of dioxins and
fursns could be greater than from municipal incinerars (Reppe, 1987).
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What about dioxins and (urzns from sewsge plants, waste sireams, and landfils?

Dioxing and f(urans have been found in sewage siudge from mumicipal waste-waier
ueatment plants in Germeny, in levels below 100 ppb (Hagenmaier et al, 1986). The toxic
varieties of dioxins and fursns were present at levels below 1 ppb. Based an a0 analysis of the
ratios of the various congeners of dioxing and furans present, the authors proposed that
penachlorophenol and its derivatives are the sowce of most of the dioxins and furars in the
sludge.

In addivon 10 the products themscives, the waste generated by the production of
chlosophenot-based products is a potentially important source of dioxins and furans. Tronically,
the conmamination of the wastes is thought 1o have increased significandy as a result of effonts
10 reduce the contamination of the products: the dioxins and furans were concentrated funher in
the wastes, Landfils that conwzin the wastes from the manufacarre of chiorophenols and
chiorophenal-based products, that contain PCBS, or that conain fly ash, are suspested sources of
dioxing and furans. The Love Canal and associated chemical landfills in New York, (or
example, have contaminated the adjacent Niggars River with dioxins, and the Venac
manufacwring and waste-disposal site .'in Jacksonville, Arkansas, has contaminated the nearby
Bayou Meto and Arskansas River., Also, sites where chlorophenols and chlorophenol-based
producis were manufacmied or processed ar¢ now considered sowces of dioxins and furans
(USEPA, 1987a: pp 1.1-26). As a result of whess incidenss, wasies containing dioxins and
furans have been disposed of much more carefully,

Are there otber processes that create diaxing and farans?

Itmmmmammmrmmu‘mmwmum(mu
called phowlysis) 1o other types of dioxins and furans with fewer chicrines. For example, the
octachlorodionin (OCDD), when exposed o UV light, can be broken down lo potentially more
toxic dionins with (ewer numbers of chiorinet (Craeby et al., 1971). Combustion processes
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often produce greazer amounts of octa-CDD than alf other dioxins combined, and it is ofien the
most commoa dioxin in chloophenois. However, tho photolysis would then ba expected to
continue, eventually breaking down any toxic varieties into much less toxic formse.

Photolysis can also form dioxins and furans from other compounds. Ii haa been shown
that a mixwre of polychlorinated benzenes and phenol, when exposed i UV light, can produce
furans (Choudhary et al., 1983). Both polychiorinated benzenes and phenoly are common
eavironmental contaminants. Also, the photolysis of chlorophenols has been shown to produce
0ca-CDD (USEPA, 1985: p 4.17). Thus, wood and other maerials preserved with
chlorophenols and exposed to sunlight may result in the formation of dioxins, The significance
of these photochemical processes is not yet known.

Conclusions oa sources of dioxins and fursns

There are many sources of dioxins and furans. Some of them, such as sources of
combustion, are widespread and numerous. Others, such as contaminated manufaciuring and
waste sites, are fewer in number and usually local problems. The significance of the
meﬂmunmmkamhmmﬂamdhﬁnmdﬁmismm
known, Alsu.mcnla.dveimpumofwhaxamsmbememmajumotdiom
and furans (chiorophenols and chlorophenol-besed peoducts, and sowces of combustion) is not
yet known

It is generally agreed that dioxins and firars in our eavironment come primarily from
recent human activities (chemical production and wse, incineration, automobiles). Czocrwa and
Hites (1985) analyzed sediment cores from the Grest Lakes and & Lake in Switzerand, Dioxing
and furans in thess sedimenis were at of below the limit of detaction wntil they reached the
layers depositad after zppraximately 1940, a time thas they say comesponds to the beginning of
large-scale manufactare and disposal (often by incineration) of chlorinated aromatic compounds.
Also, levels of dioxing and furans in human Gty tissae and breast milk from Norh Viemam are
the lowest yet measured while levels in South Viettam are similer to the US,, Jopan, and
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Europe (Schectzr et al, 1986 Rappe ct al., 1957c: p 233). This indicawes thas modem induszriat
activity, not the buming of wood, is the primary sowce of dicxins and furmns U the
eavironment, ’ I

There is same evidence that the amount of dioxins and fumans being released into the
environment reached a peak in the mid-19703 and has declined since. Thsdimemtm
anslyzed by Croczwa and Hites (1986) showed such 2 tend. An analysis of breast milk in
Sweden also sppeared 1o show this dectine: the levels of dioxins and furans in combined
samples of breas: milk have dropped since the sudy was inifated in 1972 (Noren, 1988).
However, sudics of dicxins and furans in breast milk in Yugosiavia (1981 1 1987) and Japan
(1578 10 1984) do not show changes over time (reviewed in Lindsirom, 1988: p 36).

Dioxins and Furans 47

784148

GENP 011337



-

(i%

The Health Effects of Diaxins u.ul Furars, in Animals and Humans

What are the bealth’ effects on animals?

Some general feamres

Dioxins and furans have somo very unususl feanwes with respecs to their toxicity (o
animals. Animals given fatal doses of dioxins and furans do not dic immediately; several weeks
clapse between the administeation of the fatal dose and the death of the animal.  Also, many of
the acute (short-term) effects of leas than fatal dases are temporery. Whea the animal stops
receiving the substance, it recovers from most of the effects. The rate of recovery varies, and
some animals have required more than six months to retumn to normal (USEPA, 1985: p 8.48),

The toxicity of dioxins and furans is highly variable. They produce a wide specttum of
effects, involving many different organs and body systems, and the affected areas usually vary
with the species of animal. The toxicity of different dioxins and furans varies widely for a
given specics of animal, and the toxicity of a given dioxin ar furan varies widely between
different specics of animals, Ses Tabies 4 and S (or acuizly lethal (causes death quickly) doses
of 2,3,7.8-TCDD for a varicty of specics.  Finally, some individuals of a sensitive specics (rats
oc mice, for example) do not die even when given doses as much as 100 times greater than the
amount that is fatal to the other individuals in the same study.
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(from USEPA, 1985, Table 3.1)

Species Geader Doss micrograms per kg of
body weight (ug/kg)

Guinea Pig Male 0521 '

Guinea Pig Female 2519

Rat Male 73

Rat Female 4s

Monkey Female <70

Rabbit Male 115

Rabbit Female 1s

Mouss Male 114-285

Mouse Femalo 450

Hamster Male 1157-5051

Note: The lethal values above represent doses that cansed the death of 50 percent of the test
animals, Such a value is known as an LD$0, and is a standard endpoint in

aquatic animals, different concentrations of the substance in water are used, instzad o

The concentration thar causes death of 50 percent of the test enimals is called the LC50 (see
table below)., There are also studics that use different endpoints, such as LD9S or LC9S, where
95 percent of the test animals die.

' (reviewed in Kemga and Nowris, 1983)

Species Concentrstion in Water (ug/liter) Duration (days)
Channel Catfish 0.0042 (4.2 ppt) 15
Coho Salmon 0.0056 (5.6 ppt) 13
Guppy 0.1-10 (ppb) 5
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Gencrally speaking, all toxic members of the dioxin and fizan families produce similas
cffects in a given specics of animal, and severzl effects are common 1 al]l mammals that
receive & lethal dose of these compounds.  Although mest studies of the effecs of dioxing and
furans on laboratocy animais have been done using 2,3,7,8-TCDD, these sindies can be used to
predict the toxic effects of ouher dioxins and furans. The chief differencs is that 8 greater dose
of other dioxins or furans is necessary 0 produce the sams effects. Many dioxins and furans,
are 30 much less toxic than 2,3,7,8-TCDD that an experiment would require an impracticably
large dose 0 produce Icthal effecte,

Long-iam studics of mice and rats have shown that there are doses of 23,7,8-TCDD
that produce no observed cffects on the animals, cven afier recciving the substance for two
years. The USEPA estimawe the No Observed Adverse Elfects Level (NOAEL) for toxic
cffects other than cancer 1 be approximarely 0.001 ug/kg/day for both mice and rats. They alto
cited a need for long-term studies using lower doses (USEPA, 198S: p 14.10); some rescarchers
feel that this dose can produce adverse reproductive effects (USEPA, 1985: p 14.10), and is
therefore 2 Lowest Obscrved Adverse Effect Level (LOAEL), See Tables 6, 7, and 3 for
NOAELSs and LOAELS for other species. Also, the toxicity of 2,3,7,8-TCDD is at lesst parially
cumulative; a smalier dose than the acutely lethal dose can cause lethal effects if the smailer
doss is ngen for a longer period of time (McConnell, 1980: pp 110-111),

et g0

At O, Lo lose with an observed 2
{from USEPA, 1985, Tables 84, 8-5)

Species Dose Durstion Effects

" Ra 0.01 ug/kg/day 2 yeas Liver damage
Mouse 0.001 ug/kg/dsy { yorr Sevenl
Guinea Pig 0.006 ug/kg/day 8 weeks Seven!

(For the studies above, the animals received 2,3,7.8-TCDD in their food or were forco-fed
2,3,73-TCDD once per week in a mediumn such 23 corm oil)
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Species Coctentration in Weter Duration Effect
ug/liter (ppb) days
Northern Pike (eggs)” 0.0001 (0.1 ppe) 4 Lowered Swvival
Rainbow Trout® 0.0001 (0.1 pp) 4 Lowered Survival
Fathead Minnows™ 0.0017 (1.7 ppt) 28 Lowered Survival
¢ (Helder, 1952)
o (W, Adams, et al, 1986)
able 8, Highest concentration 1 DO Ohs:

(reviewed in Kenaga and Norris, 1983

Species Concentration in Water Duration

ugfliter (ppb) days

Coho Salmon 0.00056 (0.56 ppx) 4

Rainbow Trout 0.0001 (0.1 ppt) 4

Mosgquito larvae 02 17

(Acdes acgypti)

Daphnia 133 32

(Qaphnia magna)

Alga 1.33 32

(Cedogani i )

The.short-tarm health ffects on animala

All mammals given an acutely lechal dose of a dioxin or foran soffer fom waxing

(losing weight), and it is sometimes the oaly effect leading w0 death, The animals simply wasts

away,
weight,
animals

This occurs primarily becanse the snimals do not eat cocugh food © meintxin their
Apparently, the animals’ incemal weight "seuting® is lowered below nonnal, gnd 0 the
do not eat enough food. However, thers is evidenco that this reduction of nourishiment

is not entirely responsible for th weight loss. Resexrchers who forco-fed the animals could

prevent
1980).

some of the weight loss, but not all, and the snimals died anyway (Gasiewicz ¢t al,
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The thymus is affected in all mammals exposed 0 & toxic dose, and the Liver is affeciod
in most mammals. The thysmws, and 10 & lesser extent the sploen and lymph nodes, typically
suffer damage and 2 reduction in size, while the liver typically suffers damage and an increass
in size. In rodents, liver damage is suspected to bo a principle cause of death. Skin disorders
have occurred in rabbils, monkeys, catle, and hairfess mice. The effects include scvere acne,
thickening of the eyelid, and abnonmal growth or koss of hair, fingermails, toenails, or hogves.
Dioxins and furans have also affected the cardiovascolar system, gasmointestinal and urinary
tracts, spleen, bone mammow, and gallbladder of animals.

For reviews of the above hcalth effecis, ses Gupta et al, 1973; Poland and Kautson,
1982; USEPA, 1985.

Cancers

23.7.8-TCDD is a carcinogen in mice and rats, when fed to the znimal or applied to
the skin. Two-year sudies ai Dow Chemical Corporation (Kociba et sl 1978) and at the
National Cancer Instituts (NTP, 1980a; 1980b) found incressed cancers of soveral types,
resulting. from chronic (long-term) doses as low as 001 ug/kg/day. Rats fed this dose for two
years had, at the end of the Dow study, 1700 ppe 2,3,7,8-TCDD in their fa. Tha rats fed this
dose also suffered increased mormlity, decreased weight gain, and increased excretion of
porphyrins (a pigment produced by the liver which indicates liver damage). Rars fed 0.001
ug/kp/day suffered no health effects of consequence, and had 540 ppt 23,78-TCDD in their
bady fat at the end of the swdy. ’

Loog-em studies have also been condocted csing & mixtre of two hexs-CDDs, both
containing chiorine atoms in the 2,3,7,and 8 positions (NTP, 1980c; 1980d. The mixoxwo cansed
liver tymars in boch mice and rats whea administered onlly in doses of 2.5-5.0 ug/kg/week (for
femalo us), 5.0 ug/kg/week (for male mice and rat), tnd 100 eg/kg/week (for femals mice),
but not at lower dasca, The mixmire was not carcinogenic when 0.1 ug was spplied to the skin
thres times per week, )

Many researchers have conciuded that 2,3,7,8-TCDD is a promoting, rather than an
initisting, cxrcinogen. A promoter provides s favorsble environment for tumor growth, while an
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initiawe produces 3 change in DNA that causes wmorous growth Tumor promotion is
reversibls 2nd is not inberited, whilo mumor initistion is not reversible and is petsed on through
cell division (Pausienbach ¢ al, 1986). Pitot e1 al (1980) used diethylnitrosamine to initizte
wmors in mice, and found that 2.3,78-TCDD promoted the growth of the initiated tumors.
Alm, Kouri et al (1978) used 3-methykcholanthrens 0 injtizte subcutsneous tzmors in mice,
and found that 2,3,7,3-TCDD promoted the growth of these umars.

Reproductive cffects

Dioxins and furans appess to be especially toxic 10 embryos and fetases, and the
reproductive system of adult animals appears © be especially sensitive as well. Mice and ras
have produced litiers with abnormally high rates of birth defeczs such as cleft palates, extra ribs,
and deformed livers and kidneys, after receiving doses of 2.3.7.3-TCDD as low as 0.01
ug/kg/day, or a single dose of 1 ug/kg (reviewed in USEPA, 19385%: pp 9.1-23). Reproductive
effects such as smaller litters, lower birth weights, and premawre abortions have been reported
in monkeys and [erreis, as well as in ras and mice, that were administered 2,3,7,8-TCDD,
When 23,7,8-TCDD was fed continuously to three generations of laboraiory rats, reproduction
was impaired by a dose of 0.01 ughkg/day, but not 0.001 ug/kg/day (reviewed in USEPA, 1985:
p D.I). Female Rhesus monkeys suffercd reduced fertility after being fed 0.0015 ugikg/day
2,7,8-TCDD (reviewed in USEPA, 1985: p D.1).

These cifects have only been observed when the embryo or mother was exposed to
23,78-TCDD, and appear 0 be the result of direct exposure or transfer of the toxin from
mother (0 embryo across the placenta,  Bisth defests have not been associsted with exposure
mymwrm.mmwmmmmﬁymmmumn
23,78-TCDD (reviewed in Kamrin and Matrmura, 1985; reviewed in Silbergeld and Matison,
1987: p 137). However, 23,78-TCDD can reduce the weight of (exies, lower levels of
testosterone, and impair the developmem of sperm, in rodents, monkeys, and chickens (reviewed
in Polend and Knutson, 1982: p 524).
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Mutagenic effects

An importark question about any toxic substance is whether it causes changes in the
DNA of exposed onganisms, because such changes can then causs cellulsr mumtions, Such a
substance is called 3 mutagen. A small aumber of early studies found 2,3,78-TCDD © be a
weak mutagen, while many subsequen: stodies have detected no evidenco of mutgenicity, Most
msearchers have concluded that 2.3,78-TCDD is not a momgen (reviewed in Hay, 1984;
roviewed in Poland asd Knulson, 1962: p 525).

Immune effects

23,7,8-TCDD has been shown to inhibit the immune system of mice, rats, and guinea
pigs, at doscs much below the fatal level. The thymus, spicen, and booe marrow have all been
shown w0 suffcr loss of tissue, and he enzyme immune system and cell immune system which

normally react (0 a potentiaily toxic substance are inhibited (reviewed in Poland end Kautson,

1982; p 522; reviewed in USEPA, 1985: pp 8.85-86). Similar responscs have teen observed
with 2.3,7,3-TCDF, a doses thirty times higher than for 23,7.8-TCDD. The effects of the
2,3,78-TCOF disappeared six weeks afier dosing ended (Vecchi et al, 1983).

Effects ap blood constiwents

23.7.8-TCDD and 2,3,7.8-TCDF have been shown o affect a variety of constituents in

the blood of test animals. 23.7,3-TCDD has bren shawn (o reduce the number of red and

white blood cells (Kociba et al., 1978), chiange the level of blood lizids sach ss miglycerides and
esters, and change the levels of thyroid hormones such as thyroxine and thyrotropin (reviewed in
Poland and Koutson, 1282:»526-529). Blood levels of progesterond and estrogen decreased
in Rhesus monkeys fed 23,78-TCDD, and blood levels of testosterone decressed in rats
{reviewed in Peerson et al, 1984). 23,78-TCDF has been shown (o incresse the level of

mwmmmmwmwmmmmmmm

et al, 1979).
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Are dioxins and furans hazardous to organisms in the enviroament?

Very linle is known about the impact of diocxins and furans on organisms in the
environment, especially at low levels, Many animals died after being exposed to relatively high
levels of dioxins and furans, as a result of the accidental contamination of areas surrounding
Seveso, ltaly, and Times Beach, Missowri (reviewed in Reggiani, 1980: pp 318, 325). It was
reported that six months after the Seveso accident, normal populations of wild and domestic
animals were present in the contaminated area, and appeared 10 be in‘good health (Homberger ct
al, 1983, cited in OME, 198S5: p 3.92). Fourteen rabbits from the zone of highest
contamination were callected, sacrificed, and examined, three months after the accident.  All had
more than 300 ppb 2,3,7.8-TCDD in their livers, and 5 showed evidence of liver damage.

Blood constiuents were normal in all 14 rabbits, and no other health problems were observed

(Abbruzzi ¢t al,, 1977, cited in OME, 1985: p 3.92),

23,7.8-TCDD is also suspecied of causing reproductive failure in fish-eating birds of
Lake Erie and Lake Ontario (Gilbertson and Fox, 1983). The reproductive failure was primarily
the result of unusually high embryo and chick morality. A study of several gull colonies found
thar the cmbeyos and chicks were suffering from chick edema disease and hepatic porphyria,
which are both indicators of poisoning by dioxins, furang, and related compounds such as PCBs.
Relatively high levels of 23,7.8-TCDD were later detected in gulls from Lakes Ontario and Erie
(Norstrom :et al., 1982). Other contaminants such as PCBs, DDT; and hexachlorobenzene were
also detected in relatively high levels in these birds, and may have been responsible for these
health effects.

Several environmental studies of orgeniems exposed 0 2.3,7,8-TCDD and other dioxins
and furans have found little or no health effects. A 15-year study of beachmice at a highly
contaminated sits in Florida (Young et al, 1987) found that the 1 ppb levels of 2,3,7,8.-TCDD
in the soil had no cbservable effect on the bithrate of the mice, and enlarged livers was the
only cbserved effect.  Also, NCASI spensored a five-month study of plants and animals exposed
to dioxins and furans from paper sludge spread oo a pine plantation (NCASI, 1987b). The 10
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ppt 23.78-TCDD  and 100 ppe 2,3.7.8-TCDF in soil had no observablo cffects oa the health
and reproduction of the organisms studied. More snidies of the enviroamental effects of dioxins
and furgns are needed.

What are the pharmacokinetics of dioxins and fursns?

[n order to understand why many dioxing and furans accumulate and persist in animals
and humans exposed to them, why the processes vary with the type of diozin or firan, and how
these characteristics relate to the varying toxicity of dioxins and furans, it is helpful to know
something about the pharmocokinetics of diomins and furans (thci;- absorption, diswribution,
mewbolism, accumulation, and climination, in animats and humans).

Dioxins and furans are intermediate in their affinity for fat (this is known as lipid-
solubility). They are saluble encugh to be readily absorbed through the walls of the digestive
trece, but not so lipid-soluble that, onca absorbed, they are found only in the adipose (fany)
tissues of the body. They are also found in the liver and in other organs. Adipose tissus is the
body’s storage depet. and substances there are "in limbo®, They are not interacting with the
mechanisms hat cause effects {toxic or otherwise), noc with the mechanisms that metabolize the
substances. Therefore, the intemmediase lipid-solubility of dioxins and furans makes it poasible
for them 10 persist in the body and be availsble v the mechanisms that czuse toxic cffects
(Mazthews and Bimbaunm, 1983),

Studies with rodents show that 23,78-TCDD is . absorbed primarily through the
gastrointestinal tract, and to a much lesser extent twough the skin and lungs. Whea 2.3.7.8-
TCDD was administered orally in food or in com oil, from 50-90% of the amount was then
absorbed through the gastroiniestinal tract (reviewed in USEPA, 1985: p 7.2). When zpplied to
the skin in a soivent such as methanol, from 1-10% was absorbed. The absorbed 2.3,7,8-TCDD
is diswibuted rapidly 10 many pans of the body, but the major sites of storage are almon
entirely the liver and the faity tissues (revicwed in Gasiewicz et al., 1983). The sises of storage
vary somewhat with the species. 23,7,8-TCDD is stored in its original farm, not as a changed
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product of metabolism. Apparently, metabolites are excreted once they are formed. It appears
that the absorption of dioning and furans decreases a3 the number of chlorines increases
{reviewed in Matthews and Bimbsum, 1983).

The metsbolism of 2,3,7,8-TCDD has been studied primarily in rodemes. Metabolism is
affectzd by the number sad position of chiorine atorny (reviewed in Maghews and Bimbaum,
1983). The critical factor for mewabolism is the presence of two adjacert unsubstituted carbon
atoms (not atached to a chlorine or other atom). When chlorines fill the 2.3,7, and 8 pasitions,
madjacmumbsﬁmwdcarbonammlef;mﬂudhﬂnorfﬁnmdemb.arﬂvayIiule
metabolism takes place. A year after people in Japan ingested & number of different types of
furans that were accidemally present in rice oil (known as the *Yusho® incident), no furans with
adjacent unsubstituted carbon aoms remained in their tissues, Apparently, these types had been
metabolized and excreted (Rappe et al., 1979, cited in Mauhews and Bimbanm, 1933). Furans
with the 2,3,7, and 8 positions filled were still present in the tssuts. [n the general population,
the only dioxing and furans found in people are those that are 2,3,7.3-substimad (Ry=n, 1986).

The accumulation of dioxing and fursns is the product of absorption and metmbolism,
and varies with the typs of dioxin or fursn. For instance; studies with carp and rodeats have
shown that they prefereniially absorb those types with the 2,3,7,and 8 positions filled, and they
absorh a greater proportion of the available dioxin or furan as the number of chiorines decreases
(Kuchl eg al, 1986; 1987a; 1987b; Opperhuizen ¢t al, 1986 van den Berg ot al, 1986).
Although relatively small amouns of hepa- and octa-CDD/CDFs are absorbed, these smaller
amounts accumulate and persigt in the bady for longer periads of time,

23,7.8-TCDD has been climinstad slowly from the bodies of exposed animals: the
half-life varies from 10 days w0 approximately one year, depending oa the species, In humans,
23,78-TCDD appears (0 be eliminated quits slowly. Basod on the ae of dissppearance of ane
billionth of a grem of sell-ingested 23.78-TCDD, Poiger and. Schiager (1986) estimaie a
haif-tife of sbout six years. They also found that the dioxin waa distribued quickly in the
blood sand sored almost enirely in ths fay tisges. A half-life of aboog seven years was
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estimated by rescarchers (rom the CDC, based on mezsarements of 2,3,7.8-TCDD in the blood
of Ranch Hand personnel (Pirkls et al., cited in CDC, 1988),

Recent work with pharmacokinetic models soggests that the half-life of 2,3,78-TCDD is
inversely related 0 its concentration in human fanty tissue (Kissel and Robarge, 1988). They
predict that the half-life is 4.4 years when 2,3,7.8-TCDD is present in fatty tissoe ot 100 ppe,
but increases W 20 ycars as the tissue conceniration approsches 10 ppe (2 cypical level in a
person (rom an indusicial country).

, The rate of climination of dioxiny and furans increases as the number of chlosines
decreases (reviewed in Manthews and Bimbaym, 1983; Kuehd et al., 1987b), and swdies with
rodents and fish have shown that furans are climinated more quickly than their counterpan
dioxins (van den Berg et al, 1983; Kueht eg al, 1987b). Appasently, 2.3,78-TCDD must be
metabolized 10 different compounds in order 10 be excreted in the urine and bile (reviewed in
Qlson ct al., 1983: p 97). However, unmewbolized 23,7 8-TCDD can be excreted in the feces
(USEPA, 1985: p 7.20) and in breast milk (Moore et al, 1976; van den Berg et al, 1986).
Studies of peopie exposcd to furans in the Yusho incident showed that the furans were also
stored in the fat tissue and in the liver, and were metabolized at 8 slightly fager rate than that
found for 2,3,7,8-TCDD, above (reviewed in Reggiani, 1983: pp 59-61). It hss also been shown
that nursing women’ excrese both dioxins and farans in their breast milk, and there s some
evidence that nursing can reduce the amounts of these compounds in the body (Noren, 1988;
Ogaki e1 al, 1987, reviewed in Lindstrom, 1988: p 34),

In some cases, the loxicity of a dioxin or fursn has been relsted 0 the raw of
metbolism. For instance, the wxicity of 23,78-TCDF (o different species was found to be
hvmlymmﬁmﬂmmemdmw&n(mmmmmdnmwﬁ).
Also, a swdy of 28-di-CDD in goldfish found that, when the metabolism of this dioxin was
prevenied, it was 1/4650th as toxic as 2,3,7,8-TCDD (Sijm and Opperhuizen, 1988), Normally,
23-di-CDD is mewbolized t00 quickly to accumulse, and is almest noawoxic. Metabolism
alone cannot explain the varying toxicities of dioxins and furars, however. For instance, rats
metabolize 2.3,7,.8-TCDD about Uves times (aster than do guinea pigs, yet the LDS0 for the rat
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is 3000 © 5000 times greater than that for the guinea pig (reviewed in Poland and Knutsen,
1982: p 521). Also, oc1a-CDD is metabolized very slowly (Bimbaum and Couture, 1988), yet is
very much less toxic than other dioxins and furans with chlorines in the 2,3,78 positions.

What are the effects of dioxins and furams om buitan health?

Qur undersanding of the effects of dioxing and furans on humans is not based on
controlled studies such as were done with animais. Instead, it is based on swdies of people
who wers inagvenzniy exposed to these substances, as a result of an accident, their occupation,
or other circumstances. This presents two major difficulties: 1) we cannot control and often do
not know the level of exposure (the dose); 2) people have almost never been exposed (o these
substances alone; the dioxing and furans have been mixed with other substances (PCBs, PBBs,
chlorophencis, chlorophenol-based herbicides, and so on).

These other substances have been shown to cause some of the same health effects as
dioxins and furans, but only when people have been exposed to much larger amounss. An
imp?mmdiﬂmbememmwmiwofdhximmtmmmmmbme
comparatively small amounts of dioxins and furans that can cause
serioug health effects. In most cases, the level of exposire 1o the other submances has been oo
low t0 cause such effects.

The health elfects of toxic substances cun be divided inta two major groups: 1) acute
(Mm)mmwmmmmmdmmmymnmqm«m
effects, which can occur anytime during the life of the person and can be persistent.  Cur
knowiedge of the acuie effects of dioxins and furans is based on studies of people who were
exposed 0 pelaively large amounts, ususlly as a resuit of an indusmial accident Our
knowledge of the chronic effects of dioxins and firans is based on long-term sdies of these
same groups of people, or smdies of people expoted to relatively small amounts for a long
period of time. Wimmtong-umsmdiu.ilisn;aedifﬁmhmmmthecmfoMing
effécts of exposure 10 organic chemicals other than dioxins.
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The shog-term heaith cffccts on humana
Dioxins and furans Rave caused 2 host of reported acute effects on peopls who wers

expased to relatively high levels, The repored clinical symptoms (directly obscrvabie or felt by
the patient) include nausca and vomiting, headaches, imimtion of the eyes, skin, and
gastroimestinal tract, and a general feeling of not being well. Pain, especially in the limbs, has
been reporied as persisting for months, as has an enlarged and tender liver, and irritabilily and
NEIVOUSIICSS. Thcmismdocmmntgdcasenfapamndyingbecmofexmmdioxim
and furans,

In addition to the clinical symptoms, there are reported cffects detectable by laboratocy
tests or swdy. They include liver damage, elevated levels of constituents of the blood such as
triglycerides and lipids, and damage to the nerve fibers, Although mast people recover quickly
from the acute effects of dioxing and furans, there arc reports that some of these effects have
lasted foc months or years. For reviews of the acute human health cffects of dioxins and furans
see USEPA (1985: pp 8.60-8.65); Hay (1982); Reggizni (1982).

The long-1em health effects on humans

The most comman chronic effect of exposure to dioxins and furzns is severe 2nd
persistent acne, called chloracne, which can occur in many pans of the body, Excessive body
hair and pigmentation, and elevated levels of blood constituents such a3 triglycerides,
cholesierol, liver enzymes, and porphyrins have also been reposted several years after the high
cxposure. Nerve disorders have been reported, including problems with or loss of some vision,
hearing, taste, and smell. Also, general weakness and a foss of sexual drive has been reposted
to occur for some years after high exposure,

The reported symptoms and effects of caposmre to dioxins and furans have been
inconsistent, with the exception of chioracns; ﬁmvu.inmostmnuh:gedandla
damaged liver and newromuscular sympioms have also been reported. For reviews of the
chronic human health effects of dioxins and furans, seo USEPA (1985: pp 8.45-8.69); Hay
(1982); Reggiani (1982).
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Cancery.

A few epidemiologic studies have fourd sn association between cancers and
occupational exposure to dioxiny and furans, The studies thet ane generally considered o offer
the best evidence were carfied out in Sweden.  Abnormally high levels of a rare type of cancer,
called soft-tissue sarcoma, were found in men who were exposed to chlormophenols and
chlorophenal-tased herbicides (reviswed in Hardell, 1983). The Swedish studies have been
criticized for unreliable diagnosis of soft-tissue tarcoma (Hajdu, 1984), and for relying on the
workers' memory of \heir exposure 10 the substances (Cook, 1983). In general, the diagnosis
and classification of this rare type of cancer is difficult, and relying on memory for an appraisal
of a subject’s healih is an admittcd weakness.

Similar studies havs since been conducted in several countries, and no such association
has been found (reviewed in USEPA, 1985: 11.64-91). Several of these smudies are not
consideced sensitive cnough to detest the small numbers of a cancer as rare as soft-lissue
sarcoma (reviewed in USEPA, 1985: 11.64-91).

Aftcr the Swedish resuits were published, a review of the medical history of men in the
US. who were occupationaily exposed 10 chiotnphenol-based chemical products showed an
abnormally high number (seven cases) of soft-tissue sarcomas (Honchar and Halperin, 1981).
. The authors of the U.S. review subsequeady helped 10 recxamine the data, and they determined
that only two of (he seven workers were both 1) exposed Lo dioxin- and furancontaminated
producs and 2) correciy diagnosed as having soft-tissye sarcoma (Fingertug et al, 1984).
Nevertheless, 1wo caces atill represents 3 significandy higher number of saft-tissue sarcomas far
this group (USEPA, 198.5: p 1191). A similar study in Sweden found no association between
raes of soft-tissue sarcoms and exposure to pheaoxy-acid herbicides, among 350,000 Swedish
agricultural or foresiry workers, whea compared W 1.7 million Swedish workers in other
industries (Wikiund and Holm, 1986, cited in Fishbein, 1987). '

In their 1985 Health Assessment for dioxing, the USEPA staied that the Swedish studies
offer "limited™ evidence for the carcinogenicity of dioxin-contaminated chlorphenols and
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chlorinated phenosyacetic herbicides (such as 2.4.5-T), but "inadequate® evidence for the
carcinogenicity of 2,3,7,8-TCDD alone (USEPA, 1983: p 11.138-140),

Inaddiﬁmmdwmmm"' besween exposure to dioxin- and furan-contaminated
products and soft-tissue sarcomas, 3 few researchers have reported finding such an association
with nasal cancer (reviewed in Hardell, 1983), siomach cancer (reviewed in USEPA, 1985: pp
98-107), and cancer of circulating cells (reviewed in USEPA, 1985: pp 92-98; reviewed in
Hardell, 1983), Similar, swdics of workers expased to dioxin- and (uran-conuaminated products
have not found clevated levels of cancers (reviewed in Reggiani, 1983: p 483). The USEPA
Health Assessmenz considered the available evidence for these odier cancers to be inadequate,
and this is an opinion shared by a majarity of researchers.

The great majority of researchers in the field of taxicology oc epidemiology feel that the
numerous studics of the human carcinogenicity of dioxins and furans have provided inadequae
evidence that they cause cancer in humand, Based on the epidemiclogical evidence and the
mugemmweﬁnxmmrnmagmmmmmmmmrm
are suspected human carcinogens. ’

Abortions, bigh def

A small number of researchers have t‘uundanas&nﬁmionbeme;nummZJ.T,S-
TCDD-conaminated products and abnamally“high levels of abortions or bisth defects (reviewed
in USEPA, 1985: pp 923-36; reviewed in Haxh, 1984; Albenese, 1988), Children of motbers
who consumed rice ol conaminaed with PCBs and furans (the Yusho incident) wers bom with
dark pigmentation and deformed fingermails (reviewed in Kuramune, 1930: p 299). Some of
mmmmrmmMmam It has generally been concluded
mmmmqumdrm(xmm.aausm Other rescarchers conducting
similer studics have found no such essocintion (reviewed in USEPA, 1985: pp 9.23-36; reviewed
in Haxch, 1984; Mastraiacovo et ab, 1988). Many of these smdies have beea Largely discounted
beczuse of weaknesses in the methodology (USEPA, 1985: pp 923.36).

There is thus far inconclusive evidencc of an association between dioxins and furany
and abortions, and an association with birth defects was detected only in the rare circumstance
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where the mother was exposed to extremely large amounts while pregnant ((he Yusho incident),
If thess substances are capsble of causing such effects on humans, then either the level of
exposurs must be extremely high, or they causs rare types of birth defecty that researchers have
aot been able o detect in significant numbers. Again, this is an ares where further investigation
is needed.

Immune sffects

A few researchers have reported an association between long- term exposure to 2,3,7,8-
TCDD and an impaired immune system (reviewed in Hay, 1982). Other long-term studies have
found no effects on the immune system (Albanese, 1988; Fara et al., 1982). A swdy of pcople
expased to 2,3.7,8-TCDD in Missouri found evidence of an abnormal cellular immune system
(Stehr-Green ez al., 1987). However, the effects did not result in increased iliness. Also, the
authors noted that thess effects may be part of a normal responss to a toxin in the body, ie.,
dnywu!dbeconsiducdindica:pnofupmmandm:iwoldim

Conclusions on health effects

The long-term health cffects of these compounds have been intensely investigated,
making them among the most-studied substances with respect to their-effect on animal and
humzn health. Dioxins and furans cause mortality sndfor cancer in many animals, bul there is
no conclusive evidence that they cause cancer or any other life-threstening health problem in
humens. No documenied human deah has occurred becauss of an exposure to dioxins or
furans.

People have been exposed to relatively large amounts of dioxing and furans (1 ug or
more) during indusirial accidents, and other incidents of accidental contamination (Yushio, Times
Beach). The sympioms of thess high.level exposures include dizziness, headaches, liver
damage, leg paing, and reduced sex drive, Thess symptoms, though serious, have typically
subsided with time. An exposure to thess amounts czn also cause severs acne, called chioracne,
which in some cases has pemsisted for decades.  With the exception of chloracne, mast
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rosearchers have found no serious, long-werm healiy probiems associsted with exposure 0
dioxins, even &t the highest reported levels,

However, some smudies have found an associstion berween long-term diseases and
exposwre (0 dioxins and (urans. Several Swedish smdies have shown £n association betweea 3
person’s, exposure 10 2,3,7.3-TCDD-containing hexbicides and the incidence of a rare form of
cancer. Other and subsequent swudies have not confirmed this association, and the Swedish
stodies have been ¢rilicized on several grounds. Nevertheless, because they are very potent
toxins and carinogens in loborztory animals, the U.S. Environmemtal Protection Agency,
Centers for Dissase Conwol, Food and Dmg Administrarion, and other groups, have issued
guidelines for human exposure to dioxiny and furans, based on the results of animal studies in
the laboratory (see "How do government agencies amive ai acceptable human exposure ©
dioxins and furans?®, page 65.

How do dioxits and (urans cause the bealih effects that they do?

We don't know yet why dioxins and furans cause the health effects that they do. But
because these substances affect so many systems of the body, it is expected that the mechanism
of toxicity involves metabolism ar the ceilular level, For cxample, it has been proposed that
many of the toxic effects of dioxins and furans are similar to viamin A deficiency (Hakansson
ct al, 1988),

Some of the toxic effects of dioning and furens (and ocher halogenared aryl
nmmmnnmmnss)mmmm&emmﬁmmm
and relcases cerain enzymes (Poland et al, 1979), Alsw, 2,3,7,3-TCDD hes been linked with
changey in the outer membrane of the cell (reviewed in Massumurs, 1989). 1t is not likely,
bowever, it these changes in the cell are directly responsible for the toxic effects, Instzad, it
appesys that the toxic effects aro somchow medisted by these enzyme sysiems and the cell
membrane.
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Regulating Dioxine and Furang
How do goverament agencies arrive £t aceeptable knmsn exposare 0 dloxims and furans?

Government agencies frem many different countries have determined maximum
acceptable doses of 2,3,78-TCDD for humans, which are then used to regulats practices that
expose peopie o dioxins and furans, Thess acceptable doses (also called tolerable, allowable,
and vinually safe) vary from country to country, and can vary from agency 1o agency within a
country (see Figure 4, following page). This varistion is primarily the result of differing
interpretation of the same experimental animal data, and (0 8 lesser extent the choice of different
data, [n order 10 understand how this comecs about, a brief summary of how an agency
determines an accepuable dose iy in order. )

First, suitable daia must be chosen. The results of animal lshoratory suxdies are relied
upon most heavily and are ofien the only data comsidered. This is because human studies
(epidemiological studies) are after-the-fact investigations of uncongolied exposure, making it
extiemely difficult to confidently comelase a given doso of the subsisnce with the observed
health effects. Animal laboratory studies allow several controlled doses, including lethal doses,

- 10 be used, and allow the researchers 0 examine the health effects over most or all of the

lifetime of the animal.
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from Figure 1 in USEPA, 1988¢: p 4.

. fop /6% /swoibojwa 4
850

¢ A [emtogram is ono quadrillionth of & gram (1 x 10 grams)
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The effecs of different doses on long-term health aspects such as cancer, birth defects,
and changes in the immune system ar$ typically used by reguiators, beciuss they have very
serious consequences. [n the United Swmies and Canada, for exampie, data from long-term
smdies of cancer in rats hawe becn used (o estimas an accepiable doss of 2,3,7,8-TCDD. Rags
were chosen 23 subjects because they are physiologically similar to humans, relisble stains of
rats have been developed for usc in such sidies, and large numbers of the enimals can be used
for the experiment.

Regulators must then extrapolate an acceptable dose for humans from the chosen data.
It is this extrapolation that accounts for most of the varigtion in acceptable doses. The
extrapolation can be done using two major methods: 1) applying safety factors to the largest
dosz that could be comelated with no obscrved adverse cffect (the NOAEL); 2) using the
various doses and their comelaied adverse cifects 0 extrepolaiz a dose thar would be
theoretically associated with an acceptably small risk of causing the effect. For exampie, the
USEPA considers a risk of one tumoe in one million peopic during an average lifetime of 70
years o be an accepiably small risk

A safety factor (method 1) is used when the regulutors decida that there is a threshold
dose below which there is only a remote risk thag the health cffect will occur. The safety factor
is then applied w allow (or individuals that are more sensitive (o the toxic effects than the
average, and (o allow for the possible difference between the test species and humans.  Safety
factors of from 10 to 1000 have been applied, depending on the confidence the regulaiors have
in the available data,

The dose extrapolation {methad 2) is used when tha regulacors decide that any dose, no
matier how small, increases the risk of the health effect. Because the aim of this method is o
quantify the risk and thea choose an accepuble level of risk, such an spproach is called
quantitative risk assessment. There are many different mathematical models that can be used W0
extrapolaze quantiuive risks from a range of doses, and the extrzpolased degrees of risk can
vary considerably, depending on the model chosen. '
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The choices outlined above account for the range of acceptable daily lifetime doses of
2.3,78-TCDD as prescnied in Figure 4. The lowest (USEPA) and highes (Outario Ministry of
the Environmem) doses in that table weye derived from the same fong-term studies of rats by
Kociba et al (1978). The USEPA also used a similar suudy by the Nationat Cancer Institute
{NTP, 1980a); the Ontario Ministry of the Environment alca used & similar saudy by Mumay et
al, (1979).

Because the USEPA feels that there is no threshold below which 2,3,73-TCDD does
not cause an increased risk of cancer, they used a dose-extrapelation mode! to calculate the
accoptable daily dose. The model they used to amive at the presens virtually safo dose is the
most conservative of the five models they tested; it extrapolaies a greater risk than do the other
models at low doses.

The Oniario regulators recognize 2,3,7.8-TCDD as a promoting rather than an initiating
carcinogen, and therefore feel that there is a threshold doss below which 2,3,7,8-TCDD probably
does not increase the risk of cancer, They applied 2 safety factor of 100 to the doss that they
felt represented the NOAEL in these suddies, to calculate an accepuable daily dose. Thus, we
have two very different interpretations of essentially the same data,

The USEPA's recenty proposed virtmally safe dose is greater because it reflects the
median virmally safe dose from the different models, rather than the most conseyvative. As has
been pointed out by Lave (1983), when the mechanism of action of a toxin is ynknown, all
mmmumquwmmuhmdmmhmpdﬁ*m No
singio model should be chosen, because undue emphatis is then placed oo ona estimats in what
is a large rnge of equally relevant estimates, At the same time, regulazws should make
consexvativo assumpeions. ‘Then, as their imowiedge aboue the toxin increzses and they replace
their conservative assumptions with more accurase ones, the estimated risks shounld decrease,
This provides an incentive far industry to conduct research on toxic substances.

Becguse of lack of information about dioxins and furans, the USEPA and other
regulatocy agencies have made very conservorive assumptions when estimating the health risks
of these compoundt. Many rescarchers have srgned that the assumptions are overly
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conservative, and thess arguments have grown more persuasive as our knowledge of dioxins and
furans has increased. For example, Paustenbach et al (1986) critically examing the assumptions
used by the CDC and USEPA 1o determine the risk posed by 23,78.-TCDD in soil. Their
analysis indicatey thay the CDC and USEPA significantly overestimated the risk of 2.3,7,8-
TCDD in soil.  Also, although the CDC made it clear that their sisk assesement was 1) specific
t0 the residential area in Times Beach, Missouri and 2) not appliczble for industrial sites, the
USEPA subsequently adopted their guideline of 1 ppb 2,3,7,8-TCDD in soil o determine the
need for cleanup at industrial sites, where the level of exposure would be much lower.

What has been done about dioxins and furans?

The manufacture and usc of 2.4,5-T and the related herbicide Silvex in the U.S. was
resricted in 1970, and prohibited in 1984, The manufacture and use of chiorophenols has been
greatly reduced. No chlorophenols with four or fewer chlorines are being produced in the U.S.
(pers. comm., John Robinson, Vulcan Chemicals), and hexachlorophene is not being produced
becauss of the lack of 2,4,5-trichlomphenol (USEPA, 1986: p 3-16).

The USEPA requires that pentachlorophenol produced in the U.S. must now average no
more than 2 ppm hexa-CDDs, and cannot have more than 4 ppm hexa-CDDs (Vulcan
Chemicals, 1988). Approximately half of the hexa-CDDs present are 2,3,7.8-substituted (pers.
comm., John Wilkinson, Vulcan Chemicals). The USEPA intends to czncel most non-wood
uses of pentachlarophenal (USEPA, 1987b: p. 21413).

Wastes from the manufactce of wi-, (etae, and pentachiorophencls, and from the
manufscture of tewa-, penta-, and hexachlorobenzens wder slkaline conditions, were designated
as acutely hazardous by the USEPA in 1934. The regulstions also apply t discarded, unused
chlorophenols or products containing them, to products made with equipment previously used to
manufrcture the substances above (except pentachlorophenols), and to soil that has been
coanaminated by these substances, The manufacmirers or owners of such wastes are required ©
notify the USEPA. These wastes cannot be placed in a Landfill if they contain more than 1 ppb
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of certain dioxin and furcns congeners (USEPA, 1985 p 2.5), and if incinersted, 99.9999% of
the contamination must be removed (USEPA, 1986:p 2.3).

The USEPA has proposed that wasiewzters snd deippings, from wood-preserving
facilities and sawmills that use chiorophenolic sotutions, or that use equipment formerty used for
such solutions, be regulated as hazardous wastes (USEPA, 19882). Also, 2,3,78-TCDD is now
lised under the Clean Water Act as a compound which the USEPA must control in industrial
effluents (pers. comm., USEPA).

PCBs are no longer produced in the US,, and any new use of them is saictly controlled
and must be extremely well justified. A gradual phase-out of PCB-coutaining equipment is
taking place. Transformers that contain fluid with more than 500 ppm PCBs are now prohibited
where they can contzminate food or feed, must be regisiered and inspected, and leaks must be
repgired within 48 hours, Capacitors with more than 500 ppm PCBs are also prohibited from
mthymimmmeMurm.mmmmMmhpwin
enclosures by November 1988,

The disposal of PCBs is also highly restricted.  Fluid contaminsed with more than 500
Ppm PCBs must be incinerated with a removal efficiency of 99.9999%, and fluid contaminated
with more than 50 ppm cannot be placed in a landfll. It is a violation o stare PCBs for more
than one year before disposal (pers, comm., USEPA).

The USEPA has published lists of chemical products thet may be contaminaud with
chiarinated or brominated dioxing and furans (USEPA, 1987b). Manufsctxers or importers of
the chemical products on.thess lius musg test for aod repare w0 the USEPA oa the presence of
digxing snd furans in these products, The USEPA also published a list of precursor products,
which zre not contaminaied themseives but may produce dioxing or fursas if they sre used ©
nmntnmod\em:u. Manyfacterers or imponers of products made with these precursors
must notify USEPA of that fact (USEPA, 1987b).

The USEPA conducted 2 uationwide svey in osder 10 deermins the extent of
contsmipation by 23,78-TCDD. The most severcly contaminated sites wero msigned to the
Superfund’ List (most wers atready on the list becanss of the presenco of other toxic substances),
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Where the USEPA found relatively high levels of 23,78-TCDD in fish, advisories were issucd

to limit consumpdon.  Also, a program was pat in place for clegning up the many contaminated
sites in Missoari, and many of the sites have since been cleaned up.
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Conclusions and Recommendations

We nced 10 know more about the tomicity, distribution, and behavior of chiorinated
dioxins and firans other than 2.3,7.8-TCDD, especially thoss that are found in relatively large
amounts in the enviromment. For instance, cument research indicates tha the common
oca-CDD is biologically active, not non-toxic as has been believed (Counyre et al, 1988).

Based on the many studies already published, dioxins and furans do not appear to be 2
hazard to0 our health when we are exposed w0 the low levels typically presemt in the
environment. The epidemislogical evidence indicates that dioxins and furams do not cause
cancer, immune effects, or other scrious, long-term health effects cn humans, even at very high

doses. Some groups of people, such as workers who are exposed occupationally o greater

* amounts over 3 long lime, and breast-fed babies, need special angendon. We should continue to

monitor the health of those persons who have been exposed to lurge amounts of these
campounds, or who are exposed to smaller amounts for a long time, This will enable us 10
idmﬁfyany‘lmg-mntmlmeffssmtalmdymglm We also need to determing the
mechanism of action. Such an understanding would not only have preventive or therapeutic
value, but is alse critical for accurate assessments of the risks these compounds pose.

Because of their demonstrated toxicity 10 laboratory animals, plus cheir dismibution and
persisience, some dioxins and furans are a potential hazsd 0 organions in the eavironment.
There is a great neod for more stdy in this area. We need to know what are unaccepably
harmful levels for the variom arganisms in the eaviromment, and the namre and amount of
dioxing and furans from tho various sources.

If wo are o redoco the amoants of toxic dioxing end fizans in our eavironment, we
neod (0 desl both with the largo amounts: already created, and ths processes that continue ta
creals them. What sppears 10 be the Inrgest amount of toxic dioxing and furans is buried in
lendfilly or stored 32 former manufacturing sitez, We need (0 develop safo yet practical ways
mmmcmmitkmﬁu We may als0 need to redoce the amounts of
dioxins and furans cccuming a3 unwanted contaminans of some products.  Grest reductions
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have been made in certain products in the pest, and further reduction may be necessary. The
emphzsis neads to be on preveating their creation during the mianufacturing process.  Finally, we
noed 10 reducs the unwanied creation of dinxing and (mant during combuwstion. For example,
incinerators can bo operaied under conditions (high temperatures, comple buming) that reduce
the creation of dioxins and furans (USEPA, 1988b),
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Appendix

The Virually Safe Lifetime Daily Dose (VSD) of 2,3,7.8-TCDD is that quantity of 23,7 8-
TCDD estimated to cause 3 maximum of one tumor in ooe million people who are exposzd for
70 years. I[n other words, one person faces a maximum one in oné million risk of a tumor due
10 2,3,7.8-TCDD during their lifetime, if they are exposed to the VSD of 2,3,78-TCDD for their
lifes

Virtyolly Safe Lifetime Daily Dose of 2,),73-TCDD, from the US. Environmental
Protection Agency

6 femtograms/kg/day

A femtogram is 1 x 10" grams or 1 quadrillionth of a gram. Note: The USEPA has proposed
10 increase this daily dose to 100 femtograms/kg/day.

Virtually Safe Levels of 2,3,7,8-TCDD in Soil and Water, from the USEPA

Soil: Below lppbtequuesmmmedmuzuon(&mtheu.s Cenu'ﬁxDlsmConml'
recommendation for Timey Beach, Missoun). \

Water: 13 pants per quadriilion (1.3 x 10 grams/iter). ‘

The Advisory for Fish Contaminated with 2,3,7,8.TCDD, from the US. Food and Drug
Administration .

Fish with levels of 23,7.8-TCDD above 50 ppt should not be eaten. '

thwiml_eveu&umZSmSOpmmbemmnmmm.
Figh with levels below 25 ppt can be eaten with no restriction,
(Thess levels can also be used for 2,3,7,8-TCDD in ather foods).
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Recommended Reading

For a succinct, informative pamphiet that summarizes the health risks of 2,3,7,8-TCDD in an
casy-to-read style:

“Dioain in the Environment: lts Effect oa Human Health® 1986,
Available from the American Council on Science and Health,
47 Maple St, Summit, NJ 07901. Telephone (201) 277-0024.
Price is 32 per cdpy.

For a well-writlen synopsis of the issues surmounding 2,3,7,8-TCDD and the relevant scientific
information:

"Dioxin" by F. H. Tschirley, in Scientific American,

Febrzary, 1986, Yolume 254, Number 2, pages 2935,

Available from Scientific American, 415 Madison Ave.

New York, NY 10017, Attentdon Rosa Davis. Cost of issue is $4.

For a book that discusses in detail the issues surrounding 2,3,7,8-TCDD, especially the incidents
thay received the most publicity in the U.S., and includes much of the relevam scientific
information an 2,3,7.8-TCDD:

Dioxin, Agent Orange by Michacl Gough, 1986.
Plenum Press, New York

For a summary of the current research findings on dioxins and furans, consult the proceedings
of the annual Intermadonal Symposium on Chiorinated Dioxins and Related Compounds, 1
published annually in the joumnal Chemosphere (Pergamon Press). |

|
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USDA
USEPA
USFDA
WHO

Glossary and List of Abbreviations
23,7 8-tetrachiorodibenzo-para-dioxin

2.4 S-trichlorophenaxyecetic acid
United States Centers for Disease Control
chloeinated di

chlorinzied diberzo (wan

a group of dioxins o¢ firans with the same number of chiorine atoms in
their structure

a single member of a homologue

kilogram

lethal concenmration for 50% of 2Rt organisms
lethal dose for 50% of test organisms .
lowest-observed-adverse-cifects level

1 x 10" grams

1 x 10* grams

1 x 107 grams

I x 10" grams

1 x 10 grams

National Council of the Paper Industry for Air and Stream Improvement
no-ohserved-adverse.effecty levet
no-observed-effect level

Nationz| Toxicology Program

palybrominated biphenyls

polych!om\md biphenyls

pans per miilion

pans per billion

parts per rillion

pants per quadrillion

microgram

United States Air Force

United States Department of Agricuinre
United States Environmenta] Protection Agency
United States Food and Drug Administration
World Health Organization
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