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Abstract

Ower the last 50 years, thousands of organochlorine chemicals have besn produced in vast
quantities by industry for uses ranging from the production of plastics, pesticides, and bleaching of
pulp and paper, to constituents in tocthpastes and cosmatics. Numerous organcchlorines are also
produced unintentionally as by-products of such industrial process which utilise chlorines,

Many industrially produced organochlorines are very stable and highly lipophilic so they
accumulate in the environment and in the tissues of animals, reaching the highest levels in animals
at the top of foed chains. As a consequence of the persistent and bioaccum ulative properties of
such organachlorines, and the global circulation of thess compounds, many have bacome
ubiquitous in the global environment and in the tissues of animals and humans.,

The introduction of chlgrine substituents into ofganic compounds generally laads to increased
chemical and biological reactivity and so to incressed toxicily. Some organochlorines which
pellute the environment are highly toxic to living organisms. Such organochlorines have been
implicated in severe population declines of various wildlife species of fish, reptiles, birds and
mammals. Accidental or cccupational exposure 1o relatively high levels of organochlorines in
humans has been linked with many toxic effects. Although there is generally a lack of data on the
taxicity of many ergancchlorines, there is now a growing body of evidence from animal and
human studies which suggests that seme erganochlorines miay be causing detrimental haalth
effects in humans at levels currently found in the eRviranment,

Organochlorines have been associated with causing a wide range of toxic effects in animals and
humans, including effects on the reproductive, nervous and immune systams, toxicity to the liver
and kidney, and cancer. The mechanisms by which erganochlorines cause these effects ars thaught
lainclude disruption of the endocrine (hormaone) system, and subtle alteration of the levels af
cartain enzymes, cells of the immune system and ehemicals invalved in the transmiszion of nerve
impulses. Endocrine disruption is of particular concarn because hormones not only control m any
functions in the body, but are essential for normal development of the embryo and fetus,
Disruption of the endocrine system during this period of developmant can lead to permanent

effects on the offspring. Indeed, the develop ing ambryofostus is the most sensitive life slage o
texic affects of arganochlorines,

In some regions of the world in the general population, pre-natal exposure to organochlorines has
been associated with dacreased birth size, reduced intellectual ability and effects on behaviour.
These efiects persisted as children aged, and may have been caused by sndocrine disruption
during developmaent. Some disorders of the human reproductive system have increased

considerably during the last 50 years, and it is possible that this could be due 1o BXpOsUTE to
endocrine-disrupting chemicals in the anvironmeant.

This report discusses some of the scientific svidence on the effects of organochlorines on human
health. Particular emphasis is given io developmental and reproductive effects becsuse adverse
efiects on these processes threaten the future well being of wildlife and humans. The report
discusses that current regulatory policies on erganochiorines have failed to protect human health

and the environment, An altarnative strategy is proposed which involves global action for a
camplete phase aut of organachlorine compaunds.
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Introduction

Une of the more natable consequences of technological development in the Twentieth Century is
the dispersal throughout the global environment of thousands upon thousands of chemicals that
are solely the products of human endeavour. Only a fraction of these are made for commeree: the
overwhelming majerity are unwanted and often uncharacterized by-products of manufacture, use

and disposal.

Amaong these ‘xenobiotic’ chemicals, one group stands out: organochlorines, chamicals that have
at least one chlorine-carbon bond in their structure, The fate, occurrence and effects of
organochlorines were summarized as follows in the conclusions of a seminar conducted jointly by
the Commicsion of the Europeaan Communities and the associations of Eurcpe’s largest chamical
manufacturers and waste disposal firms in 1985; (CEC et al, 1289)

‘The vast majority of these compounds does not eccur naturally, is rather persistent and can harm
the environment more or less severely [sic]. An important part of... [the] compounds produced
may remain in use for a shorter or longer period, but will finally appear in the environment.”

Today, organachiorines produced for commerce and those created unintantionally can be found in
the air, lakes, oceans, soils, sediments, and animals - including humans - in every region of the
planel. The effects of these substances on the environment, particularly on human health, has
emerged as one of the most compelling scientific, political and economic issues of aur time.

1.1 A Brief History of Organochlorines

The first manmada arganochlorines ware undoubtedly accidental by-products of the synthesis and
use of elemental chlorine in the late 18th century. With the development of the tachnology for its
mass production, elemantal chlorine displaced the use of sour milk and sunlight for the bleaching
of cotton cloth (Salzberg 1991).

From these humble beginnings, the chloralkali industry has grown into a massive entarprise that
manufactures more than 360 billion kilograms per year of slamantal chlorine (She llay 1950). The
industry’s growth has been accompanied by 'widespread occupational diseases and
environmental damage,’ according to an American Chemical Society publication {Salzberg 1991).

About one-third of elemental ehlarine goes into the production of only one arganachlorine,
polyvinyl chloride (PVC) (Johnston and Troendle 1993, Hileman ot al. 1994), Most of the remainder
is used in manufacturing some 11,000 other organcchlorines. PVC is used, of course, in plastic
products. The other commercial organechlorines are used in products ranging from pesticides,
solvents, lubricants and refrigerants [Johnston and McCres 1992) to soaps, shampoos, deadarants,
and cosmelics (Steinkjer and Braathen 1388) and even toothpastes and mouthrinzes (Jenking et al.
195932,

During the manufacture, use and disposal of these commercial products, large numbers of
unwanted organochlorine by-products are ereated. Very few of these accidental chamicals have
been characterised. Thay are known, hawever, to include some of the most persistent and
toxicologically potent of the organochlarines: the ‘dioxins’ - the polychlorinated diben 1o-p-dioxins
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(PCDDs) and dibanzofurans (PCDFs) - as well as polychlorinated biphenyls (PCBs), polychlorinated
benzenes, etc. (Costner et al, 1995)

Approximately 1,200 compounds which contain chiorine or its related elemants bromine or
flucrine {which are known collectively as organochalogens) are ereated by some living organisms
and othar natural processaes (Gribbla 1894; Gribbla 1385). These compounds have been isolated
from bacteria, fungi, marine algae and a few have been found in higher plants and animals.
Maturally produced organochlorines are not parsistent (Hensclor 1994), and nearly all are produced
in very small quantities. One exception, chloromethane, the timplest of the arganochlorines, is
primarily produced by marine algae at the rate of 5 millian tons par year (Rasmussen et al. 1980}, It
1= thought that this organochlorine may play a part in regulating the ozone layer (Lovelock 1975),

In general, little is known about the functions of naturally produced organchalogens. Those which
have been studied appear to be involved in defense mechanisms or play & role as chemizal
massengers in various biochemical pathways. The diverse array of compounds which are
produced naturally suggests they are of great biclogical importance, but our understanding of
these compounds is presantly very limited {Neidleman and Geigert 1986).

1.2 Organochlorines in the Environment

Tha stability that makes organochlorines so atiractive to the chemical industry is one of the
gualities that also makes them hazardous to public health and the environmaent. Even the simpler
organochlorines can ramain intact in soma parts of the environment for hundreds and even
thousands of years {Jeffers et al, 1985),

The breakdown, by both industrial and natural processes, of synthetic erganochlorines typically
yialds a second generation of organcchlorines. Some of these newly-created metabolites and by-
products are more toxic and persistent than the original substances. For example, burning simple
argancchlorines can produce dioxins, which include some of the most toxic and persistent
organcehlorines vet identified.

Once persistant organochlorines become airborne through either direct emission or volatilization,
they can becomae global pallutants. The more volatile of these chemicals - for example, the
chloroflusrocarbons (CFCs) and the solvent, carbon tetrachloride — rise into the upper
atmosphere where they deplete the stratospheric ozone layar. The less volatile persistent
erganochlorines - for example, the dioxins, PCBs, organachlorine pesticides {&.9., chlordans,
dichlorediphenyitrichlorsethane (DDT), and hexachloracyclohexane) = can be carriad around the
planet before falling to its surface (lwata et al. 1993: Kannan at al. 188%; Longanathan and Kannan
1584); Travis at al. 1983], In this way, many organcchlorine chemicals have become ubiquitous
throughowt the global environment,

Organochlorine chemicals are preferantially deposited in coldar regicne, such as

those of the northern lakes and seas and the polar and sub-polar regions (hwata et al, 1989),
Through this ‘global distillation® process, organochlorines released in the tropics are eventually
deposited in colder regions (Goldbarg 1975). Global distillation is a factor in the unexpeciadly
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higher concentrations of arganochlorines that have besn observed in the air, saawater, {Hargrave
et al. 1988; Patton et al. 1988)), precipitation (Gregor and Gummar 1883}, plankton (Bidleman ot al.
1%89), wild animals (Norstron et al, 1988; Muir et al. 1988), and people of the Arctic region (Dewailly
atal. 1983a).

1.3 Organochlorines in the Food Web

Persisient crganochlorines do not dissolve readily in water; thay are fat-solubla, Consequently,
they build up (bloaccumulate] in the fats and oils in the environment, which occur primarily in the
tissues of living organisms. Through a process known as biomagnification, arganochlorines reach
the highest levels in tissues of animals at the top of food chains. Evan small releasas of such
chemicals lead o high concentrations in the tissues of birds, fish and animals, including people.

The processes of bicaccumulation and biomagnification are illustrated by the following example:
algae and other small aquatic organisms accumulate PCBs at concentrations hundreds of times
highar than those in the surrounding water; small fish eat the algae, accumulating even higher PCB
concentrations; PCBs levels increase higher still in the larger fish that fead on the emaller fish, Mear
the top of the food web, among predatory birds like herring gulls, PCB concentrations in their eggs
can reach concentrations 25 million times greater than the PCE levels in the water, (Colbom st al.
1950)

1.4 Organochlorines in People: At the Top the Food Web

Long-term exposure to even very low doses of paraistent arganochlerines lead to the accumulation
of these chemicals in people and ather animals. For pecple, exposure to persistent
organochlonnes is primarily the result of bioaceumulation and biomagnification through the food
wieh.

Saveral studies indicate that Europeans and North Americans acquire more than 80 percent of their
daily intake of dioxins and similar compounds from ingestion of fish, baef and dairy products
[Rappe, 15992; Henry &l al. 1993}, Vegetarians, who eat no meat or fish, have considarah Iy lowwer
sxposures (eg. Prachar et al. 1994),

Food-borne parsistent organochlorines are readily absorbed into body tissues, Once absorbed,
these chamicals are relatively impervious to the body’s processes for detoxifying and excreting
naturally-occurring toxing, just as they are resistant to degradation in the greatar anvirsnment.

Since they are not readily detoxified and excreted, these fat-soluble chemicals partition into the
fatty tissues of the body from which they are released only very slowly (Hall 1892, For example, tha
rate of release for the most well-known of the dioxins, 2.3,7 B-tetrachlorodibenzo-p-diaxin (TCDD),
has been estimated to be as low as 4.4 parcent per year (Wolfe et al, 1994}, However, faster rates of
release occur during periods of starvation and during lactation (Thomas and Colborn 1952).

Body burdans of spacific persistent arganochlorines va ry regionally, depending on patterns of
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production and use. For example, in countries whera DOT is still manufactured and used, people
tend ta have higher concantrations of this pesticide in their tissues than those among people living
in countries where DOT use is banned or seversly restricted.

People in industrislisad countries generally carry higher body burdens of industrially-derived
chemicals, such as PCBs and dioxins. This is shown in Tabla 1.1, which lists the avarage
cancentrations of some organochlorine chemicals in breast milk and the countries where levals are
notably high (Thomas and Colbom 1982).

As discussed earlier, global distillation may contribute to an underlying trend of increased
organochlorine body burdens in the higher, colder latitudes. Due to this phenomenon,
anvironmental deposition and associated body burdens can be expected 10 continue ta increase in
colder regions for the foresevable future, even if all organcchlorine releases are immediataly
halted.

1.4.1 Most Highly Exposed Populations

Cartain segments of the population are subject to especially high arganochlorine axposures,
depending on factors such as age, diet, occupation or place of residence. In general, the maost
highly exposed of thess are embryos, fostuses and nursing infants,

1.4.2 Embryos and Fostuses

Persistent erganochlorines in the mother's body pass through the placenta to the embryo and
foetus. Among such chemicals identified in placental tissue and cord blood are DOT and its
metabolite DDE, hexachlorobenzens (HCB), PCBs, and dioxine (PCDDs and PCOFe) (eg. Jacobson et
al. 1384, Ando et al. 1386, Kanja ot al. 1592, Koopman-Esseboom et al. 1594),

There are little or no data describing the extent of mother-to-foetus transfers of organochlorines in
humans. However, in animals, concentrations of same persistent organochlorines in unbom
offspring have been found to range frem only a fraction of a percent to as much as 300 porcent of
than those in the mother (e.g., Abbon et al. 1589; Hagenmaier ot al. 1990: Korte ot al. 1580). Transfer

efficiency depends on many factors, including time during the gestation period and the specific
cherm ical.,

1.4.3 Nurzing Infants

Organcchlorines also pass through the mother's breast milk to the nurging infant (Hall 1992}, Seme
of the persistent organochiorines found in breast milk are as follows: PCBs, dioxins, DDT. DDE,
dieldrin, HCE, hexachlorecyclohexane {(HCH), heptachlor, ehiordane, tris 4-chlorophenyl meathanol
and methane (TCP mathanol and TCP maethane {eg. Galetin-Smith et al. 1990, Skaare and Paldar
1950, Kanja et al. 1582, Stevens ot al. 1953, Rahman et al. 1993, Koopman-Esseboom et al, 1994,
Furst et al. 1554).

While breastfeeding increases the infant’s body burden of erganochlorines, it decreases the body
burden of the nursing mothers. For example, in a study of Rhesus maonkeye, the mothars shed from
17-44 % of their TCDD burden, while their nursing infants accumulated TCOD concentrations that
wara more than 400 percent higher than those of their mothers [Bowman st al. 1988). Similarly,
studies of nursing women have found that organochlarine levels decline with successive
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lactatione, the number of children, and the duration of breast feeding (eg. Skaare and Poldar 1990:
Beck ot al. 1884}, It has been estimated that an infant which is breast fed for ona yaar will recaive
batween 4 and 12% of its total lifetime exposure to dioxine (LS EPA 1984).

1.4.4 Subsistence Fishers and Farmers

For some groups and individuals, fish consumptionis a major pathway of exposure. For example,
among tha Inuit people of Arctic Quebes in Canada, for whom fish and sea mammals are m Bjor
food sources, breast milk carries levels of dioxing and PCBs that are 3 1o 7 times higher than those
in milk from a non-lnuit control group (Dewailly et al. 1994).,

Spors fishers from the north shore of the Gulf of the St. Lawerence River {Dewailly et al. 1954) and
individuals whao consume fish from the Great Lakes carry particularly high body burdens of
organcchlorines, including PCBs and dioxine (Fein et al. 1984). In another axample, people of the
Faroe lslands, who consuma pilot whale meat as part of their diet, are estimated 1o have
organochlorine exposure aquivalent to that from eating figh from the Great Lakes (Simmonds and
Johnston 1994). Also high fish consumers near the Baltic Sea in Swaden were found te have dioxin
levels about 3 times greater than those of nonconsumers (Svensson et al. 1591},

Farmers who raise and consume their livestock have the potential for elevated BXpOSUTAs,
spacifically those located within the vicinity of organoehlorines sourcas, For example, elevated
concentrations of dioxine and ralated arganochlorines have been decumaented in milk produced
near municipal and industrial waste incinerators, as well as other industries (e.q., Liern et al, 1991,
de Jong et al, 1992, Lassek ot al. 1993, Beck ot al. 1580),

1.45  Industrial Workers and Communities Surrounding Industrial Facilities
Warkers in various industries can be exposad to slevated levels of various pefsistent
organochlorines. For example, studies have found alevated levels of dioxing in the tissues of
chemical workers invalvad in the manufacture of chlarephenalic compaunds as wall as inworkers
at municipal waste incinerators (e.g.. Luotamo et al. 1993; Schecter ot al. 1991: Cannally at al. 1990}

Also, peaple living in communities near facilities that manufacture or dispose of erganochlorines
may have alevated exposures due to releases during routine operation, accidents or illagal
disposal. Among the more well-known of such communities are Seveso, laly, and Times Beach,
Missouri, which are wall described by Schecter {1994),

1.5 Effects of Bans on Organochlorine Body Burdens

Because of the extreme longevity and glabal circulation of persistent organcchlorines, regional
bans of specific chemicals can provide only limited protection for the populations of the regicns
enacting the bans. However, banning specific o rgancchlorines in a region can result in some
reduction in the body burden of thess chemicals in the local population.

In Western Australia, all uses of the foliowing organochlarine pesticides were banned: HCB, in

1372; DOT and dieldrin, by 1987, Subsequently, concentrations of these chemicals in sam ples of
breast milk and adipose tissues from that area declined, as shewn in Table 1.2 (Stevens et al, 1953).
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Also, atter usas of HCB, HCH, DDT, DDE, and dialdrin ware restricted in Germany, their
concentrations in breast milk declined, as shown in Table 1.3 (Furst et al. 1994). The tissue levels of
DDE, the major break down product of DDT, have decreassd st a slower rate than other eampounds
and now appear to have stopped declining to any axtent (Furst et al. 19594). In both cases, some
portion of the reductions in body burdens of these organcchlorines may also be attributed 1o the
banning of many of these same chemicals in other countries during the same time periods.

After the worldwide cessation of commarcial PCB production during the 1970s, PCB concentrations
in breast milk initially declined. However, such concentrations have apparently now reached a
plateau (Furst et al. 1994; Frank et al. 1883). This levelling is due to the extreme parsistence of PCBs
and to the large remaining quantities that are deposited in sediments, buried in landfills and
otherwise available for continued circulation through the global envircnmant.

Banning preduction and use of only some of the more cbviously problematic, commencially-
produced organochlorines will not result in significant reductions in releases and subseguent body
burdens of the majority of persistent organochlorines. Most of these, such as the dioxins, are not

intentionally produced but are unwanted by-products of the manufacture, use and disposal of
other organochlarines.

1.6 Human Health Effects of Organochlorines

Research on the health effects of organochlorines has, until recently, focused mainly on cancer and
on acutaly toxic effects following a single high dose exposure, Such studies have identified
numerous organochlorines that act as carcinogens with a wide range of polencies.

Fopulations of some countries already carry tissue concentrations of cartain parsistant
organochlorines that are associated with elevated cancer rates, For example, the average body
burden of dioxin and ralated chemicals among U.S. citizans has been sstimated to poso a risk of
cancer death ranging from one in 1,000 to one in 10,000 (USEPA 1954),

Meore recently, researchers have linked organcchlorine exposure to a wide array of non-cancer
affects, which can be broadly categorized as follows: reproductive disorders, malfunction of the
nervous system, diabetes, suppression of the immune system, disruption of the endacrine By S8
(thymus, thyroid, ovaries, testes, eic.); and reproductive/developmental disordars.

Spacific outcomes associated with these sffects include reducad fertility; intellectual and
attentional deficits; increased susceptibility to bactarial, viral, parasitic, and naoplastic disease;
diminighed intellectual, emotional and physical capabilities associated with hormonal imbalances;
and irreversible abnormalities of the brains, immune systeme and reproductive ergans of offepring
due 10 pre- and postnatal exposures.

I some parts of the world, average body burdens of cartain organochlorines have already reached
the levels at which some of these aflects ceeur (Allsopp 1894), As shown in Table 1.4, average
concentrations of diaxin now found amang the populations of the .5, and E Urope are at of near
those levels associated with lower levels of testosterone, the hormone that influences male sexual
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characteristics and the libido (saxusl drive) in both men and women; altered glucoss tolerance, a
symptom of diabetes; and changes in the immune system (USEPA 1894). All of these effects have
far reaching social, political and economic implications.

In a recent reassessment of the scientific literatura on dioxing and related compounds by the US
EPA (1394], it was stated:

Subtie changes in enzyme sctivity indicating liver changes, in lavels of circulating reproductive
hormones in males, in reduced glucose tolerance potentially indicative of rigk of diabetes, and in
celiular changes related to immune function suggest the potential for adverse impacts on human
metebolism, reproductive biology, and immune cormpatence at or within one arder of magnitude of
avarage back-ground body burden lavels. .. Individuals at the high end of the general population
range may be experiencing some of these effects. Some more highly exposed members of the
popuiation may be at risk for frankly adverse effects including developmental taxieity, reduced
reproductive capacity based on decreased sperm counts and potential for increased fetal death,
higher probability of experiencing endometricsis, reduced ability to withstand an immunological
chalienge and cthears. [EPA 1904]

With organochlarine body burdens at or near levels that may be affecting adults, the consequences
for embryos, foetuses and nursing infants may be even maore critical. Lavels of exposure that cause
no discernible effects in adults may cause irreversible harm to the developing foetus and newbarn
(Thomas and Colborm 1992).

In pre- and postnatal exposure, the magnitude of toxic effects often depends on tim ing. Far
sxample, axposure of pregnant rats to a small dose of diaxin on the fifteenth day of pregnancy (the
day when sexual differentiation begins in the foetuses) resulted in dermasculinization and
feminization of the male offspring. Specific effects included reduced sparm counts, smaller
testicles and reduced anopgenital distances (sea eg. Peterson et al. 1993).

Some studies suggest that pre- and postnatal exposure to persistent organochlorines can have
equally profound effects in humans. For axample, lowar birth waight, slower postnatal growth and
reduced shor-term memory have been notad among the children of women who consumed
moderate amounts of organochlorine-contaminated fish from Lake Michigan (Fein &t al, 1984,
Jacobson et al. 1990a, Jacobson et al. 1892, Fish consumption, levels of chemicals in maternal
blood and birth defacts ware associated primarily with PCBs, however other organochlorine
contaminants in the fish may have aleo bean responsible.

In ancther study, ehildren of women wha lived near dioxin contaminated areas during their
pregnancies were found to have abnormal brain function and alterad immune systams, Thase
effects, which were noted during early adolescence, are apparently irreversible, (Smoger st al.
1583]

A grewing body of scientific evidence attests to the extreme sensitivity of embryos, fetuses and
nursing infants to the effects of the persistent organochlorines passed to them from the bodies of
their mothers. This is of great concemn because effects on the next generation, and especially
disturbances of the reproductive system, rapidly threaten populations as a whola,
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1.7 How Organochlorines Exert Toxic Effects

Organachlorine chemicals exert many toxic effects on animals and humans including reproductive
and developmental toxicities, carciongenicity, neurotoxicity and immunotoxicity. The majority of
these effects appear to be causad by the ability of organochlorines to alter the levels of certain
harmones, enrymaes, growth factors and neurctransmitters {chemicals involved with the
transmission of nerve impulses) in the body. Many effects of organochlorines appaar to be
madiated largely by receptors, especially steroid harmone receptors and the aromatic hydrocarbon
racaptor (Ah receptor),

The presence of a carbon-chloride bond affects the chemical proparties of erganic compounds and
also has conseguences on their toxicological behaviour. Indeed, it has been deduced that the
mtroduction of chlorine substituents into organic compounds generally leads to increased chemical
and biochemical reactivity and therefore to increased toxicity. For sxample, introduction of chlorine
substituents makes organic compounds more lipophilic which facilitates interactions with
hydrophaobic sites such as thosa in enzrymes, promoting reactions with snzymaes (Henschler 1994),

Staroid Hormones and Recaptors

A hormeone is a chemical substance produced by the body which has & specific regulatory effect on
the activity of certain calls or organis) in the body. One way in which gignals from ingide and
outside the body are interpreted is through molecules called recaptors. Aeceptors are present both
ingide and on the surface of eslls. Molecules such as hormones bind to receptors and the resulting
complex then triggers a cartain biochemical response. Such a biochemical response can ultimately
result in functional changes in cells. The binding of molecules to receptors is vary apacific such that
only a particular sort of molecule can bind 1o a particular type of receptor,

There is one class of receptors called the nuclear harmanae receptors which can interact with certain
genes. The many receplors in this class recognise steroid hormones. When such a hormone binds
to one of thesa racaplors, the resulting “hormone-receptor complax’ which is formed binds ta
specific regions of DNA in the cell nucleus. This appears to alter gene exprassion which can lead to
functienal alterations in cells, tissues and organs. Thus, by acting through recaptars, steroid
hermones can result in diverse changes in the body (McLachlan et al. 1982,

Steroid hormones include hormones produced by the adrenal cortex {part of the adrenal glands),
testis, ovary and placenta, Table 1.5 shows the steroid hormones which are produced by diffarent
organs. Steroid hermones include the female sex harmones cestrogen and progesterone and the
male sex hormone testosterona, (the main functions of which are the developmant and
maintenance of genetalia and secondary sex characteristics); the adrenal hormones glucoconicaid
and mineralocorticoid; thyreid hormene (thyroxinel, vitamins {vitamin D}, and retinoic acid {Hall
and Bessar 1983).

Some organochlorine compounds have besn shown to disrupt endocrine (hormonal) function in
tha body. These endocrine-disrupting chemicals can altar the lavels of hormaones in the body, and
in particular affect steroid hormones, Such changes in the levels of hormones can oceur i an
organocchlorine chemical binds 12 a spacific hormeans recaplor. The arganochlorine may then aither
‘mimic’ the harmone or block the normal biological response by occupying the the receptor site.
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Alrernatively, organochlorines may be able to react directly or indirectly with the harmone
structure to alter it, change the pattern of hormone synthesis, or modulate the number of harmone
receptors and their affinities for specific molecules. PCBs for example are known or suspacted to
express biological effects through most, if not all, of these mechanisms {McKinnay and Wallar
1994). Since hormones regulate many fundamental processes in the body including reproductive
functions and processes of development, any slierations by exogenous organcchlorines could
adversaly affect these bodily functions.

Besides steroid hormones, organochlorine compounds have bean shown to affect levals of thyroid
hormones in the body, which are involved in processes of growth snd development. Also,
harmones produced by the pituitary gland in the brain called follicle stimulating hormana (FSH)
and luteinising ILH) hormone can be affected by organochlorines (McLachlan et al 1992), Thesa
hormones are involved in the regulation of reproductive processes including the development of
eggs (oval and sperm ispermatozoal, development of secondary sex characteristics and regulation
of other hermones [Hall and Bessar 1989).

Ah Receptor

Mueh work has been carried out on the texicity of dioxine and furans (PCDD/Fs), especially the
most potent congener TCDD. Studies have shown that dioxine appaear to exert effects on the body
disrupting endocrine functien, including steroid hormones. in vitre and in vivo studies have also
revaaled that some effects of dioxin appear to ba mediated through anather recaptor = the aromatic
hydrocarbon receptor (Ah-receptor), Some compounds which eccur naturally in the environment,
particularly in plants, have an affinity for this receptor, and it is possible that the Ah recaphor
evolved as a substrate-inducible system to metabolise lipophilic substances in the diet (US EPA
1984a),

By binding 1o the Ah-receptor, dioxin may evoke a cascade of different biochem ical and callular
responees. As is the case with steraid haormaona recaptors, if dioxin binds to the Ah-receptor, a
complex is formed which can bind to DNA and affect the activity of certain penes. The efects of
dioxin which have besn experimentally demonstrated to ba mediated through the Ah receptor
include induction of cytochrome p450 enzymas in the liver, wasling syndrome [weight loss) and
hepatotoxicity {liver toxicity). Other effects of dioxins include thymic atrophy, neurotoxicity, darmal
toxicity, immunotoxicity, decreased vitamin A levels, altered lipid matabalism and reproductive
and developmental taxicity. It is thought that many of these biological effects may also be
madiated by the Ah-receptor although the evidence for this is not wal fully claar (LIS EPA 1994),

In addition to PCDD/Fs which exert toxic sffects through the Ah-receptor, soma PCBs (namaly
coplanar PCBs and their mono-ortho coplanar derivatives) can bind to and act through this
mechanism (Safe 1894). Results of recent studies indicate that polybrominated dibenzo-p-dioxing
{(PBDDs) and dibenzofurans (PEDFs) may also act th rough the game receptor mechanisms as
dioxins (PCODFs), (Mennear and Lee 1994). In addition, there are & number of othar
ofganochlorine chemicals which are known to cause similar effects to dioxins or have stiuctures
which mean they may act through an Ah-receptor mechanism (zee table 2.5}, (Giesy ol al. 1554),
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1.8 Regulations and Risk Assessment

There are two basic strategies for protecting people from the effacts of parsistent organochlarines:
prevention and regulation. Prevention — for example, banning production and use of some of the
less persistent pasticides - has successfully stopped their release into the environment and, with
the degradation of siores in the environment, snded human exposures. Regulations do not stop
releases of parsistent organochlorines so they do not stop human exposures. Regulations establish
the ratas or quantities that can be legally released.

Ounar than a limited number of bans, virtually all governments follow & limited regulatory strategy,
setting allowable rates of release for a fraction of the persistent organochlorines and allowing
unlimited release of the remainder. Allowable limits are typically established ona organachlorine at
a time, one source at a time, and one medium (air, 8ol and water) at a time. Baginning with tha U.S.
in 1354, governmenis have moved toward the use of rigk assessmeant as the means for salecting the
ratas of raleaze to be allowad undar tha limited regulatory strategy. Risk assessmant is a procass
which attempts to provide a quantitative, or numerical, messure af human haalth impacts causad by
& specific pollutant. In risk assessmant, the determination of allowabls releases of a toxie chemical
requires the simultansous astablishment of acceptable rates of deaths or diseass incidence,

Risk assessment is, at ité core, a series of mathematical equations which are used to astimale the
emissions of a chemical, human exposure to the chemical and finally the health effects from such
exposure. For example, in a risk assessmaent of the dioxin emitted from an incinerator stack, tha
equations are supposed to describe the fate of the dioxin = from the timae it is emitted from the stack
to the time that it disrupts some critical process in somas particular cells in the bodies of ite human
‘recaptors’ - with sufficient accuracy to predict the number of these people who will develop, some
20 1o 30 years later, a disease, typically a fatal cancer (Silbergeld 1993), causad by the quantity of
dioxin that was estimated to have escapad from the incinerator stack,

Aftar all the relevant available factors are insartad in the array of mathematical equations and thair
solutions calculated, the final numbar - the numbar of cancer deaths associalod with the astimated
quantity of dioxin emitted - is then used 1o establish allowabls diaxin emissions, as determined by
the rate of deaths or disease incidence that is desrned socially and politically acceptable,

The factors that must be reduced to & mathematical oxpression sre both quite numerous and
exiremely complex. They include, for sxample, the weathar (wind, rain, snow, light, heat, cold, etc.]
and its affects on the dioxin; the movement af the dioxin through the environmaent toward its
human ‘receptors,” including its passage through the food web {uptake by fish, deposition on
forage and subsequant uptake in beef and dairy cattle, ate.; its inhalation, ingestion and absorption
by the human receptors; and its subsequent interactions within bodies - the Bystems, argans and
cells - of these people.

Although risk assessment is a scientific process, in practice it depends on highly uncertain and
subjactive assumptions at every stage of the mathamatical modelling process (e.g., Ginsburg 1993;
Perera 1887; Smith et al. 1993). It is inevitably subjact to the personal and political pradelictions of
it practitioners and interpreters (Silbergeld 1393), Indeed, the former director of the US EPA
warned of the subjective nature of the process when describing risk assessment:
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We should remember that risk assessment data can be ljke a capfured spy: if you torture it long
encugh, it will tell you anything you want to know' (Ruskelshaus 1984).

One of the major limitations of the risk assassment process is that estimates of health effects are
based entirely on one endpoint - the risk of developing cancer (Silbergeld 1993). However, many
chemicals, including some organochiorines, cause other toxicities such as reproductive and
doevelopmaental affects, or effects on the nervous and immune system at lower levels of exposure
than cancar. Also, more subtle effects such as endocrine disruption, which may lead to many
adverse health effects, are not considerad in risk asssssment. Risk assessment tharsfors assumaes
that the calculation for cancer is sufficient to protect paople from all other effects. Thers is no
scientific basis for this assumption (Ginsburg 1993). As a consequence of restricting the focus 1o
carcinogenicity, risk assessment may therefore greatly underestimate the true impacts on human
haalth from a particular chemical, leading to parmissible releases of chemicals inte the
anvironmant which may be detrimental ta human haalth.

A further limitation of risk assesemant ie that it is unable to accommodate the real world situation of
multiple chemical axposuras of varying dosas and duration (Silbergeld 1993), For example, risk
assassments only consider one chemical at a time, but humans are exposed to numerous different
chemicals in the environment The toxicity of chemicals together may be additive or or aven
synargistic (ie. greater than additivel. In addition, both the degree and type of chemicals to which
people are exposed is very varied in different areas and risk assesement doas not take this into
account

Chna of the greatest sources of uncerainty in risk assessmeant is the estimation of health risks. For
example, a recent evaluation of the carcinogenic potential of parchloroethylene demonstrated that
the risk factor could vary by a factor of nearly 2000 depending on the animal studies which wars
chosen and assumptions on human metabolism used in the calculation (Ginsburg 1993). In
additian, the cancar risk calculation does not 1ake into account the variation in sensitivity 1o
chemicals among people and the variability batween adults and children [Perara 1987},

A further danger ta health from current ragulatory mathods is that many chemicals which are
produced have undergone little and often no toxicity testing. Such chemicals for which there is
only weak epidemiology data or toxicologically untested chemicals are essentially regulated as
though they are sale (Smith et al, 1993),

Ubviously, the process of risk assessment is fraught with uncernainties, plagued by limitations,
highty subjective, and vulnerable to manipulation. By adopting this approach, government
agencies, such as the U.5. Environmental Protection Agency, become locked into attempting to
control releases of loxic chemicals rather than achieving better protection of public health by
controlling their production and generation (Gineburg 1993),

The problems of risk assessment can be avoided through an alternative approach: thae
precautionary principle, which requires that chemicals are not ba digcharged inta the environment
until they are proven 1o ba harmless. In contrast, the current regulatory approach is bazed on the
assumption that all chemicals are harm less until proven harmiul and attempts 1o determine how
much of sach toxic chemical humans can be exposed 1o before there are detrimental health effects,
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This is often conducted without adequate toxicalogical data and possibly without an adequate
understanding of toxicological processes. The precautionary approach however, avoids problems
deriving from the limitations of our understanding from toxicology by removing the assumption
that a safe lavel of & particular compound or compounds can be estimated (Stairs and Johnston

1991). The precautionary approach is now being adopted at both national and intermational levels
{saa saction 5}

1.9 Summary

Public health and the snvironmaent must be protected from the sffects of the parsistent
argancchlornines.

A growing body of evidence suggests that people already carry levels of persistent
organachlorines in their bodies that are sufficient to affect the health of mature adults and to cause
irroversible changes in the mental and physical capabilities of the children currently baing
conceived, bom and breastfed. The probability of such health effacts is even higher among the

many people who have higher exposures to these pollutants because of their diets, lifestyles,
sccupations, and places of residence,

The existing body of knowledge of the fate, occurrence and effects of persistant erganochlorines
supggests strongly that regulation of persistent organochlorines - the establishment of legally
acceptable releases into the environment based on the assumption that such releases are harmless
- is incapable of protecting public health and the environment.

Prevailing regulatory schemes seek to limit releases of toxic chemicals into the envirenment ta
quantities that are thought to be harmless, based sither on risk assessments ar the notion that
dilution and degradation in the anvironment serves as an adequale safaguard for public health. This
regulatory approach is incapable of protecting the public and the envirenment from the effects of
parsistent organochlorines due to the following factors: their longevity in the envirenment as well as
the human body; their tandency to bioaccumulate and biomagnify through the food chain; and the
state of knowledge of the fate, occurrence and effects of these chemicals in the environment ae a
whale, and in human bodies in particular, that is currently so limited as to praclude the construction
of an array of mathematical squations that, taken tagethaer, provide an adequate representation of
these almost infinitely complex and, consequently, incompletaly characterized interactions.

Frevention is the only remaining option.

i there is no threshald below which harm does not occur, which increasingly appears to be the
case for persistent organochlorines both within the anvironment as a whole and within the bodies
of human baings in particular, then the release of these chemicals must be pravantad. Existing
technologies are incapable of preventing the escape and digparsal into the environment of the
persistent organochlorines that are produced for commercial use as wall &t those formed as by-
products during manufacture, use and disposal. Moreover, with existing technologies, the
manufacture, use and disposal of non-parsistant organochlorines is accompanied by the formation
and release of persistent organochlorines. In summary, as long as any organochlorines are
produced, some persistant argancchlorines will be released into the envirenment.
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Health Effects of Organochlorine Chemicals:
Reproduction and Development

Many erganochlorine chemicals which have been released into the environment in the past 50-60
years are known to disrupt endocrine function. Those organochlorine chemicals which have been
shown to disrupt hormones are shown in table 2.1. Steroid hormones in particular seem to be
affected. Steroid hormonas play a large role in regulating developmantal and reproductive
processes. Thus disruption of thess hormones could potentially lead to effects on reproduction and
development. It is now evident from animal, wildlife and human studies that many
organechlorines have bean associated with adverse offects on repraduction and developmant.
Organs that are particularly at risk during development from matemnal exposure to organochlorines
are male and female reproductive systems eg. mammary glands, uterus, cervix and vagina in
females, seminal vesicles, prostate, apididymides and testes in males, as well as tha skelaton,
thyroid, liver, kidney and immune system. Tha developmantal stages of life have been shown 1o be
particularly sansitive to effects from erganochlorine chemicals, and permanent effects may result
from exposure, Effects may ba immediately apparent, such as deformities in the offspring or may
not be fully or obvicusly expressed until the offspring reaches maturity (Colborn et al. 1933).

There is much evidence which suggests that erganochlorines are responsible for breeding
problems in many wildlife populations in areas contaminated with these chamicalz, Many of these
affects on reproduction and development have been confirmed in animal experiments. There is
alse some information which suggests that similar effects may be oceurring in humans.

This section deals with both developmental effects associated with pre- and postnatal exposure to
organochlorines and effects on adult reproductive systems. It is organised into sections on effects
on' the male and? the female reproductive systems,? other developmentsl effects, and® effects on
wildlife populations,

2.1 Disorders of the Male Reproductive System

1.1  Introduction

In recant years it has beon shown that the male fertility appears to be declining. The frequancy with
which a male factor is responsible for a couple’s infertility has increased in recent years from about
10% to 25% [Lancet 1985). This observation has been heightened by other studies demon strating
mala reproductive problams,

Recant studies have revealad that over the past 30-50 years, there has been an alarming increase in
the incidence of disorders of reproductive organs in men in several different countries. Such
disorders include & fall in sparm count (eg. Carlsen ai al. 1592) and an increass in the incidence of
testicular cancer. Increases in the incidence of hypospadias lurethral abnormalities! and
erytarchidism (undescended testicles) may have also occurred (Giwereman and Skakkebaek 1887,
reviewed by Danish EPA 1995). It is thought that all of these conditions can arisa during fatal
development and may therefora have a common cause. The most likely causes are a change in
environmental factors or lifestyle rathar than an change in genatic factors bacausa the changes are
recent and are apparent in many countries (Sharpe and Skakkebaek 1993),

There is clear evidence that development of the male reproductive tract during fetal life in humans
is sensitive 1o the levels of a female sex hormone called oestrogen. Levals of oestrogen which are



Body of Evidence Reprodudion and Developmaent

highar than normal can rasult in reduced sperm counts and an increased incidence of
eryplorchidism and hypospadias in male offspring. In the last 50 years there has been a massive
increase in the number and quantity of manmade chemicals which have been released into the
environment. Some of these chemicals, including a number of organochlorines, are known to mimic
oestrogen when present in the body. Since the development of the male reproductive systam is vary
sengitive cestrogen levels, it could be adversaly affected by exposure ta ‘oastrogenic” chemicals, it
has therefare been hypothesised that cestrogenic chemicals may ba partly responsible for the
incraasing disorders of the male repreductive tract in humane over the last 50 years, coinciding with
the release of these chemicals into the environment (Sharpe and Skakkebaek 1993,

Recant animal studies have also shown that exposure to dioxin in utero can cause similar adverse
effects on the male reproductive system, including reduced sperm counts. Dioxin is not an
oastrogenic chemical, but may causa the disorders by a different mechanism, poasibly by affecting
growth factors in the urogenital systam (Gray et al. 1995). Since exposure to dioxins (a by-product
of the chlorine industry] has increased considerably over the last 50 years and they are now
ubiguitous in the environment and in human tissues, it is possible that exposurs 1o dioxing may
also be partly responsible for the increasing disorders of the male reproductive system.

Since the above disorders of the male reproductive system have a comman arigin in fatal Iifa or
childhood and most do not become evident until adulthood, the increass in disarders sean today
would have originated 20-40 years ago. The pravalence of such defects in male babies bom today
will therefore not become manifest for another 20-40 years moare (Danish EPA 1995). This is
obviously of great concarn and factors causing the problems need to be addressad.

This section discusses changes in human exposure to oestregens and ocestrogenic chemicals in
recant years; the effects of cestrogens and oestrogenic chemicals on male dovelopmant; studies
which show evidence of the increasing disorders of the male reproductive systam over tha last 50
years; and evidence that pranatal exposure o organochlorine chemicals may be involved in the
incraasing disorders and sffects of organochiorines an adult mals reproductive haalih,

2.1.2 Exposure to Oestrogens and Oestrogenic Chamicals

In the las1 50 years there have been several changes in our lifestyls which may have altersd our
exposure to oestrogens and oestrogen-like chemicals. The extent of exposure will probably be
variable in diffarent countries and batween individuals depanding on the validity and effect of the
gourcas listed below (Sharpe and Skakkebaek 1553),

Diet

In gome countries in recent years there has been an increased tendency to consume a low fibre-
high fat diet rather than a high fibre-low fat diet. Women who eat such a dist will possibly ba
exposed lo more of the cestrogens in her ewn body (endogenous cestrogens). This is because in
otder to sxcrate oastrogen from the body, it is excreted into the bile. However, it can then be
reabsorbed into the gut and is more readily absorbed into a gut which only containg a low amount
of fibre. There is no evidence that this would increase exposure to a male fatus in & pregnant
woman enough 1o cause reproductive tract abnormalities. However, there is evidenca that links the

sccurrence of cryptorchidism and testicular cancer to high levels of endogencus oestrogen in the
mather (Sharpe and Skakkabask 1993),
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Synthetic Destrogens

Apart from our own sndogenous cestrogens, there are a numbar of expgenous cestrogens from
the environment to which humans may be exposed. Synthetic oastrogens (orally active anabolic
cestrogens) were manufactured and given to farming livestock from the 1950' for 20-30 YRI5,
Thesa were banned from use in Europa in 1581, but the level of human axposura fram thesa
oestrogens from the 1950's to the 70's remains unknewn (Sharpe and Skakkebaek 1993,

Anathar synthatic oestrogen which has been used increasingly in the past 20-40 years is the oral
centraceptive pill. This changes levels of cestrogen in the bady only whila it is baing taken, Thera
are reports that it has bean detected in water, but there is only limited information on its detectian
im drinking water, One report from Germany suggestad that levels of symthatic oastrogens in
drinking water originating from wells or springs was extremely low (Rurainzki t al, 15977).

Natural Qastrogens
Besides cestrogens which are deliberately manufactured, there are a number of naturally oceurring

cestrogens to which we are exposed. In developed countries there is generally a high congumption
of dairy products. Milk from dairy cows contains cestrogens from the cow itaelf [mainly ocestrogen
sulphate). This is destroyed by the process to make babymilk powder, but it is not clear whather
cestrogen sulphate from milk can be abserbed into the gut of an adult or child (Sharpe and
Skakkebaek 1933), The levels of castrogen sulphate present in milk are however extremaely low and
it has been suggested that oral exposure from cow’s milk is unimportant (Gurr 1983),

Many plants and fungi also contain weakly oestregenic compounds. Thess are known as
phytosestrogens and mycotoxin cestrogens raspactivaly. Ona of the richest sources of
phylocestrogens is in soya, The consumption of soya has wastly increased in the last 20 years.
However, rather than being detrimental, recent rasearch shows that the oasirogens in oy protein,
called isoflavones, may be beneficial to health. Experiments on rats have shown that dietary sova
has a chemopreventative effact on mammary tumoure. Little evidence for pravention of cancers
exists in humans, but countries whare the intake of natural distary oestragens is higher eg, Japan,
have a low incidence of breast and prostate cancer {Makela et al, 1954), Rye also contains phyto-
oestrogens. It has been suggested that rye may protect against colon cancer because the incidence
of colon cancer is lower where rye bread forms a staple part of the diet [Ginsburg 1954},

It has been hypothesised that the cancer preventative action of phytocestrogens in oestrogen-
related cancers like breast and prostate cancer may be caused by an antiosst roganic action. This
could invalve blocking the action of endogenous oestrogens of competition for andogenous
oesirogen sites. However, recent in vitro work on some common dietary oestrogens has shawn no
evidence of anitoestrogenicity in these compeunds, only evidence of oestrogenic action, It was
therefore suggested that the cancer preventative actian may ba mediated by other mechanisms not
related 1o oestrogeanicity (Makela at al, 1954).

Dastrogenic Chemicals

The envirenment has been polluted with many chemicals in the last 50-60 yvears which may disrupt
endocrine function including weakly cestrogenic chemicals. At present, anly & small number of
chemicals have been tested for such effects. Those organochiorines which have been shown ta ba
oasirogenic either by in vitro or in vivo expariments are illustrated in table 2.2 and include
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mathoxychlor, chlordecone (kepone), B-hexachlorecyclohexane, dicofol, some PCBs, DDE, [Davis
ot al. 1953, Birnbaum 1884), DOT (both isomers, p,p’-D0T and o,p"-DOT) (Bustos et al, 1988), and
sndosulphan, toxaphene and dieldrin (Soto et al. 1994). Moreowver, in witro work has shawn that
thess cestrogenic chemicals may sct cumulativaly (is. when mixed together they induce
oasirogenic responses al concentrations lower than those required whan sach compound ie
administered alone), (Soto et al. 1994). Recently, alkylphenolic compounds such as nonylphenol,
which are widely used as industrial detergents in many countries, and also in paints, herbicides
&nd pasticides, have been isclated from sewage treatment works and river water in the UK and
shown to be oestrogenic (White et al. 1554),

An impartant point which must be stressed here is that the number of studies which have identified
hermone-disrupting chemicals ls very limited st present. This means that most of the chemjcal
pollstants in the environment have not yet been tested for such affects, g0 the harmone-disrupting
capacity for the vast majority of chemicals is not known,

2.1.2 How Oestrogens Work

Natural sndogencus oestrogens axert their regulatory effects on the body by binding 1o oestrogen
recaplors. Howaever, exogenous oestrogenic chemicals can also intaract with the oeslrogen
receptors and by doing so they elicit many of the sama cellular effects as natural cestrogan. This
can be considered as a kind of hormone mimicry in which these exogenous chemicals causs
spacific responses which are normally enly triggered by natural cestrogens. Oestrogenic
chemicals may also work by altering cestrogen metabolism and by modulating the num bar of
cestrogen hormaone receptors andfor their binding affinities. Since oastrogens play a erucial rale in
controlling reproduction in females and to a lesser axtent in males, and are involved in foetal
devalapment, intarference by axogenous cestrogens can have far reaching effacts on the body
{McLachlan et sl 1982, White ot al. 1554).

A protein in the blood called sex hormone binding globulin (SHBEG) binds to approximataly 85% of
the circulating natural endogenous castragen, which renders it biclogically inactive. Howaver, many
synthetic oestrogens are affective in lower doses than andoganaus oastrogen, bacause they are not
bound te SHBG (Danish EPA 1995), Even though sestrogenic chemicals are weak cesirogens, it is
possible that they may exer relatively powarful effects because they da not bind to SHEG,

Exogenous cestrogens may have adverse effects on the health of adults or mature anim als. Much
concarn however is focused on the effects of these chemicals on the developmental stages of life
which appear to be particularly susceptible to changes in oestrogen levals,

2.1.4 Davelopment of the Mala

Normal Male Devalopment

In most mammals and in humans, mals sexuwal development takes place in utero in the presence of
large quantities of oestrogen. This prenatal development includes the differentiation of tha tastas,
production of the male hormonae testosterons and the masculinisation of the internal and external
genitalia {Mimawach at al. 1853).

Early in sexual development the mammalian felus exisls with gonads genatically determined to
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aither become an ovary or testas with the rudiments of bath the male and female genital tract co-
existing (McLachlan et al. 1592). When lestes develop in the male fetus they do so faster than the
development of ovaries in the female fetus. The testes then start to produca testosterone. It seems
that this faster developmant of the testes and subseguent production of testosterone is vital for
successful development of the male. This is because the fetus is exposad to high levels of
oastrogen from tha placenta, and if testosterons is not produced at tha eorrect time during
development, the male genital system ig in danger of becoming ‘demasculinised’ [loss of male
sexual characteristics) as a consequence of the high levels of cestregen. Thus in mammals and
humans, testes develop faster than ovaries to ensure the production of testosterona which is
needed for the euccessful development of male sex organs (Mittwoch ot al. 1553).

Effects of sxposure te cestrogenic chemicals on fetal development in experimental animals
Experiments on rats and mice have shown that exposure to exegenous cestrogens during
pregnancy results in demasculinisaticnfeminisation of the genital system in male offspring. These
effects, include failure of testicular descent into the scrotum (eryptorchidism) and retention of the
fernale genital tract in an animal which is genetically a male (McLachlan 1992). Other effects
include a raduction in sparm count and testicular weight, and an increase in the incidence of
hypospadias (a developmental anomaly where the urethra opens on the underside of the penis or
in the space between the scrotum and the anus). The mechanism by which sperm count is reduced
has been studied in rats (Sharpe 1993) and is axplained balow.

In mammals and humans, the production of sperm {spermatogenesis) is regulated by callg in the
testes called Sertoli calls. Each Sertoli cell supports the development of germ cells (immature cells)
into spermatozoa (spearm). However, the number of epermatozoa supporied by sach Sertoli cell is
finite, which means that the maximum attainable sperm production is limited by the total number
of Sertoli celis present. This is the key factor which explains why sperm count is reduced in male
animals when they are exposed to exogenous oestrogens in uters. An increased oastrogen level
alters the multiplication of Sertoli calls in fetal life, which results in less Sertoli calls in the animal
when it is born, The development of Sertoli calls themselves takes place in vtere and their numbear
becomes ‘fixed’ such that no more can be formed shortly after birth. Consequently if Sertoli call
numbaer is reduced by exposura 1o castrogens in utero, sperm production is also reduced in the
animal for the rest of its life (Sharpe 1983, Sharpe and Skakkebask 1993),

Studies in rats have shown that Sertoli cell multiplication starts around 19-20 days of gestation and
ceases around day 15 of postnatal life. A hormaone called follicle stimulating hormeone (FSH is very
important in controlling Senoli cell multiplication during this time pariod. i FSH is reduced befare
day 15 of postnatal life, it causes a reduction in the number of Sertoli calls and a consequent drop in
sparm count im adult lifs.

During fetal life and up to day 15 of prenatal life, FSH stays at a constant level, after which it
increases. FSH controls the multiplication of the Sertoli cells and also stimulates the cells to sEcrale
oestrogen. In turn, this oestrogen keeps the levels of F5H in check, This oceurs until day 15 of
postnal Iife when the matured Sertoli cells lose the ability to secrote oastrogen. The quastion is
what happens if more oestrogen is added during development in ulero of just after birth, The
answer is that more cestrogen upsets the balance of oestrogen already present causing a
suppression in the level of F5H. As a consequence of reduced FSH, Sertoli cell number, BpErm
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count and testicular weight will be reduced. Experimants with rats have shown that if the mothar is
axposed to oestrogens during pregnancy or f a males pup is exposed on day 4 of life, the leval of
F5H is suppressed causing a reduction in Sertoli eall number, sparm count and testicular waight,
though the formation and production of sparm (epermatogenesis) is normal.

In humans, regulation of Sertoli cell proliferation may ba very similar. The multiplication of Sartoli
cells is also controlled by FSH during prenatal and neonatal lifa, However, the limited data available
suggests that the number may also increase during puberty, so the potential for adverse effacts on
Serteli call multiplication may be longer than in the rat, Howaever, it is net yet known whether
decreased Seroli cell number cccurs as a result of cestropen exposure in humans or whethers this
i the reason for decreased sparm counts in humans (Danish EFA 183&),

Effects of axposure te oastrogenic chemicals on fatal development in humans

The above findings from work with animals are very relevant to humans bacausa in both man and
other animals, comparable physical changes in male offspring can be induced by inappropriate
exposure in ufero to oestrogens (Sharpe 1993). This conclusion is largaly based on evidence from
an unfortunate experience in which many women ware treated with a synthetic oestrogen callad
disthystilbestrol [DES). Between 1945 and 1571, DES was given to more than five million women to
prevent miscarriages and pregnancy complications, but it was banned in 1571 after it was linked
toincreases in a rare vaginal cancer. Further investigation of the effects of DES ravaaled that in
utero exposure resultad in 8 much greater incidence of cryptorchidsm and hypospadiag in male
boys. In addition, whan they reached adulthood, many of them had reduced sparm counts. The
same outcome was achioved in the male offspring when DES was administered to pregnant rats
and mice. Therefore, inappropriate axposura to cesirogens in utero in animals causes comparable
defects in man, including a fall in sperm counts {Sharpe 1993, Sharpe and Skakkebask 1953),

Since an increase in oestrogen levels during pregnancy can lead to digordars of the male
reproductive system in humans and animals, it is possible that exposure of tha peneral population
o castragenic chemicals in the environment may laad to the same efect. This ie discussad below.,

2.1.% Falling Sperm Counts in Man
Several recent studies have baen consistent in dem ensirating a decraase in sperm counts over the
last 20-50 yaars.

In 1982, Carlsen et al. published a systematic review and analysis of every study in the literature
betwoan 1938 and 15391 which reporied on sperm counts in men who did not have a history of
infertility. The review covered a total of 61 studies from various countries with data on 14947 men,
Resulte showed that thare was a highly significant drop in the mean sperm count of 42% (p<0.0001)
betwaan 1940 {sperm count = 113x10 8 /mi] and 1880 (sperm count = 66x10 & /mll. In addition,
semen volume was also found 1o decrease aver the &ame time pericd from 3.40m | to 2.75mil
p=0.027), which meant that total sparm count has actually fallen by more than 50%. The study
concluded that the decline in seman quality over the past 50 yaars may raflect an overall reduction
in male fertility, since sparm count is to some extent correlated with male fertility,

The above study has been criticised on some of the statistical methods which were usad (Farrow
1884, Bromwich ot al. 1994), In reply, the authors agresd that tha analysis could lead to artefacts in
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the data, but concluded that data do show that sparm counts are now lower than they were in the
1840= and ‘B0 (Keiding 1894).

Angther criticism of the study pointed out that the main decline in sperm counts occurred before
1870 and since then sperm counts increased slightly. However, results of three recent studies have
clearly refuted this [Irvine 1984, Auger et al. 1935, Van Waslagham et al. 1994) with two of the
sludies showing that sperm counts have decreased over the last 20 years and at an alarming rate of
approximately 2% par year (Auger et al. 1585, Van Waeleghem et al. 1994),

To address the issue of whather sperm count has decreased in recent years as a result of factors
afiecting male developmaent, Irvina et al. {1894} investigated whether the trend in semen quality
was related to time of birth. Data on 3728 semen samples submitted by a large group of saman
danors who were born betweesn 1940 and 1969 were examined. Results showed theres was a
significant (p<0.0005] fall in median sperm counts fram 128 x 10 & /ml in rmen bormn in the 1940's 1o
75 x 10P & /ml in maen born in the late 1860°s. This study therefore supported the results of Carlsen
et al, {1992),

Studies by Auger et al. (1885) and Van Waeleghem ot al. (1994) also provide evidence that sperm
count has decreased in recent years as function of age. The study by Auger et al. (1985), reviewed
semen characteristics of 1351 fertile sperm donors aged between 19 and 39 who had attended a
centre in Paris during the last 20 years. It revealed that the mean concentration of sperm decreased
by 2.1% per year from 88 x 10 6 /ml in 1973, 10 80 x 10 6/ ml in 1992. The study by Van Waslaghem
also looked at semen characteristics in 360 consecutive candidate sperm donors over the last 17
years in Balgium, in which 80% of the donors were sged batween 21 and 30. In both siudies, not
enly the sperm count declined at an average rate of 2% per year, but there was also a significant
deterioration in sparm characteristics with time, These changes included a reduction in EpErm
motility 85 well as an increase in the proportion of abnarmal sperm. For example, Auger et al.
[1995) reported the percentage of motile sperm decreased by 0.6% per year and the percentage of
normal sperm decreased by 0.5% per year (both p<0.001). The characteristics of motility and
numbers of normal and abnormal sparm are closaly related to fartility potential. The decline in
sporm counts and in quality of the sparm could reflect irmpairment of sperm production and
possibly Sertoli cells, Results from these studies are of great concarn because if the decline in
sperm quality and sperm count is occurring in the general population at the same rate as in these
studies, the proportion of men with fertility problems will continually increase (Auger et al. 1985),

2.1.6 Other Effects on the Male Reproductiva Syztam

Aparn from the apparent decline in sperm counts over tha last 30-50 years, the incidence of other
disorders of the male raproductive system has also increased, Testicular germ cell cancer is now
the most common malignancy among young males in the Western World, The Danish Cancer
registry has collected reliable data since 1543 on the incidence of teaticular germ cell cancer, and
clearly shows that the disease increased 3-4 fold between the 1940s and 1980s. Studies based on
data from cancer registries in other countries including the UK, the Nordic and Baltic countries,
Australia, New Zealand and the USA have also reported significant increases in the incidence of
testicular cancer (reviewed by Danish EPA 1995). Together these studies provide canvincing
evidence that there is a worldwide trend towards an increased incidence in testicular cancer.
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Other disorders of the male reproductive system may be increasing. Evidence from studies in
Britain suggests that the prevalence of cryptorchidism may have doubled since the 19508 and
studies in other countries also suggest an increass. The incidence of hypospadias has been
reported to increase in Britain, Sweden, Norway, Denmark and Hungary (reviewed by Giwercman
ot al. 1983, and Danish EFA 1995). There appears to be considerable geographic variation in the
prevalence of hypospadias within and batween different countries {Danish EPA 185E).

The disorders of the male reproductive system discussed above are closely associated with sach
ather. For example, the risk of testicular cancer is significantly increased in man with a h istory of
erytorchidism. Also a significant propertion of men with testicular cancer have impairad
sparmatogenesis (sperm production). Finally, sparmatogenesis is generally impaired in
maldescended testes |Giwercman et al, 1993}, Since it is belisved that all of thesa testicular
diserders can arise in during fetal developmentichildhood it is likaly that some common factors
could ba responsible for the increasad incidence of testicular cancer, cryptorchidism, hypospadias
and a decrease in sparm counts. Such remarkable changes in occurrence of thess disorders over a
relatively shor pariod of time is probably causad by snvironmantal facters rather than by genatic
factors (Carlsen ot al. 1992,

2.1.7  Are Organochlorine Chemicals Responsible for the Increased Incidancs of of
the Male Reproductive System?

There are & number of factors which eould be invalved in the increased incidence in male
reproductive disorders. Smoking and drinking habits as well as sexusl behaviour have markedly
changed over the last 50 years. More promiscuous saxual activity can increase the risk of
contracting sexually transminted diseases which often result in infections of the genital tract,
cauging lower sparm counts. There is no conclusive evidence that smoking reduces sparm counts
in men, but smoking during pregnancy can have an adverse effect on the gonads of the fetus,
Alcohel consumption is known to have adverse effects on sparmatogenesis in excessive amounts,
but not in moderate amounts. Alsa, ionising radiaticn is known to have an adverse affect on semen
quality {Grwercman et al. 1993),

Although the above factors may have contributad 1o increased disorders of the male reproductive
Bystem in recant years, the increase in testicular cancer incidence appears 1o ba octufring on a
worldwide scale and increases in other disorders are reponed to be sccurring in many countries.
These increases cannot therefore be explained simply by changes in lifestyle, because not all
countries have changed to the same extent. Moreover, since there has been an increase in several
dwarders of the male reproductive system, and it is thought that these disorders can all arise
during fetal life, there is probably 8 commaon prenatally scting factor involved in causing these
effects. A prime suspect for this is environmental chemicals which can cause endocrine disruption
during pranatal life resulting in disorders after birth (Giwereman ot al. 1893),

Canain organcchlorine chemicals which are present in the anvironment are known 1a disrupt
hormaones during fetal life and can result in such disorders of the male repraductive EyElEm.
Oestrogenic chemicals are of paricular concern in thig regard. In addition, dioxin may produce
similar adverse effects on the mals reproductive gystem, possibly by affecting growth factors
invalved in growth and development of the male urogenital system. All of thess chamicals may
therefore be pantly or wholly responsible for the rise in adverse affazts on the male reproductive
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system over the past 50 years. In addition, some organcchlorine compounds have also been
shown to affect sperm count and reproductive harmones during adult life.

Further evidence which suggests that organochlarine chemicals can adversely effect the male
reproductive syetem both in fetalichildhood and adult life are discussed balow,

.18 Effects of Pranatal Exposure to Organochlorines

Increased levels of cestrogens during pregnancy are known 1o cause disordars of the male
repreductive system. Much of the evidence that synthetic BXOQAanoUs oastrogens can cause these
disorders both in laboratory animals and in humans comaes from studies following in utero
exposure 1o DES as discussed in section 2.1.4. It is therefors plausible that oestrogenic chemicals
could have similar effects on the developing male,

In Taiwan in 1978-8 [Yucheng incident), many people were poisoned whan they consumed rice
which was contaminated with PCBs and dioxing. A study has been carried out on the sexual
development of children born to women who were pregnant at tha time of the incident (Guo et al.
1333). Results showed that the panis size of boys aged 11-14 was significantly shorter than the
peniges of matched cantrol children. It is thought probable that this effect it due to in uiers
exposure to PCBs, which are oestrogenic.

Dioxins are not oestregenic chemicals (in fact they can exert anti-oestrogenic effects), but prenatal
gxposure to dioxing in animals nevertheless results in similar male reproductive disordars as
sxposure o oestrogenic chemicals. For example, exposure of pregnant rats to relatively low levals
of dicxin (TCDD) which did not esuse matarnal loxicity, resulted in & number of parmanani
alterations in their male offspring, including a reduction in sperm count, and reduction in testicular
waight and accessory sex organs {reviewed by Paterson et al. 1993), In a recant experimant these
effects were shown to occur after anly a single very low dose of dioxin (TCDD) (64ngkg) given at a
critical time {on day 15} of pregnancy. No efect on other grgan systems has ever been observed at
such a low dose as this and the study concluded that the male reproductive syetemn is highly
sensitive to perinatal [prenatal and lactational) exposure of dioxins {Mably et al. 1882},

It was suggested that the above sffects on the male reproductive system may result from altared
levels of hormones during development, such as reduced tesiocslerone levels. Sexual behaviour of
offspring was also affected (it was demasculinised and faminised) by low dose exposure to dioxin
on day 15 of pregnancy. In this case the regulation of luteinizing hormone (LH) was found to ba
altered. It was suggested that changes in LH, lowered testosterone lavels and possibly also other
meachanisms could impair the sexual ditferentiation of the central nervous system, causing the
changes in sexual behaviour (Peterson et al. 1997},

A similar but more detailed sludy than thosa carried out by Mably et al, (1553} on prenatal dioxin
exposure in both rats and hamsters has recently been reported (Gray et al. 1995). This study also
demonstrated that prenatal exposure to ralatively low levels of dioxin, which causad no matarnal
toxicity, did alter the reproductive development in male progeny in rats and hamsters. Hesults
showaed that exposure on day 15 of gestation to 1pg TCODVkg in rats or on da 11 to 2ug TCDOMkg in
hamstars caused a reduction in ejaculated sparm count of at lasst 58% and a reduction in size of
SECOBBONY 88X Organs.
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However, unlike studies by Mably et aL (1892} in which testostarone lovels ware reduced in mals
offspring, in the more detailed study by Gray ot al. {1985), both the levels of ssrum testosterons and
testosterone production were not affected by dioxin axpasure, Also, thera was no change in
numbers of androgen (male sex hormona) receptors in the sex glands. Thesa results fundamentaliy
change pravious axplanations of the mechanisms by which dioxin exerts adverss sffects on the
male reproductive system, For example, it was previously thought that reductions in levels of malke
sax hormones including testosterons could be responsible for adverse repreductive affects, and
anti-oestrogenic effects on the cantral nervous system could partly account for changes in sexual
behaviour (Paterson et al, 19592, Results from the study by Gray et al. (1995) however de not support
avidence for such mechanisms and an altemative hypothesis has been proncsed, Rather than acting
on steroid harmone levels or their receptors, it is possible that TCOD alters morphologicsl sax
differantiation by altering the levels of growth factors and recaplors involved in call proliferation and
diffarentiation within the urogenital systam lincluding progenitors of the epidydymis, seminal
vesicle, prostate, external genitalia and kidneys). This could occur in & manner similar to that
reported for the uterie epithalium of mice which were prenatally exposed 1o a single dosa of TCDO.
This exposure induced hyperplasia of the epithelial calls in ambryonic ureters and altered ragulation
of epidermal growth factor (EGF) receptors (Abbot and Bimbaum 1530),

in a recant paper, Safe (1995) suggested that exposure to cestrogaenic chemicals in the envirenment
was probably not responsible for increasing disorders of the male reproductive tract, Safa
hypothesised that on balance, the natural and manmade cestrogens and anti-oestrogens to which
humans are exposed, in effect cancel sach other out, and that humans are actually sxposed 1o
maore anti-cestrogenic substances overall. However, at a tima when the cestrogenicity of the
majority of manmade chemicals has not even be testad, and it is questionable whether natural
oesirogens from plants exart anticestregenic activity (eg. Makela et al 1984), it is impossible to
calculate the combined effects of human @xposure to natural and manmade cestrogenic chemicals.
The level of exposure to cest rogenic chemicals is not yet known (Danish EPA 1995}, In addition,
other scientists (eg. A. Peterson and LE. Gray| are quoted as being scaptical about Safe's
hypothesis bacausa they do not think that eesirogenic and anti-oestroganic chemicals, both of
which modulate hormones, will simply cancel each other out (Stone 1954, For exampla, affacis on
the male reproductive system from exposure o ocestrogenic organcchlorines ar anti-oestroganic
dioxin result in the sama adverss effects, probably because they are mediated by diffarent
mechanismes,

2.1.9 Effect of Exposure to Organochlorines in Adult Males

There could be one or more different mechanisms by which ergancchlorine chemicals adversely
effect male fertility in adults. Animal axparimants have shown that organochlorines may interfers
with reproductive hormones involved in testosterone matabolism and this would affect
maechanisms of male reproduction (Pines ot al. 1887). Alternatively, snhancament of oastrogan
activity or direct damage to the testicular cells and samen may be caused by the organachloring
cempounds. Semen motility may also be advarsely effected by organochliorines. Far exampla,
Bush et al. {1986) found a association between samen motility and the concentration of some PCB's
in infertile males.

Several studies have reponed that occupational exposure to certain organochioring chemicals has
led to detrimental effects on male fertility. Rupa st al. (1991) conducted a study on a the fertility of

i
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1016 male warkers who were exposed to a mixture of organochlorine pesticides in cotten fields in
India. The workers who were selected for study ware engaged in mixing and spraying pesticides
from July te March every year for durations ranging between 1 and 20 years. Thay ware exposed to
OC pesticides such as DOT, BHC and endosulphan as well as some srganophosphorous pesticides.
The study divided the workers into smokers and non-smokers since smoking can have adverse
effects on human health. These two groups were compared to matched controls from the same
socioeconomic group who had not been occupationally exposed to pesticides. Statistical analysis
showed that there was a significant decraase in the numbers of fertile males in the group exposed
to pesticides compared to controls. In the non emoking group, the number of fartile males was
B3.67% compared with 96.45% in control subjects, and in the smoking group 76.68% compared to
92.60%. Moreover, when outcomaee on the children of tha warkers ware considared, there was a
significant increase in other reproductive disorders eg. still births, neonatal desths and conganital
defects bormn to the exposed fathers. Such adverse reproductive effects indicate the presence of
chromosomal damage in the germ cells frem which sperm is preduced. The study illustrates that
exposure 1o such mixtures of pesticides can have adverse effects both on adult male fertility and on
the olfspring of exposed males, probably due to chromosomal damage to germ calls.

Dibramochlorapropane

It has been scientifically proven that the arganachlorine pesticide dibromochloropropane (DBCP) is
has caused many cases of infertility in males who have baen occupationally exposed to the
compound (see eg. Whorton and Foliart 1983). DBCP was used as a soil fumigant from the mid-
18508 and bacame very widely used in the mid-1370's until it was banned in 1979 by the US EPA.
The first report that this compound caused infertility in men was in a California pesticide
formulation plant in 1877, Initially, a group of & workers wers investigated after they became aware
that none of them had recently bean able to father children. All 5 men were found 1o have low
sperm counts. This prompted a further investigation of other workers at the plant. Results showed
there was a very strong relationship between the duration of DECP exposurs and sperm caunt such
that lower sperm counts were found in men who had been exposed for the lengest tmes, Several
studies ware subsequently undertaken at various DBCP producing plants and amongst agricultural
waorkers using the chemical. A summary of results from some of these studies are presantad in
table 2.2. In these surveys, workers had been exposed to various smounts of DBCP for different
durations. Howaver, all the studies revealed that occupational exposure to DECP has disastrous
eHects on testicular function. For example 15.7% of the exposed workers were sroosparmic (no
gpérm count] while tha expacted numbar from 500 workers would normally be 5% at the mast,
similarly, 22.1% were cligospermic {low sparm count of <20 millien per mil, but the maximum
expacied numbar would be 9-10%.

The exact mechanisms by which DBCP exerts adversa effects on the male reproductive system are
unkmown, but it is clear that it damages and destroys the germ calls that produce sperm. This
results in a reduction in the numbers and motility of sperm which causes infertility, Sperm counts
have recoverad in some of the men affected by DECP but others ramain sterila.

The true scale of the problem from the use of DBCP is even worse than results shown by studias in
North and Central America and Israel given in table 2.3, High guantities of DECP were used on the
Atlantic banana growing regions of Costa Rica between 1971-1978 and workars wore typically
exposed Lo the chemical for leng durations. By mid-1990, approximataly 1500 male workars from
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thess banana plantations were medically diagnosed as infertile as a result of exposure 1o DECP.
Moreover, physicians estimate there are about 1000 other cases in the country which have not yat
been repored. About 60 to 70% of all sterile victims recorded were azoospermic (no sparm count)
and the rest are oligospermic {low sparm count of <20 million per ml), Since male virility has a very
high social value in Latin America, the incident has provoked other psychological and social effects
including mental depression (in over half the patients), impatence and an increase in divarcs
becauss of sterility (Thrupp 1881).

There are also economic and policy implications. By 1988 compensation payments from the
e2untry’s nationalised health insurance company had been given to approximately 500 workers
ranging from about one sixth to two thirds of the average annual salary, Howevar, betwean 1883
and 1590 about 400 workers filed law suits against Dow Chemical and Shell Oil in the U.S wha
supplied the DBECF. This is because information from animal experiments on the sxtreme toxicity of
DECF on fertility were initially concaalsd by the companies and inadequate safety wamnings were
printed on labels of DBCP marketed for agricultural use. The pesticide companies have already lost
about 10 lawsuits in the U.5 on failure to warn against hazards of DBCP, plus pay offs 50 victims in
oul of court settlements. The lossee of lawsuits from Costa Rica would constitute a large financial
burden to the chemical companies (Thrupp 1881),

Diaxins

Dioxins hava been shown to have adverse effects on the male reproductive system in animals and
humans both after exposure and during adult life. Experiments on rats and other laboratory animals
hawe shown that exposure of the adult male to relatively high amounts of dioxine results in a
numbar of effects on the male reproductive system. These include changes in the levels of male
reproductive hormonaes such as & reduction in testosterone, decreased spermatogenesis and fertility
and reduced weights of the testis and accessory sex organ (reviewed by Peterson et al. 1993).

In humans, studies have also shown that occupational exposure to dioxing may lead to adverss
efiects on the adult male reproductive system. For example, in the Vietnam War, Agent Orange was
contaminated with dioxins and men who participated in the asrial spraying of this chemical wara
thus exposed to dioxing, It was later found that testicular size was reduced in some of these men,
and this effect was related to the amount of dicxins in their blood (Wolfe et al. 1952). A recent study
on chemical workers who were occupationally exposed to dioxins found changes in three
reproductive hormones, namaly a decreass in testosterone and increases in FSH and luteinising
haermonae (LH). Altered levels in all three of the hormaones were significantly related to dioxin levels
in the blood of the workers, which suggests that dicxin may alter the lavels of reproductive
harmaonas in adult men (Egeland ot al, 1994},

Other Organochlorines

One study has reported that exposura to organachiorines in the general population may affect
male fartility (Pines et al.1987). 28 men from lsrael who had at least a & year history of infartility of
an unknown cause ware studied alongside a control group of fertile man. Results showed that
males who had fertility preblems generally had higher levels of arganochlorines in their blood than
the contral group. There was a significant increass in levals of DDT, DDO and DDE, as wall as
lindane and some PCEs (tetra and penta-CBs). Associations were also found betwean the blood
levals of organochiorine chemicals and the lavels of two reproductive hormones which are known
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1o be involved with testosterone metabolism. Althaugh this was s small study and larger studies on
the general population would be needad for conclusive avidance, the results are of concarn
because they show that long-term, low level exposures of the general population o various
erganechlorine compounds may interfere with the biclogical processes responsible for male
fartility.

2.1.10 Summary

In summary, some crganochlorines have bean shown to adversaly affect the repraductive system
in pecupationally exposed men. Mareover, it is highly plausible that prenatal exposure 1o
oesirogenic chemicals and other organachlorines, such as dioxin and related compounds, may ba
partly responsible for the increasing disorders of the male reproductive gystém. There is a growing
cancern among scientists relating to this subject and also other possible health effects from
exposure to such chemicals, For example, & recent international confarance sntitled Destragens in
the Environmant li: Global Health Implications was held in Washington D.C., January 8-11, 1964,
Furthermare, the Danish EPA (1895) recently released a specific report on the subject entitled Male
Reproductive Health and Environmental Chemicals with Oestrogenic Effects.

2.2 Disorders of the Female Reproductive System

2.2.1  Introduction

Womaen in industrialised countries now reach puberty imenarche) earlier and may exparisnce
menocpause later. Lactation s often of much reduced frequency and duration. In addition, the
incidence of somae reproductive cancers is increasing, including breast cancer and vaginalicarvical
cancer. The incidence of endomaetriosis is ales increasing and the age of onset is decreasing. It is
possible that many of these condilions may be associated with the elevatod Bxposure 1o endocring-
disrupting chemicals, particularly oestrogenic chemicals, during development or in adult life
(Whitten 1992, Eaton at al. 1994),

For example, women who were exposed to tha synihatic oestrogen DES in utero have suflered an
increased incidence of vaginal and cervical cancer in adulthood and ales had increased fertility
problems (Hines 1992). In a recent study on 20 women with u nexplained infertility, & had elevated
blood levels ef lindane (=100 ng/L} and/or pentachlarophenal {»25ug/L). This may have caused
disturbances in reproductive hormones and led to the problems with fertility (Gerhard ot al. 1991).
Finally a study on levels of crganochlarines in breast milk showed that higher levels of
organochiorines ware associated with shorer lactation periods (see Hunter and Kaleay 1893, In
this section, current evidence for associations of organschlorines with breast cancar, age at
menarche and endomatriosis are discussed,

2,2.2 Breast Cancear

Breast cancer is a major worldwide public haalth problem, reprasenting berween 3 and 5% of all
deaths in developed countries and 1-3 % in developed countries. Although traditionally consideread
as a disnase of advancad lifestyle and affluence, the incidencs in developing countries is also high.
For example, in 1980 breast cancer accounted for 22.9% of all cancers diagnosed in developed
countries and 14.2% of all cancers diagnosed in developing countries (reviewed by Boyle 1891),
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The incidences of breast cancer has continually rigen both in industrialised and developing
countries in recant years. It is now the leading cause of death from cancer in women in tha USA (El-
Bayoumy 1982}, Breast cancer mortality has increased at an estimated 1% per year since the 1940
in the USA, even allowing for increased detection rates by mammaography. Batwesn 1982 and 1986
the incidenca rose even more sharply by 4%. Increases have occurred among all aga groups,
although the disease is most prevalent in women betwesn the ages of 40 and 55 {Harris ot al. 1992).

Risk Factors

The known risk factors for breast cancer include age, age at menarche, mencpause and first full-
time pregnancy, total dietary calorie intake, family histor; of breast cancer aleohol intake, obasity
and radiation exposure (Harris ot al. 1992). Oral contraceptive use may possibly incroase the risk in
young women (Boyle 1981). At best, these risk factors only account for 30% of all cases of breast
cancer, Interestingly, there is experimental and human evidence which shows that some of thess
risk factors are linked with total lifetime exposure to reproductive hormones, For axample, studiss
indicate that the greatar the total lifetime exposure to cestrogen, the greater the risk for breast
cancer. Thus, slevated levels of cestrogen can increase the risk of breast cancer. Since it is known
that manmade oestrogenic chemicals in the envirenment can mimic natural endogenous
oeetrogens or interfere with their metabolism, it has been hypothesised that such chemicals may
incraasa the risk of breast cancer (Davis of al, 1933).

There are also two other risk factors for breast cancar which are as yet unproven. Increased fat
consumption in the dist may increase the risk (eg. Bradiow and Fishman 1953), and breast feeding
may decreasa the risk. i is well known that consumption of a fatty diet results in & higher intake of
organochiorine chemicals and that lactation reduces tha bady burden of these chemicals. If
exposure o organochlerine chemicals does increass the chance of developing breast cancer, this
could partly explain the possible risk factors of high fat consumption in the diet and protective
effects of breast feeding (Dowailly et al. 1983)

Mechanisms of Breast Cancer Devalopment

A numbar of organochlorine compounds including DOT and symmetrical triazine herbicides ag.
simazine and chlortriazine and atrazine have been shown to induce or promote breast cancer in
laboratory animals (see eg. Scribner and Mottet 1381, Stevens ot al. 1994, Wetzel et al. 1994}, The
mechanisms by which such environmental cestrogens could increase the risk of breast cancer
include altaration of cestrogen matabolism or mimicking cestrogens by binding to cestrogen
racaptors. Alternatively, these chemicals may operate completely outside of cestrogen pathways
as direct carcinogens (through metabolism by cytochrome pd5s0 enrymes and affecting cortain
genes, sae section 2.1}, (Davies ot al. 1993),

Oestrogenic compounds may increase breast cancer risk by binding to and acting through
oestrogen receptors, thereby mimicking natural oestrogens. Experimental evidenca shows that
elavated levels of cestrogen can premote breast cell proliferation which can lead 1o breast cancer.
Human studies also show that an increase in exposure to exogenous cestrogens can increasa the
risk of breast cancer. For example, cestrogen replacement therapy in women may increasa the risk
of breast cancer by about 30% after 15 years of use (Steinburg et al. 1931), Similarly, woman who
ware given the synthetic cestrogen DES also have an increased risk of developing breast cancer
(reviewed by Boyla 1987),
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& recant apidem iclogy study has confirmed cbeanvations from previous studies that elevated lovels
of endogenous cestrogens increasa the risk of developing breast cancar. This study monitored
women whose endogencus oestrogen levels fell in the normal range. Those women wha
subsequently developed breast cancer tended to show higher endogenous levels of cestrogens and
a lower parcent of cestrogen bound to sex hormone-binding globulin than women who remained
free of cancer (Toniolo at al. 1886). The implications of this study suggest that factors which increase
endogenous cestrogen production or reduce the binding of estradiol to SHBEG may increase a
woman’s risk of developing breast cancer. Oestrogenic chemical pollutants in the environment are
possible suspects because they can interfere with cestrogen levels in the body.

Recent studies have shown that cestrogen maetabolism may be affected by environmental
cestrogens, and in turn this effect on metabolism could contribute to the development of breast
cancer. There is evidence that cestrogen is metabalised (broken down) in the body by two mutually
exclusive pathways, pathway | and pathway |l. In pathway 1, cestrogen is metabolised to 2-
hydroxyestrone (2-0HE1), 8 compound which is known to inhibit breast cell proliferation. This
compound may therefore protect against breast cancer because it inhibits breast cell growth.
However, pathway Il yialds a different compound callad 16a-hydroxyestrone [18a-OHE 1) which
enhances braast call growth (by virtua of its ability to bind covalently to the cestrogen receptar),
and may contribute to the development of breast cancer. It has been demonstrated that 18a-0HE1
15 genotoxic (causes DNA damage) to cultures of breast celle in vitro, Animal studies have shown
that the proportion of 16-0HE1 is increased in breast cancar, which means that the ratio of 16a-
OHE1/2-0HE is elevated. There is also avidence that the levels of 16a-0OHE1 are elevated by 50% in
human breast cancers. Thus it is probable that increased levels of 16a-0HE1 and are associated
with an increased risk of developing breast cancer (Davies et al. 1993, Bradlow at al. 1995, in prep.).

A recent study investigated the sffect of various organochlorine compounds on cestrogen
metabolism in breast cancer cells in vitro (Bradlow et al, 1938, in prep.). The study showed that the
organochlorine pesticides atrazine, lindane, DDT, DDE, hexachloride, kepone and endosulphans |
and I, and PCEs significantly increased the the proporion of 16-0HE1 and consequently the ratio
of 16a-0OHE1/2-0HE1 was increased. Moreovar, the chemicals increased the ratio by a similar or
sven greater extent than dimethylbenzanthracens (DMBAL, a known carcinogen, The greatest
effects were observed with o,p’-DDE, followed by atrazine and DOT. It is therefore possible that
some organochlorines may increase the risk of developing breast cancar by affecting oestrogen
metabolism such that the ratio of 168-0HE1/2-0HE1 is elevatad. This argument is further
strengthened by distary studies in animals which show that that feeding with substances that
elevate 2-OHET have a protective effect against breast cancer and colon cancer. In humans,
consumplien of food such as cabbage which stimulates the 2-0HE1 pathway may also have &
protective affect (Bradlow et al, 1985, in prap.).

Epidemiology Studias

Data from epidemiology studies is summarised in table 2.4. Several studies have provided
evidence which suggests that organechlorine oestrogenic chemicals may be linked 1o breast
cancer, A study by Mussala-Rauhamaa et al.{1590), found that breast tigsua from breast cancer
patients had significantly higher levels of B-hexachlorocyclohexane (HCH) than tissue from women
who did not have the disease by about 40% (average levels 0.13 versus 0.08 ppbl. Two other studias
have linked DOT and PCBs with breast cancer (Falck ot al 1992, Wolff et al, 1993). The study by Falck
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et al. (1992) measured the concentrations of various organochlorines in samples of breast tissue
taken from 20 women with breast cancer. The results were compared 1o sam ples of breast tissue
taken from 20 women without the disease who were matchad for age, and other relevant
characteristics. The breast fat of women with cancer had sbout 40% mere DDE (the major
metabolite of DOT) and PCEs lie. bis{4-chlorophenyl}-1,1 dichlorcsthane, and bigl4-chloraphanyl)-
1,1,1 trichloroethane) than the controls. These results were statistically significant snd suggested
that thesa oestrogenic chemicals may have a role in the genesis of breast cancar,

In the abave study (Falck ot al. 1852), the authors reportad that it was not known whethar the higher
breast tissue levels among cancer cases may bo due to a redistribution of chemicals to the breast
during the disease process. A recant study partly overcame this problem, by sampling blood
instaad of breast tissue and taking the samples shortly before cancer was diagnosad (Wolff et al.
1883}, This was acceptable because blood levels of organochlorines are known to reflect levals
found in tissues. Unlike pravious studies, this study alse adjusted for known breast cancer risks,
The study determ inad the levals of DDE and PCBs in stored blood specimens from women who
were part of a study cohort of 14280 women which had besn set up batween 1985 and 1991, Lavals
of environmental cestrogenic chamicals wera measured in blood from 58 of the women whao
developed breast cancar within 6 months of entering the study. These were compared 1o blood
fram 171 wall matched control subjects from the cohort who did not develop breast cancer during
the study period. The results showaed that mean levels of DOE and PCBs were highar for breast
cancer patients than for eentrol subjects, but wers only statistically significant for DDE. It was
ealeulated that women with such raised levels of DDE wers 4 times more likely to develop braast
CaAncar.

A small study invalving 20 woman with malignant breast cancer and 17 woman with benign breast
diseases showed that blood levels and breast tissue levels of erganochlorines ware higher in tha
woman with breast cancer (Dewailly et al, 1993}, HCB levels were significantly highar in blooad in
breast cancer cages compared to contrals (316 vs. 25 ng'l, p=0.02). DDE lovals weare alza highar in
bBlood and breast tissus of women with cancer but the difference was not statistically significant,
The ditferanca was, however, significant (p<0.01) in breast tigsue for women with harmone
responsive breast cancer (oestrogen receptor positive, ER+) comparad to contrals or women with
nan-hormone responsive cancer (oestrogen receptor negative EA-).

A similar but larger study than that undertaken by Wolff ot al. {1893) was carried out by Krieger et
al. (1994). Howaver, this study found no link with blood levels of organochlorines and breast cancer.
In the San Francisco Bay Area between 1964 and 1571, thousands of women had a multiphasic
haalth investigation during which a blood sample was taken and stored frozen. Tha health of tha
women was followad up until the end of 1890, 150 women fram this group (50 white, 50 black and
50 Agian) who had been diagnosed with breast cancer more than § months (an average of 14 years)
afier tha initial multiphasic health investigation, were salected for Krieger's study. This study was
differant from previous studies because blood samples were taken before 1972 when DOT was
banned in the U.5 and people were exposed to higher environmaental levels. It also provided the
opportunity to use blood samples taken wall before breast cancer diagnosis, which is impartant
because it negates the possibility that cancar may cause changes in the body which could elovate
organcchlorine levels. Concentrations of DDE and PCBs were measured in the blood samples from
the 150 women with breast cancer and compared with heoalthy matched conirol subjects, Mo
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association was found batween the levels of DDE or PCBs and the risk of breast cancer. However,
the results of cne epidemiclogy study alone cannot be considered as definitive evidence for any
disease and the authors suggested that much more research is neaded bafore a link with
environmental chemicals and breast cancer can be proved more conclusivaly.

A raanalysis of this study has revealed that when the racialethnic groups of women wara
considered separately from ona another, s diffarent result was cbtained (Savitz 1994), Higher
arganachlorine levels were found to be associated with a 2-3 fold increased risk of breast cancer in
black and white women. However, no such associations were found in Asian women, This result is
consistent with pravieus studies which show that Asian women may have dietary or genstic
protactive factors for breast cancer and tharefore have lower levels of the dissass.

The original study by Krieger et al. {(1594), and another previous study {Unger at al. 1884), found no
relationship betwesn exposure to erganaochlorines and breast cancer. Also, even though the study
by Mussalo-Rauhamaa found an association between beta-hexachlorocyclchexane levels in broast
lissue and breast cancer, no association was found with DOT or DDE as was the case in other
studies. Although there is evidence from apidemiology studies which suggests an association
between breast cancer and expasure to organcchlorines, results from all the studies are not
consistent, and therefore, as yet cannot prove or disprove the hypothesis that organochlorines
cause breast cancer. A recent combined analysis of published epidemiclogy studies concluded that
FCBs probably did not incraase tha risk of breast cancer, but more research would be needed 1o
confirm whather DOT or DDE was related to an increased risk (Key and Reaves 1994). The genaral
consensus among researchers in this field is that because the hypaothesis is very plausible and is
supported by evidence from animal studiss and some epidemiclogical evidence, more
epidemialogy and laboratory studies need to be carried out to find the answer (Taubes 1994, Kay
and Reeves 1584]. Krieger's group are already in the process of doing another much larger study
{Taubes 1954).

Other studies have suggestad a link between exposure to organochlarines and breast cancer.
Elevated breast cancer rates were detected in women exposed 1o high levals of PCBs and dioxing in
Japan in the Yusho incident (Kuratsune ot al. 1987). A large scale geographical study in lsrael found
an association between a decrease in population exposure to organachlorine chemicals and a
decrease in mertality rate from breast cancer, but did not use any direct measurements of eXpOSUre
Weastin and Richtar 1980). During 1976-1984, the rate of martality from breast cancer in Isragl
decreased by B%, but rates in other European countries at the lime continued to increase. Even
mone uniisual was that this decrease was caused by a fall in the death rate of mare than 30% in
premencpausal women (=44 years of agel and not in postmeanopausal womean whose death rate
conlinuad to increasa. ln an attermnpt to solve this anomaly, risk factors for breast cancar wers
investigated. However, the risk factors leading to a higher expected breast cancer incidence all got
worse. For example, alcohol consumption incressed, age at first birth increased, intake of dietary
fat increased and intake of fibre decreased. Based on thesa findings, breast cancer incidence would
be expecied to increase and not (o decreasa.

Since it was younger women who were affected and the decreased mortality was not due to a

change in risk factors, an axplanation for the anomaly peinted 1o a dramatic change in lifestyle or
the environment. One change in the environment did offer a possible explanation. In 1978, the
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arganechlorines lindane and hexachlorocyciohexane wers banned from use in dairy farming in
leraal, and tha use of DDT was restricted. For at least 10 ywars prior to 1978,
hexachlorocyclohexane, lindane and DDE were present in extremely high levels in cow's milk, the
mean concentrations being 1000, 17 and 5 times greater than thosa found in cow's milk in the USA,
The dramatic reduction in the usa of these organochlorines would have resulted in a decrease in
exposure of the general population. Since organcchlorines can act as cancer promotare it isa
estimated that a reduction in sxposure to these chemicals could result in a fall in mortality rate in a
period as short as 10 years. This study suggests that organochlorines are linked to breast cancer
but cannot be considered as conclusive evidence because no direct measurements of BXposUra to
organochlorines in humans were carried out.

Prenatal Exposura

Increased concentrations of cestrogens in adult life are known to increase the risk of breast cancer.
It has been hypothesised that increased concentrations of sestrogens during pregnancy may also
increase the risk of breast cancer in daughters (Trichpoulos 1990). There is some evidence 1o
support this view. For axample, dirygotic twins generally have higher rates of breast cancer, and
their mothers are known to have higher levels of cestrogen during pragnancy. Also, & récent
epidemiclogical study investigated the association between breast cancer and the incidence of pre-
eclampsia [pregnancy induced hypertension) in the mothers (Ekbom et al, 1292). Pre-sclampsia is a
condition whare the concentrations of cestrogens during pregnancy are substantially reduced, The
study found that daughters bom to women with pre-sclampsia had a significanthy reduced risk of
developing breast cancer, which suggested that levels of cestrogen during pregnancy do affect the
risk factors far breast cancer.

Summary
In summary, increased lavels of cestrogens in women are known to increase the risk of develaping

breast cancer and the hypothesis that an extra burden from snviron mental cestrogans may also
increasa the risk is very plausible, Recent in witro studies have shown that organochlorines may
affect oestrogen mataboliam in a way that may increase the risk of developing braast cancer, (e, by
increasing 16-OHE1/2-0HE1 ratio), DOE, the main metabalite of DDT, was found to have tha
@reatest effect. This is of panticular interest because several epidemiology studies and tha lsraeli
breast cancer study have also suggested that DDT may play a role in increasing the risk of
developing breast cancer. There is also some evidence that triazines and HCH could be associated
with breast cancer and this is also consistent the in vitro sludy on cestrogen metabolism,

It should be noted that a recent papar by Safe (1995) has suggested that it is not plausible that
indusirial cestrogenic chemicals pose a breast cancer risk, particularly DDE, bocausa it is not
sestrogenic. However, other studies, for example, Krieger et al. (1954) have cited that DOE is
oastrogenic, In addition, as previously discussed, DDE has been found to affect castrogen
metabolism in a way that may increase the risk of breast cancer (Bradiow et al. 1685, in prep.).

Results frem exparimental, animal and epidem wlogy studies considered together do suggest that
exposure to some organcchlorines, especially DDE, could be associated with an increased risk of
developing breast cancer. However, results from epidamiology studies do show inconsistencies.
Mare epidemiology studies are needed for conclusive evidence, but the current avidence is
certainly 8 mater for concern,
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2.2.32 Age at Manarcha

The age at which women reach puberty (menarche) is predeterminad during sarly development.
Onset of puberty in both humans and mammals is sccompanied by major changes in reproductive
hormaones lincluding an increase in s hormone called luteinizing hormene, LH), and maturation of a
certain region of the brain {the hypothalmus), which releases some of thess reproductive
harmones. Experimants on rodents has shown that slevated levels of cestrogens during
pregnancy or before puberty accelerates thess processes, causing earlier onset of first estrous
{equivalent to menarche in humans), (Whitten 1952},

It is known thet cestrogen levels in wemaen also infiuence the possibility of giving birth to twins.
Those twing born as a result of a double ovulation are called dizygotic twins, It is known that such
multiple ovulation is associated with elevated levels luteinizing hormona (LH). It is intarasting that
Japanese women have lowar LH lavels and carrespondingly lower rate of twinning than European
womaen. A possible explanation is that Japaneses women are exposed to more isoflavones (8 type
of plant cestrogen] in their diet. Since isoflavones reduce the leval of endogenous cestrogens in
the body, it is possible there is a link between lower exposure 1o oestrogans and reductions in
dizygotic twinning (Whithen 1892),

The age at menarche has declined from an average of about 17 years two centuries ago to the
current average of 12.8 vears (Harris ot al, 1992). Recards of menarcheal age indicate that that it
declined about 0.3 years par decade from 1880 until the 1860-70s in most m odem industrialised
countries {(Marshall and Tanner 1386). It is evident that the periods in which menarcheal e
declined are mirrored by declines in the numbers of dirzygotic twins wha were bom in the same
groups of womaen. Declines in twinning rates are taken to indicate declining fecundity and perhaps
toxic exposure. However, declining age of menarche has been taken 1o indicate improved nutrition
and public health. Since both twinning and menarcheal age are developmaental effects a
generalised improvement in nutrition cannaot explain both, It has therefore been suggestad that
only changes in reproductive hormone function, like the changes induced by oestrogens in
expariments with rodents discussed above, can raeadily explain thess coordinated changes
(Whitten 1892}, Thus it is possible that declining age at menarche in humans during the last century
and the corresponding declines in the number of twins born, reflects an increase in exposure o
cestrogens. Such an increase could be explained by our increasad exposure to cestroganic
chemicals in the environment (Whitten 19532).

2.2.4 Endomatriosis

Endometriosis is characterised by growth and proliferation of andometrial cells outside the uterus,
Common sites of andomaetrial call growth obsarved with this condition include the ovary, bladder,
intesting and palvic peritonaum, Although endomatriosis is considerad to be a benign disease,
both mild and severa forms are associated with infertil ity and chronic pain. Endomeétriosis is an by
found in humans and non-human primates. [ts pravalence in society is unknown but studies in the
USA estimate endometriosis occurs in 10% of reproductive-age women (Rier et al. 1993).

Two studies on rhasus monkeys have shown that axposure 1o PCBs (Campbell et al, 1985), or diaxin
(TCDD) (Rier et al 1893) increass the risk of developing endometriosis. These organochlorines are
known to affect the immune system, and it is thought that immune mechanisms may be invalvad in
the endometriosis disease process. In addition, disxin may madulate various hormone receptor
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systems which play a rola in uterine function, and may alter the action of oastrogen in reproductive
oFgane.

Rier ot al. (1983} undertook a long-term study on the health effects of chronic dioxin axposura in
rhasus monkeys, For a pariod of 4 years batwesn 1977 and 1882 one group of rhesus monkeys
ware fad 25ppt dioxin in their diet, a second group were fed Sppt dioxin and a third group acted as
controls and were given no dioxin, Ten years after the end of dioxin traatment the animals wars
examined for the presance of endometriosis. Results showed that chronic axposurs to dioxin was
direcily correlated with s significant increased incidence in the development of endomatriosis. 5
out of 7 animals (71%) exposed to 25ppt dioxin and 3 out of 7 animals (42%) exposed to Sppt dioxin
had moderate to savere endometriosis compared to 33% of animals in the control group. The
differences were statistically significant (p<0.05) in both groups of oxposed animals,

This study is of particular concern because sndometriosis was obsarvad at very low chronic doses of
dioxin. In fact the dose was 7-8 times lower than the no advarse affect level of 1000pgkg/d proposed
by WHO indicating that this guideline may not be protective of human health. Moreover, the effects
eccurred at an estimated body burden of only 2Tng/kg, which is within an order of mragnilude of
currant human body burdens (estimated as 5-10 ng/kg, EPA 1994b). Further studies in the USA are
now underway, including an investigation by the National Institute of Envirenmental Health
Sciences to determine blood levels of dioxing and PCBs in womaen diagnosed with endometriosis,

2.3 Developmental Effects

2.3.1 Susceptibility of the fetus to toxic insult in general

Une of the main concems of fetal pathology is that the cumulative effect of hundreds of
erganochiorine and other environmental poliutants, each one of which individually is undstectabls
or indeed unknown, may be causing damage to developing offspring.

Because the fotus is growing at a rapid rate and is immature in 8 number of functional aspacts, it is
mare susceptible to damage from a loxic insult of a given size than an adult (South West
Environmaental Protection Agency 1595). The reascns for this are varied:

The placenta selectively uptakes certain chemicals from the maternal bload stream.
% There is little body fat in the fetus and therefore no protective reservoir for fat soluble toxins
such as organcchlorines, as in adults. This automatically leads to higher circulating levels of

toxic substances than in adults.

- Enryme systems are immature and of low capacity, 5o the fatus can anly detaxify toxic
substances at a low rate and is exposed to high levels for a long tima,

. Cell multiplication in the fetus is high. Dividing cells are more susceptible to injury from

chemical and physical insults. Damage to the dividing cells of a developing organ may cause
savere deformity,
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. Tha fetus has & higher matabolic rate and therefore less (or no) calls in the rasling state.
Tharefore the build up of intermediate toxic metabolites for a given body weight will ba
greater,

. Fetal kidneys cannot concentrate urine as well as adults
The blood-brain barrier is not fully formed.

2.3.2 Fatal Death

There is evidence from animal experiments and epidemiology studies that BXPOEURS 10 cartain
argancchlorines can result in fatal death and spontaneous abortion. Much of the evidencs in
humans comes from womaen who have been cccupationally exposed 1o these chemicals in the dry
cleaning and pharmaceutical industries, and in agriculture. Recant data on oeceupational exposure
of men also suggests that abnormalities in sparm caused by exposure to organochlorines may
result in spontanesus abortion,

Animal Exparimants

Exposure to dioxin (TCDD) during pregnancy causes fetal death in mcnkeys and other small
laboratory mammals (Peterson 1553). Prenatal exposure to PCBs has been found 1o causa fetal
malformations {teratogenic) in laboratory mammals (Shans 1989), Similarly exposura to the
organechlorine perchloroethylene (tetrachlaroethylanal which is used in the dry cleaning industry
causas fetal death in rats and growth disturbances in mice [Schwetz et al, 1975), Organochlorine
pesticides such as lindane caused fetal death in mice (Sircar and Lahri 1989), and aldrin and B0
DOT caused fetal death in beagle dogs (Saxena and Siddiqui 1983). Az with athar developmeantal
effects, it appears that there is a critical peried during pragmancy when the fetus is more
susceptible to chemical induced toxicity which causes fetal death (Peterson 1883).

Human Studies

Epidemiclogy studies have reported that exposurs to certain organochlorines in humans can
incraase the incidenca of spontaneocus abortion during the first 3 months of pregnancy, In the dry
cleaning industry, women are axposed 1o relatively high atmospheric concentrations of the salvent
perchioreethylens. A study among female workers in the industry in Finland revealed that
exposure to parchlorcethylene was associated with significantly greater incidencs (3.6 tirnas,
p<0.05) of spontaneous abortion during the first 3 monthe of their pregnancy compared 1o
unexposad woman (Kyyronan at al. 1989), An earlier study in Finland (Hemminki st al. 1980} also
reparied a greater incidence of spontanecus abortion (10.14%) after exposure to dry eleaning
chemicals compared to the general papulation (5.52%), A study in Italy showed a four-fold increase
in the percantage of spontanscus abortions among womaen in the dry cleaning industry, but this
result was not significant because only a small number of women were studied (Bosco et al. 1987).
Ona study on workers in Sweden did not find an association batwean spontaneous abortion and
exposure to perchloroethylene [(Ahlborg 1988}, However, other epidem iology studies discussed
here tegather with avidence from animal studies suggests that axposure perchloroethylene may
CaUEe an Increase in the incidence of spontanecus abortions.

Exposure to arganic solvents in general, including the organochlorines tetrachlarcethylens,
trichloroethylene and 1,1,1-trichloroethane was found to be significantly associated with
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spontaneous abortion in female workers (Lindbohm et al. 1950). A study on Finnish workers
employed in the pharmaceutical industry between 1973 and 1581 revealed that BXpoUne o organic
solvents, particularly methylene chloride, was associated with an increased risk in spontanasous
abortion. For example, exposure to 4 or more solvents was associated with a 3.5 fold increasad risk
in spontanecus abortion, which was statistically significant (odds ratio 3.5, p=0.05), and exposure
to methylena chloride was associated with a 2.3-fold increass in risk of barderline significance
fodds ratio 2.3, p=0.06). Furthermore the risk increased with inereasing frequency of exposure to
the solvents. The study alsc found an elevated risk for spontaneous abortion after EXposUre to
oestrogans whan controlling for the efects of other chemicals (odds ratio 4.2, p=0.05), although the
number of women involved was small (Taskinen st al. 1986),

Thare have baen repons of increased spontanecus abortion in relation to BXpoEUTE 1o
organochlorine pesticides. A case report of 8 woman who was 16 weeks pregnant and swallowed
250m| of the pesticide lindane in a suicide attempt resultad in the fotal death (Konje ot al. 19932),
This chemical is used in agriculture and also as a 1% solution for the treatment of lice and scabies.
As a result of this case study and because lindane causes fetal death in miica, it was suggestad that
the topical application for pest treatment during the first trimester of pragnancy should be avoidaed.

Exposure of male workers ta DBCP in lsrael may have caused an increass in gponianecus abortions
experienced by their wives. 6.8% of women married to workers who ware not oxposed to DBCP in
this region experienced spontaneous aboartion compared to 19% of pregnancies in women married
1o exposed workers (Whorton and Foliart 1983). Similarly in India, there was an increased incidence
in spontaneocus abortion in women married to workers who were exposed to various
arganechlorine pesticides (Rupa et al. 1990). It is thought that spontanacus abortion in these cases
is probably caused by ganetic damage to the @erm calls in the men from which sperm is produced.

One study in India investigated the levels of somae organochlorine chemicals in maternal blood and
umbilical cord blood from women exparianczing stillbirths and livebirthe. The levals of aldrin and
P.p-DOT in all samples from 8 stillbirth cases were significantly highar than in 27 matched control
Ivebirth samples. For example, the mean level of aldrin and p,p"-DDT in maternal blaad of stillbarn
cases was 33.3 ppb and 62.9 ppb respectively compared to lavels in livebirths of 5.6ppb and 9.2 ppb
(p<0.01). The authors concluded that a possible association with high levels of these pesticides and
fetal death existed (Saxena and Siddigui 1983),

Finally thers is sorme evidenca that axposure to dioxine and PCBs causae spontanecus abortion. In
Japan and Taiwan in the Yusho and Yucheng incidents, many people consumed rica contaminated
with PCBs and dioxins. An increase in fetal morality was recorded amongst women who ware
pregnant at the time of the incidants (Peterson 1583),

When the all the data from animal and human studies are considered, thare is much evidence
which suggests that some organochlorine ehemicals are azsociated with fetal death in humans.

2.3.3 Growth Retardation and Reduced Birth Size

Exposure 1o industrial poliutants in the environmant, including organachlorines, has baan
associated with growth retardation of the fetus in the womb, a condition known BB intrauterine
growth retardation (IUGR). Studies have shown that IUGR is associated with cot deaths (Suddan
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Infant Death Syndreme (SIDS). In addition, one study has shown that among thoss individuals
born with IUGR who survive infancy, there is a reduced adult life expectancy due to an increased
death rate from hean disease (Barker 1583).

Recent work has shown that IUGR in human infants is associated with a highly significant reduction
in the numbar of naphrons (the basic filtration unit) in the kidneys (Hinchliffe at al. 1992}, While
normal infants and adults have about 1,000,000 nephrons per kidney, cases of IUGR which have
been studiad demonstrate a nephron population of between 300,000 and 600,000, A recant study
has shown similar findings in 70% of the cases of SIDS which have besn axamined (Hinchliffs ot al.
1891). This work indizates that there is a eritical period during development when nephrons are
created. Any outside influence, such as exposure to toxic chemicals, which disturbs the growth of
the embryo may disturb this process and lead to a parmanent deficit of nephrons.

Thare is evidence from animal studies and epidemiology studies that some organochlorines are
associated with growth retardation in the fostus. Both animal experiments and epidamiology
studies that prenatal exposure to PCBs is associated with reduced birth siza. Pranatal expasurs 1o
PCBs in pregnant rats, mice and rhesus monkeys causes reduced birth waight in the offspring.

Studies on pregnant women who were exposed to PCBs and dioxins in Japan (Yusho) and Taiwan
{Yucheng) after eating contaminated rice, revealed that their children were born prem aturaly and
had a reduced birth weight (Funatsu et al 1972, Wong et al, 1981), The reduction in birth weighl was
found to be more pronounced in female babies than in males.

Several epidemiclogy studies have investigated birth size in the general population arcund the
Great Lakes area, The Lakes are polluted with PCBs and other organcchlorine chemicals.
Censumption of PCB-contam inated fish from Lake Michigan has been found to b relatad to PCB
concentrations in matermnal sarum and milk. In turmn, maternal serum lavels of PCBs reflect serum
levels in the umbilical cord, which represents a source of exposure 1o the fetus. Most of the studies
in the Great Lakes area have found that matermal exposure 1o PCBs through sating contaminated
fish is associated with a reduction in birth size in newbarn childran (Swain 1991),

For example, Fein et al.(1984) studied 242 children born batween 1980 and 1981 to womaen who had
praviously consumaed a moderate amount of Lake Michigan fish. Birth size in the newboms was
comparad 1o 8 control group of ehildren whose mothars had not consumed Lake Michigan fish. The
study reported that exposure to PCBs, measured by fish consumption and levels in umbilical cord
sarum, was related to lower birth weights and smaller head circumfarsnes in newbarn infante, and
& shorter gestation period. Exposed infants were significantly lighter {160-180grams, p<0.05) than
controls and their heads wers significantly smaller {0.6-0,7em, p=0.01).

Evidence from animal studies, from the Yucheng incident and from the Lake M ichigan studies also
indicates that growth retardation caused by in utero exposure to PCBs parsists bayond the
newborm period. A follow-up study of children fram the Lake Michigan study showed that the
grewth retardation was still apparent at the age of 4 |Jacobson and Jacobson 1980). The maost
highly exposed children lassessed by umbilical cord serum level of Sng/ml or more) weighed on
average 1.8 kg less than the least exposed children. The result was statistically significant in girls
whera the weight difference was 2.2 kg (p=0.038). The weight differance was gimflar in boys [1.7kg)
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but this was not statistically significant. The growth retardation of girle was also more pronounced
in the Yucheng study (Rogan 1988), and their height was significantly shorter (2.8cm p=0.02) than
control at the ages 11-14 (Guo et al. 1993). Similarly, a study of PCB sxposure in the general
population of Japan ales revealed that more highly exposed infant fomales lagged in weight and
haight at birth and for sometime afterwards (Hayashi et al. 1985),

In sum, it is apparent from animal and epidemisclogy studies that in utero eaxposure to PCEs is
associated with reduced birth size in infants and this growth retardation may persist in children.

23.4 Effects on Muscle and Bona

In Holland, & study on 200 women and their babies in the general population from three different
areas was initiated by the Dutch government to investigate whether exposure to dioxins and PCBs
were having any developmental health sffects on babies. This followed reports in 1989 that cow’s
milk in the Lickbaert area had been highly contaminated with dioxins and PCBs from an incinerator
in Rotterdam {Liem at al 1991). A previous study had also reported that women in the Matherlands
had high levels of these chemicals in their breast milk (WHO 1989), and subsequently it was found
that levels were higher in industrialised areas (Koopman-Esseboom 1984a), The study monitored
exposure of the babies by measuring the cencentration of dioxings and PCBs in breast milk and
umbilical cord. Results showed that at both ages of 10 days and 3 monthe, babiss who ware mors
highly exposed to dioxin had a lower guality of muscle tone, which means that their ability to use
thair muscles was reduced, More highly exposed babies also had less developed refloxes. The
muscle tone effects were not apparent at 18 months but the children will be tested apgain at the age
of 3 and T {Brouwer of al. 1585, in press),

Some studies in animals have shown that PCBs and the pesticide lindane (pamma-
haxachlorocycichexanae) can affect calcium metabalism. This can lead to reduced bone density
and bone strength in young animals (eg. Andrews 1989, Andrews and Gray 1890), Studies in
humans on such effects are vary limited. Skull abnormalities were reparted in some of tha children
bom after the Yusha incident in Japan where people had consumed rice contaminated with PCBEs
and dioxins. These abnormalities may have been the result of irregular calcification (Miller 1985,

235 Effects on the Nervous System and on Bahaviour

The brain, like other organs, also has a strict timetabla for development and if this is parturbed, a
parmanent deficit will result. Several epidemiclogy studies on children exposad in ulero o
erganachlorine chemicals show that their behaviour, including some aspocts of intelligence may
be affected as a result. The mechanisms which cause digturbances in devalopment of the nervous
system and brain are not fully understood, but are thought to be partly under tha control of
reproductive and thyroid hormones. The balance of thess hormones during development can ba
disturbed by some organochlorine chemicals. Such disturbances miay ba partly responsible for the
changes in behaviour abserved in childran who were pranatally exposed 1a arganochlorines.

2.3.5.1 Hormanal EHects on Development of the Nervous System
Sexual Differances in the Brain

In birds, mammals and humans there are some differences between males and famalas in tha
structure and function of the brain. Thesa diffarences account for the distinctive differences in
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saxual behaviour between males and females. In humans the diffarences are also thought 1o ba
responsible for other brain functions which bear no obvious relation to reproduction, but which ara
different in men and women, such as verbal fluency and certain types of visuospatial ability (Hines
1982, Dohler and Jarzab 1582).

The developmaent of the sexually differant areas of the brain in the fatus and infant are controlled by
various reproductive hormones and other chemicals in the nervous system {neurotransmitters),
Animal exparimants have shown that if the balance of these hormones is altered during
development, the sexual behaviour of the animal can be affected. For example, higher than normal
levele of cestrogen during development has dramatic and permanent influences on brain structure
and function. f female rats are prenatally exposed to DES or other oestrogens it causes them to
have a masculine sexual behaviour pattern throughout their life. This is called ‘masculinigation’ of
bahaviour. t occurs because increased levels of cestrogen cause the saxually different region of
the brain to develop the structural characteristics of a male brain. The same effect occurs if the rats
are sxposed to elevated levels of testosterons, because this hormone is broken down to cestrogen
in thie region of the brain.

It is possible that exposurs to environmental cestrogens could affect the soxual developmant of tha
brain in humans (Hines 1932, Dohler and Jarzab 1992). In some studies on behaviour and learning
in children who ware exposed in utero to organochlorine compounds, girls waere often more
affected than boys. This diffarence may be partly due to the disturbancs of reproductive harmones
during development of the brain.

The role of thyroid harmonas in development of the nervous systam

Thyroid hormones are essential for narmal development of the nervous system in humans. They
control the growth rate, and maturation of neurons nerves), and also the organisation of neurons
in some regions of the brain. i thyroid function is disturbad in adult life tha nervous system may beo
impaired, but this can usually be reversed with appropriate treatment. However, disturbances
during the critical pericd when the nervous system is developing can produca irreversibla
neurological damage, and possibly permanent changes in thyraid funetion. In humans this critical
period beging fn utero and axtands until 2 years of age. Conditions that result fram thyroid
hormone deficiencies in fatal life in humans include endemic cretinism and congenital
hypothyreidism. Both conditions often are characterised by mental retardation and speech
disorders which can be vary severe in endemic cretinism (Porterfisld 1994},

Animal experiments have shown that dioxins and PCBs can block the action of thyroid hormones.
These chemicals are similar in structure to thyroid hormones and as a result they can bind to tha
same racaptors, including the Ah receptor and the thyroid hormene racaptor. They can aleo bind 1o
& protein in the bloed which normally binds to thyroid hormone (called T4) and transports it around
the body. The result of these actions is that dioxins and PCBs ithar mimic of decrease the
biological action of the thyroid harmanes. Either effoct could have disastrous consequances during
development as exemplified by the thyroid hormone disorders described above which lead to
permanent brain damage. Even in nontoxic doses it is possible that low levels of dioxins and PCEs
can alter neurological function by thair affects on thyroid hormone action (Portarfald 1884).

Une study investigated the levels of thyroid hormones in 38 healthy newborn babias in the
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Netherlands because there had been reports that dioxin levels in human breast milk ware high in
this country, as well as in Balgium and the UK (Pluim st al, 18493), Thae infants ware divided into &
high and low exposure groups based on the levels of dioxing measurad in the breast milk of the
mothers. Thyroid harmaone lavels were measured at birth and at 1 and 11 weeaks after breast
feading. A comparison of the two groups revealed that levels of two hermones (14 and TSH) were
significantly higher in the high exposure group than the low exposure group. Such diffarences in
these hormones are consistent with results from animal experiments. It was concluded that the
diffarences in thyroid hormeone concentrations in the tweo @roups was probably due to an increased
exposure to dioxing in utero and possibly from breastmilk (Pluim et al. 1992 and 1853),

Accidental exposure to dioxing and PCBs in pregnant woman resulted in behavioural disorders and
learning difficulties in their children (ses balow). Although the mechanism which causes this
toxicity to the nervous system s unknown, current evidencs does suggest that the effect could ba
partly or entirely a result of effects on thyroid hormones {Partarfiald),

There is also evidence that PCBs may be toxic to the developing nervous system because they
affect the level of a chemical in the nervous systam called dopamine which is involved in the
ransmission of nerve signals in the brain (Seegal and Shain 1992). in vitro studies on extracts of
chemicals from salmon in the Great Lakes showed that PCBs from the fish, but not othar
organachlorines, caused reductions of dopamine concentrations axperimantally (Seegal et al.
1881}, PCBs are also thought to be toxic 1o the developing nervous system because thay decreass
the receptors of another chemical involved in the tranemission of narve impuless called
acetylcholine (Seegal and Shain 1992),

2.3.5.2 EHfects on Cognitive Function and Behaviour

Exposure to cartain PCBs and dioxins during fetal life has been shown to produce behavioural
effects in humans and animals. This toxic effact on the nervous system and brain is very complex
leading to various behavioural problems such as reduced intelligence, learning difficultiag,
memaory problems, hyperactivity and under-activity. These outeomes ars dependeant on sevaral
factors including the time in development whan Bxposure oteurred, the specific chemicals
involved, the dosage of exposure and prabably the species (Portarfisld 1994),

Much of the evidence for behavioural effects in humans comas from studies on children barn to
women who were exposed lo PCEs and dioxins in the Yucheng incident in Taiwan during 1978-8
(see og. Chen et al. 1952, Lai et al, 1994, Guo et al. 1994). These studies fellowed the development
of children born to women who ware pregnant during the poizoning incident and also those wha
ware bormn to exposed women up to 12 years after the incident. The children’s cognitive
development was assessed by various intalligence tests which wara given to them BYEIY YO,
From 18 months of age up 1o 7 years of Bge, scores on these tests were consistently and slatistically
significantly lower for the Yu-Chang children st each age lavel compared with an unaxposad
control group of children, This is very troubling because it appears that the impairmant of
intellectual function in these children at a young age does not improve over time as they get oldar,
which means that damage could be permanent. In additian, children born up to 12 years after the
incident were as affected or even more affected than thoses bom only cne year after the incident
despite the fact that the levels of toxing in the women had declined ({Chan et al. 1992, Guo et al.
1884), One study also reponed that girle were more badly affected than boys which may be due io
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disturbances in sax hormones fallowing prenatal exposure to PCBe/dioxins.

Studies on the Yu-Cheng children up to the age of 12 have also found that they suffer from mildly
disordared behaviour and higher activity levels than unexposad childran, As with intellectual
lcognitivel development the behavioural problems persisted as the children aged (see ag. Yu et al,
1584).

The effects on behaviour of prenatal exposure to PCBs as a result of consuming contaminated fish
from the Great Lakes has also been studied. The offspring of pregnant rats fed on a diat of salmon
from Lake Ontario showed altered behaviour comparad 1o those fad on non-contaminated salmon.
Thesa axparfiments proved that it was the eontaminants in the fish which caused behaviour
changes in the rats {Daly H.B. 1982). It is more difficult to prove such a relationship in human
studies, but a series of studies on children born to women who ate contaminated fish from Lake
Michigan de suggest that PCBs in the fish are associated with behavioural problems in the children.
In bahavicural tests at the ages of 3 days, 7 months and 4 years the children had significantly lower
scores compared to children whose mothers did not eat contaminated fish (Jacobson et al. 1985,
Jacobson and Jacobson 1983). Tests at 4 years of age revealed that prenatal exposure to PCBs as a
rasult of aating the fish, was associated with small but significant deficits in short-term Mamory
and speed of information processing (thinking). Although the magnitude of the associations was
modest, the results are worrying because even ralatively subtle deficits in short-term memory and
speed of informalion processing may have a significant impact on the child's ability to master basic
reading and arithmetic skills in school (Jacobson and Jacobson 1883),

Finally, a recent study has used a differant approach te investigate developmental affacts in
exposad children by measuring physiclogical changes in nerves of the brain (neurophysiclogical
functicning). The study investigated 14 children who waere born betweasn 1977 and 1983 to mathers
who resided in the dioxin-contaminated environmant of Times Baach, Missouri. Times Beach was
eentaminated with dioxin [TCDD) during the 1970°s when contaminated waste oil was sprayed on
roads and at many horee arenas for dust contral. The children tested were found to have abnormal
brain measures (neurophysiological dysfunction] in an area of the brain which is thaught 1o affect
intellectual processes. The effect was more pronounced in the girls than the boys and was
statistically significant in the girls (Cantor et al. 1953)

In sum, it is evidant that in ufero sxposura to PCBe and dioxins causes adverse sffects on bahaviour
in laboratory animals and in humans. In humans, this cbservation is also supported by recent
findings that in growth retarded human fetuses and necnates (eg. as seen with YuCheng and
Michigan neonates), there is a reduced number of brain cells (Ansari at al. 1994). Studies on
YuChang children revealed they scored significantly lowar on intelligence tests and had mildly
disordered bahaviour preblems which all parsisted into childhood. Studias on women who
censumed fish from Lake Michigan suggest that some membaers of the general population are
already exposed to sufficient quantities of contaminants to cause an effact in their children. it is
possible that eflects of these chemicals on thyroid hormenes during development may lead to
changes in developmaent of the nervous system which cause the bahavioural affects. In addition, in
some cases femalas appeared (o be more adversaly affected than males which could have been due
ta the erganochlorines interfering with reproductive hormones during development of the brain.
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2.3.6 Effects on the Immune System

The function of the immune system is to maintain health. The immune system consists of a
network of specialised cells which mount responses to foreign substances in the body to prevent
infection and disease. Toxic chemicals may cause sither suppression of immune systam calls or
may Inad to an increase in immune system cells. Suppression of the immuna systam can result in
an incraase in the incidence of infectious diseases and soma types of cancer. Conversaly, an
increase in immunae system cells may lead to an increase in sutoimmune diseases (a condition
caused by an immune response which is directed against the bodies own cells/tissuss),

There s evider.ce from both animal and human studies that prenatal exposure to some
organochlorines and the synthetic cestrogen disthylstilbestrol (DES) can have a detrimental effect
on the immune systam. Howaver, in general this whole area is under-researched. Presantly, thare
are only limited modaels for studying the immunatoxicty of organochlorine chemicals and
eonsegquantly thare are large gaps in the data,

Thara is avidence from animal and human studies that prenatal exposure to some arganochlorines
and the synthetic cestrogen disthylstilbestrol (DES] can have a detrimental effect on the immune
system. Some of thess studies are discussed below.

Frenatal exposure to dioxin in mice causes immunotoxicity (reviewed by US EPA 1884a). Studies
on mice have also shown that perinatal exposure to DES can significantly and permanantly affect
the immune system. The severity of the immune defects detected often increasa with age. Tha
severity of the immune defects detected often increase with age. Major changes have been found
in tha functioning of soma of the cells of the immune system (T cells, B cells and natural killer calls).
Also, the animals may be more susceptible to the development of turmours and less able to
withstand the stress of experimental manipulations such as surgary (Blair 1992a).

DES was given to women as a treatmant to prevent miscarriages between 1945 and 1571, Several
studies on individuals who were exposed to DES in utero suggest that changos in tha immune
systam may have occurred. Altarad function of T calls and natural killar calls has baan reported in a
limited number of subjects. In addition, an increased lifetime prevalence of autoimmune diseasas
and a 3-fold increase in rheumnatic fever has been dermonstrated in exposed individuals (Blair
1992b). This ebservation was strengthanaed by analysis of bleod samples of exposaed individuals
which revealed a significant difference in factors of the immune system (increased rad blood cell
antigens and immunoglobulin class IgA) which are associated with autoimmune diseases, Overall,
data from the human studies indicates that individuals whe had prenatal exposurs to the synithatic
oastrogen DES do not have savers defects in immune system function but de have affects, such as
an increase in autoimmune diseases and rheumatic fever, which are consistent with defects in
rmmune system regulation. It is not known whether such affects will get worsa with BjE &% 040 in
animal experiments (Elair 1992a).

There are only a few studies on immune systemn effects of organochiorines in humans, Infants who
were exposed 1o high levels of PCBs and dioxins in utero during the Yucheng incident in Taiwan
were found to expetience colds and brenchitis more frequently than non-sxposed infants, but no
differences in immune system cells in older children aged between 7 and 9 were detected (Lan et al,
1850). A study was also carried out on 15 children aged between 9 and 14 who were born 1o women
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wha lived in & dioxin (TCDD) contaminated environment at Times Beach, Missouri during and
subsequent to pregnancy. The children were found to have significant changes in the numbars of
sevaral types of cells (lymphocytes) of the immune system. The results were consistent with
previous animal studies and showaed that parinatsl exposure to dioxin can cause deficiencies in the
immune system that persist for 10 years or more (Smoger ot al. 1843). Finally, high lavels of PCBs
and dioxins have been found in the braast milk of Inuit womaen which is due 1o the cansumption af
o diet of mainly fish and sea mammals. A recant study has reported that Inult neonates up to ane
year old had increased spisades of acute otitis media (infected inflammation of the middle aar),
which related to the levels of dioxins and PCBs found in breast milk. Thess results implied that an
increase in the incidence of otitis media could be due to deficienciss in the immune system caused
by exposure to PCBs and dioxine {Dewailly et al. 1553),

2.37 Summary of Developmontal and Reproductive Effects in Humans

There has been an increased incidence of male and female reproductive disorders over the Last 50
years, It is now suspected that these effects may be due to an increasad BXPOSUNS 10 Dastroganic
and other endocrine-disrupting chemical pollutants in the snvironmant, including many
organochlorines. The fetus and neanate are particularly sensitive to toxic imsult and many of the
obsarved effects may be resulting from prenatal exposure to such chamicals. Oeeupational
exposure in adults 1o some organochlorine chemicals has also been associated with effects on the
raproductive systam.

Prenatal exposure to arganechlorine chamicals, which may axert their effects by disrupting
andocrine function, has been associated with othar devalopmantal effects in humane. Children
bom to mothers who ate organochlerine contaminated fish from the Great Lakes, and children
from the XuCheng disaster whose mothers ate rice contaminated with PCBs and dioxing, suffarad
growih retardation and neurobehavioural effects with have persisted with age. In fact, based on
current breast milk concentrations in tha USA, it is estimated that 5% and possibly more of the
babies are exposed to quantities of PCBs sufficient to causa naurclogical effects (Colbarn et al.
1883),

A full report on developmental toxicity from exposure 1o polyhalogenated aromatic hydrocarbons,
lorganochlorines and related substances) in animals and humans was recently commissioned by
tha Dutch government (Brouwer et al. 1985, in prags), The report concludes that functional
devalopmantal effects obsarved in exparimental animals can persist into adulthood and nclude:
neurobeshavioural effects (impairment of cognitive functioning, altered neuromatar and sexual
behaviour), developmental reproductive sffects and neurochemical affacts fincluding reduced
brain and circulating thyroid hormone levels). The report discusses the fact that comparable offects
are found in humanas, concluding that prenatal and lactational axposura (o PCBs and diaxing in
humans can produce developmental effects, includ ing low birth weight, lower scores in cognitive
lests, psychomaotor changes and alterations in plasma thyroid hormone levels. it was noted that
although sffects on neurcbehavioural devalopment ware relatively subtle with na evidence of
gross malformation or retardation, the effects may nevertheless have implications at a population
lawval,
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2.4 Developmental and Reproductive Effects on Wildlife

2417 Introduction

I the last 50 years thera have been savere, often sudden declines in the populations of many
wildlife species which have bean related to contamination of the anvironmaent with industrial
chemicals (Wingspread 1883). Many of these declines have bean specifically linked with the releass
of arganochlorine chemicals into the environmant

The Great Lakes have been heavily contaminated with a multitude of organochlorine chemicals.
Studies in this region over the lagt 20-30 years have found declines in many wildlife specias which
are associated with ergancchlorine pellutants. Howevar, the problem is not isclated to this region,
but is occurring on a global scale (Wingspread Confarance 1993),

Reproductive and developmental disarders resulting from exposure 1o organochlorine chemicals
have been reported to oceur in fish, reptiles, birds and mammals. it has been postulated that
disturbances in the sarly phase of reproductive cycles are linked to stercid hormona imbalances
caused by organcchlorines (Reijnders and Brasseur 1892). Exposure to organachlorines which
disrupt hermones has bean associated with many offects including decreased fertility in fish, birds
and mammals, decreased hatching success in fish, birds and turtles, demasculinisation and
feminisation of male fish, birds and mammals and decreased viability of offspring (Colbarn st al.
1533). Some of thesa disordars may be due to cestrogenic affects of certain arganochlarines
{Bargeren et al. 1994), In some cases specific organochlorines have been linked to adverse effects,
but in many cases it is probable that effects are due to exposure to multiple erganochlorines (ag.
Giesy at al. 1584).

This section discusses examples of reproductive and developmental effects in fish, reptiles, birds
and mamm als which have bean associated with exposure to organochlorine chemicals,

2.4.2 Fizh

Organochlorines have been linked with increased ambryo morta lity and ambryo deformities in fish.
For example experiments have shown that fertilisad fish eggs of zebrafish {Brachydanic rario)
sxposed lo lindane and atrazine, exhibited increased deformities and decreased growth in the
smbryos and a reduction in the survival of juveniles which hatched (Gorge and Magal 1950). Studies
on lake charr (trout) in the Great Lakes have demonstrated much evidence which suggested that
high embrye manality in this species was related 1o organochlorines. The problems appeared 1o be
largely due to matemally transfered PCBs, and have continued in recent years sven though many
contaminants in Great Lakes fish have decreasad ovear the last 20 years, Reproductive problems
have also been reparted in stocks of Pacific coho salmon in Lake Erie. Botwean 1880 and 1990 the
rates of survival to hatch in these fish decreased considerably, ranging from as high as 48% in 1581
to less than 5% in 1950. In addition, there was a high prevalance of embryo defoarmities and poar
expression of secondary sexual characteristics in males. Studies on thesa fish have shown that the
reproductive problems are probably related to environmental contaminants {reviewed by
Leatharland 1892),

Studies on Great Lakes Pacific salmon stocks over a number of years have shown that 100% of
these fish have enlarged thyroids which cannot be explained by low iodine content in the lakes,
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When thesa fish ware fed to rats, the animals also developed thyroid enlargement, providing
evidenca of environmental anti-thyroid substances in the Great Lakes food chain. It is probable that
environmental chemicals in the water are responsible for these effects but it is not yet claar which
ones (reviewed by Leatherland 1882,

Breeding difficulties in several species of sea fish have also have been sssociated with axposure to
erganochlorines including PCBs, DOT and DDE (see og. Johnston and McCrea 15592).

2.4.3 Reptilas

Many reptilian spacies have temperature-dependent sex determination, which means that the
temparatura at which tha egg is incubated determines the sex of the offspring. Application of
castrogen to the eggehells of such species during the developmental period of saxual
differentiation, can counteract the effects of temperatures that normally produce mals hatchlings
and instead induce ovarian developmant. A recent study on the red-eared slider turtle (Trachamys
scfiptal wae conducted to determine the sffect of PCBs on sex determination (Bergaron et al. 1994).
In this species, warm egg incubation tempaeratures (eg. 31°C) produce all female hatehlings and
cold temparatures (eg. 26°C) produce all male hatchlings. The study showed that spotting the eggs
with aestrogenic PCBs had the same effects as oestrogen causing a reduction in male offspring and
increased female offspring. Moreover, the PCE lovels that disrupted sex differentiation in the turtles
ware comparable to average levels of PCBs found in human breast milk in industrialised countrias
(Bargoron ot al. 1554).

Lake Apopka in Florida is contaminated by a previous extansive spill of the erganochlorines dicofol
and DOT. During the 1980% thare was a progressive decline of the alligator population on the lake
which is presantly still continuing. The population is now enly a tenth of its former size recorded in
the 1970, A recent study on the alligators has found evidence of decreasad reproductive ability,
Oestrogen levels in female juveniles were twice that of levels in alligators from an unpolluted lake,
and they exhibited abnormal ovarian structure. Male juveniles had significantly depressed levels of
tastosterona (3 times lower than controls), and had poorly organised testes and small phalli. These
results strongly suggest that the gonads of juvenile alligators have bean parmanently altarad
durning developmant in the sgg. so that normal preduction of sex hormones is not possible making
normal sexual differentiation unlikely (Guillette et al, 1934).

244 Birds

Reproductive abnormalities in wildlife bird populations, have been found to be sssociated with
argancchiorine chemicals in the environmaent. These abnormalities inchuds eggeholl thinning,
increased embryo monality and deformities, feminisation of males and abnormal behaviour. These
breeding problams have led to massive declines in some bird populations. For axample, studies on
many fish-eating birds of the Great Lakes have shown that eggs of these birds contain
organcchlorine pesticides, PCBs and dioxing (FCDDs and PCDFs) at sufficiently high concentrations
to cause adverse effects on the birds and their chicks, and has led to population decraases in these
birds since the 1550°s (Giesy ot al, 1994},

The most dramatic decreases of reproductive performancs in wild birds was eggsehall thinning,

caused primarily by DDE, a degradation product of the insecticide DOT (Giesy et al. 1994}, In Britain
DOE was implicated in eggshall thinning and the subsequent population decline of paregring
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falcons in the 1950's (Gilbertson 1988). Many populations of Great Lakes fish-aating birds ware
reduced because of decreased survival due to eggshall thinning, including a massive decline in
North Amarican Bald sagles (Haliesstus leucocephalus) in the 1950% and 80's. Despite restrictions
on the use of DOT since 1872, embryonic and chick survival along the shore of the Great Lakss is
still not adequate to maintain stable populations (ses Colborn st al. 1993).

Fox {1992} reviewed the breading problems of some species of fish-sating birds in Morth Amarica
which have been associated with exposure to organochlorines. Western Gulls (Larus accidantalis)
in colonies on the Channel Islands off the coast of southem California, and the Great Lakes
populations of Harring Gulls and Caspian Terns (Stema caspia) suffared from breeding difficulties
ini the late 1960's and throughout the 1970'. Problems included increased em bryenic and chick
mortality, growth retardation and deformities and altered behaviour patterns resulting in
population declines. Studies of newly hatched chicks collected from Lake Ontario revealed gonads
resembling ovaries in male birds. In addition, female-female pairing of gulls ware found tending
abnormally large clutches of eggs (supernarmal clutches), Vaery faw of these eggs were fertile, The
fermale-famale pairings may have been a result of abnormal female behaviour. Alternatively, it may
hava accurred due to embryonic feminisation of males or increased mals mortality, The studies on
gulls do suggest that feminisation of males was widespread in the most contam inated bird
populations during the period of peak organochlarine contamination and that males sither died, or
were feminised and chose not to attempt to bresd, The factars which causad fominisation of male
birds are not yet certain, but experiments have shown that that DDT, maethoxychlor, dicofal and
mirex are oestrogenic in birds. Concantrations of o0,p"-DDT (ag low as 2ppmi) and p,p"-DDE (20 and
100ppm) induce feminisation in male gull embryos [Fox 1892, Colbom et al. 1833).

Since the restriction of use of DDT and other organochlorines, some Graat Lakes fish-eating birds
have made a recovery in numbers, including the double-crested cormarants and harring gulls.
However, some species have not recovered and others such as the commaon tern and Foster's tern
continue to decline in number. This does not appear 1o be dus to &g shell thinning in many cases
but instead is dus to a suite of other reproductive effects including embryo lethalities and birth
defects. The biochemical causes of some of these effects including alterations in the induction of
eytechrome pdE0 enzymes, depletion of liver reserves of retinoids and vitamin A and wasting
syndrome, are consistent with the effects which are caused by dioxin and dioxin-like chem icals
which exart thair effects through the Ah recepior, Consequently, it has been hypothesisad that
dioxin-like chemicals may be responsible for some of the reproductive effects obsarved in the birds
(Giesy ot al 1994). For example, strong correlations have besn obaerved batwesn concentrations of
TEQs, (total dioxing and dioxin-like PCBe, measured with a ssnsitive in vitro bicassay), and the
rates of deformities in cormorant and Caspian tern chicks,

In addition 1o these dioxins and dioxin-liks PCBs there are a number of other chiorinated or related
compounds that are known to cause similar adverse effects or, because of thair strusturae, might ba
expacied to cause effacts through Ah-receptor mediated mechanism gea table 2.5). Some of these
compounds have been identified in the snvironmaent and it has been sugpgestad that these
chemicals may also be partly responsible for reproductive abnormalities in birds as well as dioxins
and dioxin-like PCBs (Giesy ot al. 19594),

In sum, studies on the Great Lakes fish-sating birds strengly suggested that several crganachiorine
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contaminants were responeible for reproductive abnormalities which have greatly affected bird
populations. Eggshell thinning caused by DOT was thought 1o be responeible for a large part of the
damage to the bird populations in the 1950' to the 1970'%. There has alss been evidence of
feminisation of male birds. Current evidence suggests that the continued problems in breading are
caused by the toxic effects of multiple organochlorine compounds in the environment which may
exart their effects through the Ah-recaptor mechanism (Giesy et al 1994),

245 Semlaguatic Mammals

Semiaquatic mammals include otters (Lutra lutra, L canadensis) and American and Europaan mink
iMustela vison and M.lutreola respectivelyl. European otters and European mink populations are in
decline, the mink now being an endangered species. It has been suggested that organochiorine
pesticides and PCBs may be partly responsible for the decreasing populations (see Lopez-Martin st
al. 1884),

Studies on caplive mink have shown they are highly sensitive to reproductive impairment induced
by organcchlorine chemicals, A recent study investigated effects on fatal resarption and growth
retardation following prenatal exposure to PCBs. The study suggested embryotoxicity and retarded
smbryc growth were adversely affected as a result of effects on the cestrogen and progesterone (a
sax hormone] receptors (Patnode and Curtis 1994). A praliminary study on 4 wild mink in Spain
raported that tissue levels in the mink excesded levels which produced reproductive effects on
caplive mink, suggesting that the population decline of these animals may be due to
organochiorines in the environment (Lopez-Martin et al. 1934).

246 Marine Mammals

Predatory marine mammals are exposed 1o high levels of organachlorines in their diet. Far
example, organachlorine chamicals including DDT, PCBs, chlordanes, HCH's and PCCs
(polychlorinated camphanes ag. toxaphena) have bean found in several marine mammals in
various parts of the Arctic, namely the fur seal (Callorhinnus ursinus), ringed seal (Phoca hispidal,
hooded seal (Cystophora cristata), bearded seal (Erignathus barbatus), walrus (Obdobanus
rosmarus divergens), beluga (Delphinapterus leucas), porpaise (Phocoena phocasna), narehal
iMonodon monocaros) and polar bear (Ursus maritimus), (Norstrom and Muir 1994].

Reproductive failure in some seal species has been connectad with exposure to organocchlorine
contaminanis. In the Wadden Sea, reproductive failure of the common seal (Phoca witulina)] and
subsequent population decline has been attributed to PCBs. Studies have shown that the problam
was due to failure of reproductive processes around implanation (reviewed by Reijndars and
Brassour 1982). There is also evidence of & disease complax affecting populations of Baltic ringed
seals (Phoca hispidal and grey seals (Halichoerus grypus) which involves reproductive failure,
bone lesicns and adrenal hyperplasia. Skull and bone deformities were abserved in h ighly
contaminated animals at the beginning of the 1570's and reproduction was suppressed. The
disease complex has been associated with high levels of PCBs and DDTs. Adrenocortical
hyperplasia was reported in these seals and it is suggested that disturbance of steroid hormones
may be partly responsible for disrupted reproductive parfarmance (reviewed by Reijnders and
Brasseur 1992, Norstrom and Muir 1994). Al the sarmae time as the reproductive failure in seals was
occurring, high levels of DOT residues in Californian sea lions were found to be associated with
increased fraquency of spontanecus abartion (Da Long at al. 1573},



Body of Evidence Reproduction and Develapment

Beluga whales in the St. Lawrence estuary have much greater lovals (10-50 times highar) of
organochlorine contaminants than belugas in the arctic (Narstrom and Muir 1554). A study of the
St. Lawrence population revealed that 78% of female belugas wers not breading compared to only
35% of famales examined from the Arctic population. In addition, lesions were detectad in
mammary glands of 36% of the 5. Lawrence females which would have sariously affected their
ability to feed if any calves ware produced. It has been suggested that arganochlorine
contaminants are associatad with the reproductive impairments observed in the St Lawerance
belugas {see Johston and McCrea 1982).

2.47 Tarrastrial Mammals

The majority of the remaining lapproximately 35 individuals) andangerad Florida panthers (Felis
concolor coryil exhibit 8 number of developmental abnormalities and raproductive defects. Males
(n=12} have low ejaculate volumes, low sperm concentrations, poor sparm maotility, and an
extremely high proportion (82.8%) of sperm with morphological abnormalities. In addition,
eryptorchidism has increased exponentially in male cubs since 1975, and mals fartility may be a
problem. Females have high body burdens of various contaminants including DDE, PCBs,
methoxychlor, oxychlordans and t-nonachlor and it has been suggested that the reproductive
abnormalities in the panthers may be due to contamination of the mathers by andacrine-disrupting
chemicals (reviewed by Danish EPA 1585),

2.5 Conclusions of Reproductive and Developmental
Effects on Wildlife and Comparisons with Effects in
Humans

Exposure 1o organcchlorine chemicals in the environment has been associated with marny
deleterious effects on development in wildlife, Maternal exposure before ogg production in birds,
fish and reptiles, or pregnancy and lactation in mammals, is associated with various affects an the
reproductive systams of offspring and other effects such as decreased survival and sfructural
deformities. Such effects may cause decreased fertility and survival, and lead to population
declines. These delatarious affects ware not reported to occur bafore 1950 and have been observed
in areas known to ba contaminated with man-made organachloring chemicals such as the Great
Lakes in North America. Tha problem is however not isolated, and today many wildlife populations
are at risk (Colborn et al. 1883),

In humans and animals alike, studies have shown that the embryofetus is the most sensitive
lifestage to toxic insult from organochlorine chemicals, Many of the developmental effects in
wildlife species appear to be due to disruption of the endocring system. Some othar effects may be
mediated through the Ah receptor mechanism, Effects include abnormal sexual development and
reproductive disorders, neuratoxic effects {eg.) behavioural abnormalities and immunoloxic
effacts. These findings have been confirmed in axpariments with labaratory animals. In humans,
prenatal exposure to the synthetic oestrogen DES has provided a clear modal for similar effects
caused by increased exposure to cestrogens [Colborn et al, 1933}, Moreover, limited evidence fram
studies on humans exposed prenatally 1o organochlorines, shows that effects in wildlile
populations are similar to effects in humans. Indesd it has been stated that wildlife are reliable
sentinels of effects of chemicals en human populations (Wingspread Conference 1993). Examples
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of gimilar reproductive problams in wildlifs and hurmans are given balow,

In humans, reproductive abnormalities have occurred in male and female offspring following
prenatal expesure to DES. Small phalli wers also found in male boys bomn to woman who ware
axposed to high lavels of FCEs and dioxins in the Yucheng disaster. Similar reproductive problems
are also evident in many wildlife species. For example, endocrine disruption and abnormal
reproductive structures eg. small phalli have been found in declining populations of alligators in
some Florida Lakes which wers previously contaminated with organochlorines. Recently, it has
been revealed that female Florida panthers have high tissus levels of organochlorines and
repieductive problems are being found in their offspring. Specifically, mals offspring have a vary
high incidence of eryptorchidem. Males also have low sperm concentrations, poor sparm miatility, a
high preponion of sparm with marphological abnormalities and male sterility may be a problem.
These repreductive problems are clearly comparable to recent findings in the male human
population which indicate decreasing sperm counts, sperm quality and reduced fertility (Danish
EFA 1885).

It is now becoming apparent that endocrine disruption and comparable effects from sxposure to
organochlorine chamicals are avident in wildlife and humans, It is therefore now a matter of
urgency that the warning signals of adverse effects seen in wildlife populations should be heeded.
Present day testing of chemicals for risk assessment does not include long term developmantal
studies or consider hormona-disrupting effects. The current andpoints in testing {carcinogenicity,
scute toxicity and immediate mutagenicityl therefore cannot detect the toxic effects of many
argancchlorine chemicals. Consequently, the present system of testing chemicals has led to the
misconceplien that hormone-disrupting chamicals as well as organochlorines [eg. dioxins) which
may exert developmental toxicities through other mechanisms, do not pose a threat to wildlife,
domestic animals or humans (Colborn et al. 1953) In addition, many organochlorines are produced
which have undargone little or no toxicity testing and are essantially regulated as though they ware
safe. Clearly, eurrent regulatory systama have (ailed to protect wildiife and human health,



Cancer

3.1 Introduction: Cancer and environmental chemicals

it has been estimated that B0% of all cancers in the US, and about 50% of cancers in Europa are
caused by environmental factors (Moller 1883). These factors include environmental agents,
namaely chemicals, radiation and viruses and also factors related to lifestyle such as diet,
occupation, smoking and alcohol consumption (Moller 1993, Silberhorn at al. 1990). Sevaral
classes of chemicals have boen found to induce cancer. Such chamicals are called chemical
carcinogens, and include some organcchlorine compounds.

Developmant of Cancer

In ordar to induce cancer, most chemical carcinogens have to be metabolised in the body to
anather form. This involves conversion of the chemicals by enzrymes (sg. eytochrome pd50
enzymes} into other forms (electrophiles). These slectrophiles may ba more reactive than the
ariginal chemical, They may react with DNA causing mutations in DNA or activate genes called
ancagenes which are associated with the formation of cancer (Parke 1994), Such genetic changes
are thought to be critical in the process of cancer development.

The development of cancer s very complex but the first stages can be simplified into phases called
initiation and prometion. Initiation involves an initiating agent (eg. a chemical) causing damage to
DNA such that it produces a mutation. The second stage, promation, involves subsaquent repeated
exposure to & promoter {eg.a chemicall which results in the selective growth of such genstically
mutated cellis). The development of cancers in this way is thought to be a multistage process
invalving several mutations and many different mechanisms of promotion which govern tha
growth of these genetically altared calls. Initiation may oceur after enly & single dose of a chamical
carcinogen, but repeated exposure (o a promoter is necessary for the promotion phase. Chamicals
that can act as initiators and directly damage DNA are known as genatoxic. Thosa chemicals which
are promolers are not genotoxic and cannot usually produce cancer on their own, but can increase
the risk of cancer by leg.) increasing the growth rate of mutated cells, Some o rganachioring
compounds sre ganotoxic while others can act as cancer promoters. Long-term exposurs to trace
amounts of organochlorines such as in the diet or in polluted air may tharafore lead to the
formation of cancer (Silbarhorn et al. 1990, El-Bayoumy 1902).

Cancer development is complex and exposure to a chemical carcinogen may ba influsnced by a
number of other factors. For example, promotion of cancers is modulated by diet, hormonal and
anvironmental factors. & chemical may also snhance or inhibit tumour promotion if there is
simultaneous exposure to another carcinogen (Silbarhorm et al, 1950].

Evidanca for & link batween environmental chemicals and cancar

There are several in vitro tests which can detect if chemicals can cause genetic damage. Animal
axperiments also provide important information on the role of chemicals in the induction of
particular types of cancer. Together these tests are used 1o provide an understanding af how
snvironmaental chemicals can lead to cancer in humans, Evidence from spidem iology studies in
humans is essantial if a link between environmental chamicals and eancer is to ba found, but
inferance from animal and in witro data is also necessany to provide conclusive proof of such a link.

The international Agency for Research on Cancer (LARC) has classified many chamicals as known
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of suspected human carcinogens based on axparimental and epidemioclogical evidence which is
available, Table 3.1 lists commenly known organochlorines chemicals classified by the LARC as
known of probable human carcinogens, Numerous erganochlarine chemicals which could be
carcinogens will not be included in this list becausa little or no toxicology data exists for tham. it is
also noteworthy that other regulatory bodies in different countries may list more chemicals ag
carcinogens than table 3.1, because the toxicological evidence used for such classification systems
diffars nationally.

3.2 Liver and Intestinal Cancers

Thera is conclusive evidence from animal experiments that long-term exposure 1o some mixtures
of PCBs induces liver cancer (hepatocellular carcinoma). Thera is also some avidencs that stomach
cancars can rasult from PCB axposune. Most animal and in vitro siudies show conclusivaly that
some PCBs act as tumour promoters, but a few studies suggest that PCBs may also be genotoxic
[raviewed by Silberhom et al. 1950),

Thare are a few epidemiclogy studies in the literature relating to the mortality of humans exposed
sither accidentally or cccupationally to PCBs. Studies of deaths among the people who ware
sxposed to PCBs and dioxing in the Yusho incident showed that the total cancer mortalities (33
observed vs. 15.51 axpected) and deaths from liver cancer {8 observed vs. 1.61 expected) in males
were significantly higher than expected. Stomach cancer mortality was also elevated (B observed
5.69 expocted) but was not statistically significant. These results were consigtant with animal
expariments and the study concluded that the poisoning incident may have caused liver cancor
{reviewed by Silberhom et al. 1930).

A study of workers exposed to PCBs at a capacitor factory in the U.S found that the total numbar of
deaths from cancer (62 observed vs. B0 expected) was less than expected, but thare was a
significant excess in cancars of the liver, gall bladder and biliary tract (6 observed vs. 1.9 axpaciad),
{Brown 1987). A similar study at a capacitor factory in ltaly reporied an a gignificant excess from the
total number of deaths from eancers and a significant increase in cancers of the digestive tract (2
stornach, 2 pancreas, 1 liver, 1 biliary tract vs. a total of 2.2 expected), (Bertazzi ot al. 1987).
However, another study at a capacitor factory in Sweden did not reveal an excess of cancers or liver
cancer, but this study was ralativaly small (Gustavsson st al. 1988],

As a whole the few epidemiclogy studies on PCBs are not conclusive. However, thay do suggest an
association between exposure to PCBs and the development of cancer, particula riy liver cancer and
cancers of the digestive tract. The epidemiclogy studies are also congistent with results from
animal studies. Consequently the US EPA has classified PCBs as probable human carcinagans and
have recommended a concentration of zaro in drinking water. Bacause this js not yat achievable, in
1889 the EPA proposed a maximum contaminant level in water of 0.0005mg/ and calculated this
would correspond to an sxcess lifetime cancer risk of slightly lass than 1 in 10,000 (reviewed by
Silbarhorn ot al 1950).

In 1978, an accident in a chemical plant near Seveso, ltaly, exposed the local population 1o high
levels of dioxin (2,3,7 B-tetrachlordibenzo-p-dioxin, TCOD), An epidemiclogy study of parsons
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residing in the area has found a two-fold axcess in liver cancer (4 casas) and cancer of the
gallbladder and bile ducts {5 cases), and a 1.8-fold increase in hepatobilary cancers (10 cages). This
study suggested an association between exposure to dioxin and thess cancars, although the study
was limited by only a shert latency period of 10 years, which may ba an inadequata time for the
true number of cancers resulting from the accident to develop (Bertazzi et al. 1893),

Pancreatic Cancer

Studies in animals have found that exposura to DDT increases the risk of developing pancreatic
cancer. A recent epidemiology study has found a strong association between axposura ta DDT and
pancrealic cancer (Garabrant et al. 19972). A chemical company in the US initiated a program in
1871 in which a monality register of employees at the plant was recorded. In 1887 it bacame
apparent that there was an excess mortality from pancreatic cancer. Following thess results a study
was conducted to investigate if any chemicals at the plant were sssociated with thase deaths.
Subjects wers carefully matched to control individuals so that risk factors for pancreatic cancer like
emoking were eonsidered. Results showed that there was & strong association betwean DOT
exposure and pancreatic cancer which was not explained by lifestyle or othar chemicals at the
plant. The risk increased with duration of exposure and the time since first exposura. Comparad
with non-exposed workers the risk of pancreatic cancer was 4.8 times greater in workers exposed
o DOT {relative risk, RR = 4.8: 85% confidence interval = 1.3-17.6). In workers with a mean exposure
te DOT of 47 months, the risk wae 7.4 times as great than workers with no exposure. The study
concluded that heavy prolonged expesure to DOT may cause pancreatic cancer, Othar Ecientists
have commented that the study suggests a real sssociation (Malats at al. 1993). However, more
than one epidemiology study will be needed for conclusive avidence.

3.3 Respiratory Cancers

Chloromathyl Ethars

Chlaromathyl ethers are organochlorine chemicals which are used in the chemical industry. These
chemicals contain bis-chloromethyl ether (BCME) as a contaminant which causes respiratory
cancers in animals. Epidemniolagy studies have shown that warkers axposed ta chloromathyl
athers have an increased risk of respiratory cancers which is thought to be caused largely by BCCM
(Gowers et al. 1993), Consequently, the International Agancy for Resaarch on Cancar have
classified chloromethyl ethers as human carcinogens (see table 3.1).

A general finding of the epidemiclogy studies is that oxposure to chloromethyl ethers results in
slevated rates of respiratory cancer among workers but no excesses of other cancers (see og.
DeFonso and Kelion 1976, Pasternack et al. 1977, McCallum ot al. 1583, Mahar and DeFonso 1987
and Gowers et al. 1993}, Studies have shown elevated risks of respiratory cancars in exposed
workers compared to unexposed workars of, for example, 2.78-fold, 3.8-fold and 5-fold in studias
by Mahar and DeFonso 1987, DeFonso and Kelton 1876, and Gowers ot al. 1583 respactivaly, The
epidemiclegy studies also clearly indicate that the risk of respiratory cancers increases with
increasing intensity and duration of exposure, and in groups of highly exposed waorkers greater
than 10-fold risks have been repored leg. Pasternack et al, 1877, Maher and DeFonso 1987).

1
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Other organochlorines

A study of workers at a dye and resin manufacturing plant in the U.5. found an sssociation babtwosn
lung cancer and sxposure to anthraquinone (AQ) and epichlorohydrin (ECH) dyes and chlorine
(Barbone et al. 1992). ECH is & carcinogen in exparimental animals and is classified as possible
human carcinogen. The study investigated 51 cases of lung cancer which occurred in a group of
2642 mon employed at the plant after 1952. The subjects wers comparsd to non-axposed control
subjects who were matched for smoking status. There was a 2.4 fold incresse in lung cancer cases
i workers exposed to the dyes {odds ratio = 2.4;95% confidence interval (Cl) 1.1-5.2). In addition,
acute exposure to chilorine {in & cases) was associated with a 27 fold increass in the rate of lung
cancer (OR = 27;95% Cl = 3.5-205), and routine expesure to chlorine (in B cEESE) Was associated with
an 8.9 fold increase (OR = 8.9;95% Cl = 2.0-40). The number of individusls exposed to chlorine was
however too small to prove a link between axpasure and lung cancer. The etudy concludad that
axposure to chlorine and employment in AQ and ECH dye preduction are sssociated with lung
cancer exposure after adjustment for smoking. However, more research s necassary 1o clarify
whather axpasure to these chemicals causes lung cancer,

Other studies have also found an association between exposure to chlorine and lung cancer. For
axample, in a Norwagian cohort of magnesium production workers with potential exposure to
chiorine gas and other chlorinated by-products such as hexachlorobenzene, the relative risk {RA)
forlung cancer was 1.8 (85% Cl = 1.2-2.5). The excess was particularly svident in individuals wha
ware employed for 10 years or more and with at least 20 years since first employmant (Heldaas
1589). A Swedish study of chloralkali workers who were exposed to chiorine reported a 2-fold
increase in risk for lung cancer was (RA = 2.0; 95% Ck1.0-3.8), {Barregard 1890). These studiss do
suggest an association between chlorine exposure and lung cancer, but they could not adeguately
control for smoking and other occupational exposures including ssbestos.

Fulp and paper mill workers are also exposed to chlorine and a number of chlarinatad organic
compounds formed during the bleaching process including dioxing (PCODs and PCDOFs), A fow
studies have revealed an excess of lung cancer among pulp and papar workers {eg. Jappinen et al.
1987, Jappinen and Pukkala 1991). A study in Finland found an sxcess of lung cancar amang men
working at pulp and paper mills, especially among board mill workers where the incidence of lung
cancer was mora than twice that expected, (40 ocbesrved, 18.1 axpacted standardised incidenca
ratio (SIR) 222, 5% Cl = 158-302). The risk was further increased after a latency period of 20 years
{25 observed, 7.8 expacted, SIR 323, 95% Cl = 208-478), [Jappinen ot al. 1987), Another Finnish
study found the incidence of lung cancear was & times higher than expected (6.0 cbsarved, 1.0
expected, 5IR 6.3;95% Cl = 2.3-14) in a study pepulation of 152 workers. In thase studies the
incidence of concer was compared with local axpacted rates rather than using control subjects and
censequently results were not adjusted for smoking. However, it is unlikely that smoking alone can
explain the excess risk of lung cancer found (Jappinen and Pukkala 1891), A study by Fingerhut at
al. (1931} in the USA, investigated cancer mortality in a large group of workers who produced
chemicals which were contaminated by dioxins. Mortality from respiratory cCancers was
significantly increased {1.4-fold) in workers who were exposed to the chemnicals for greater than 1
year with at least 20 years latency, (Standardised mortality ratio, SMR = 142; 85% Cl = 103-192). This
ncrease was most likely not dus to smaking.

In conclusion, chleromethyl sthers are classifisd as human carcincgens and have baan strongly

&7
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associated with respiratory cancers following sccupational axposura. Thera is also evidence which
strengly suggests that cccupational exposure to chlorine, dicxins and other organochlorines in the
pulp and paper industry is associated with an increasa in the incidence of respiratory cancers.

3.4 Soft Tissue Sarcoma and Non Hodgkin’s Lymphoma

Soft Lissue sarcoma (STS) is a rare form of cancar, affecting for example only 4 in 100,000 peaple in
England and Wales (Erahams 1982]. 5T5 is & genaral term for tumours which develop from
different types of connective tissue in the body, including fat, muscle, peripheral nerve, blood and
lymphatic tissue. Several apidamislogy studies have suggested an association between increased
incidence of 5TS and occupational exposure to chlorophenols and phenoxyscetic acids, although
some studies have found no association. Chiorophencle include the chemicals trichlorophenal,
tatrachlorophenal and pentachlorophenol, and phenoxyacetic acids include 2,4,5-
trichlorophenoxyacetic acid (2,4,5-T) and 2,4-dichlorophenoxyacetic acid (2,4-D). These chemicals
are known 1o cause cancer in laboratory animals and are classifiad as probable human carcinogens
by the IARC. It has been suggested that whila chlarephencls and phenoxyacetic acids may cause
S135, it is also possible that dioxins, which are present as contaminants of some phenoxyacetic
acids and all chlorephenols, may be partly responsible for increased rates of 5T5 seon aftar
axposure to thess chemicals,

Several epidemiclogy studies on the incidence of soft tissue sarcoma in relation to exposure to
chlorophenols and phenoxyacetic acids have been conducted among workers of various
occupations in Sweaden (eg. forestry, agriculture, painting, carpentry and saw mills), {eg. Hardall
and Sandstrom 1379, Eriksson et al. 1381, Hardell and Eriksson 1988, Eriksson et al. 1990). These
studies estimated occupational exposure 1o chlorophenols and phenoxyacetic acids from
questionnaires given to subjects or their families. All the studies found an association between
exposure to phenoxyacetic acids and 5TS whilst 3 of the studies also found an association with
exposure to chiorophancis. An approximately 3-fold increasas in risk for 5TS was reported with
exposure 1o these chemicals in tha first studies.

In the most recent of the studies (Eriksson et al. 1990), there was a 1.8-fold increase in risk of 5TS
associated with exposura to chlorophanols or phenoxyacetic acids, Whan the risks of exXposUre 1o
both chemicals were considerad separately, it became apparent that dioxins, present as
contaminants of some of the chemicals, may have been partly responsible for the increased
incidence of STS. For example, all chlorophenals are contaminatad with dioxing and thare was a &-
fold risk with high exposure to chiorophenals in this study (AR = 6,25; 95% Cl = 1,69-16.34). Not ali
phenoxyacetic acids however are contaminated with dicxins and the risk of axposure to these
compounds was lower than for chlorephencls and not significant (RR = 1.34: 95% Cl = 0.7-2.58).
Moreover, the phenoxyacetic acid 2,4-T is contaminated with the most potent of the dioxin
congenars (TCDD) and if exposure 10 2,4-T was not included in thae latter calculation the risk was
lower (RR = 0.65; 85% Cl = 0,18-2.086).

studies on exposure to dioxing have suggested an association with an increased risk of STS. For
exarnple, a study by Fingerhut et al. (1991) reported a significant 8-fold increase in mortality from
STS in a group of workers who were axposed 1o dioxins for at least 1 yoar with 20 years latency,
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although the number of cases was small {3 deaths, SMA = 922; 95% Cl = 180-2685). A study on
cancer incidence following the Seveso incident found a 2.3-fold increass in the incidance of 5TS
after a latency of 10 years (Bertazzi et al. 1993).

A recent study in Sweden undertaken by the LARC assessed cancer incidenca in 270 chlerophenoxy
herbicide/chlorephencl production workers who wers amployed betwesn 1864 and 1978, Analysis
of blood from B of the workers revealed that even 168-21 years after employment, the concentration
of dioxin (TCDD) in their blood was very high (the highest ever found in Sweden) compared 1o
levels in blood of matched control individuals. The study found no link betwean axposure to
phenaxyacetic acide/chlerophenols and an increased incidence of 5TS or MHL between 1965 and
1983, Howaever, the number of individuals in this study was ralatively small and further studies ara
baing conducted on larger numbers of workars (Littorin et al, 1584),

Owerall, the results of the Swedish studies suggest that #xposura to chlorophenols and
phenoxyacetic acids are associated with an increasad incidence of 5TS. Results from studies on
axposure lo dioxing and the most recent Swedish study (Eriksson at al, 1990) suggest that this may
be partly due to contamination of these chem icals with dioxing. The authors suggest that
inconsistency in results of other published studies may be axplained by the differing amounts of
dioxin contaminants in the chemicals. Other studies of workers exposed to phenaxyacetic acids,
chlorophencls and dioxins in the chamical industry have also found an association with an
increased incidence of STS in the workers leg. Fox and Collier 15877, Cock 1881, Johnsaon at al, 1581,
Honchar and Halperin 1981). As a consequenca of the growing body of evidence which suggests an
association between these chemicals and STS and possibly non-Hodgkine lymphoma (see balow),
pentachlorophencl has bean banned in Sweden, Switzerland, Germany, Denmark and Sweden
(Reigner ot al. 1953).

Non-Hodgkin's Lymphoma

Non-Hodgkins lymphoma (NHL) is a cancer of the lym phatic system. Epidemiology studies suggest
that there is a strong association between exposure to phenoxyacetic acids and NHL. There is also
some avidance that use of the phenoxyacatic acid 2,4-D may ba linked to NHL.

Several studies on have found that a higher risk of NHL is associatad with farming (eg. Cantor 15832,
Burmeister et. al. 1883, Buesching and Wollstadt 1984). A waell designed population-based study in
the state of Kansas in the LS. investigated the incidence of NHL in agricultural workers exposed to
phenoxyacstic acid herbicides compared to non-axposed control subjects (Hoar et al. 1986), 5TS
was not found 1o be associated with exposure, but men axpasad to herbicides for more than 20
days per year had a 6-fold increase in the risk af NHL (odds ratio (OR) = 6.0:95% Cl = 1,9-19.5),
Moreover, the more frequent users who mixed or applied herbicides themsalves had an B-fold
increased risk (OR = 8.0; 95% Cl = 2.3-27.9). The excesses appaared to be associated with exposure
to the herbicide 2,4-0. This phenoxyacatic acid harbicide does not contain the most carcinogenic
dioxin congener (TCOD although it may be contaminated with othar less toxic dioxin congeners.
The authors concluded that results were consistent with & pravious Swadish study in which
exposure to phenoxyacetic acids not likaly to be contaminated with dioxing were associated with
an increased incidenca of NHL.

A similar study among agricultural workers in eastern Mebraska, where previous studies had
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revaaled a 2-fold increase in NHL, found an association betwean NHL and axposurs to the
phenoxyacetic acid herbicide 2,4-D (Weisenburger 1850). The risk of developing NHL was 1.5 times
higher than for non-exposed workers and the risk increased as the use of the chemical incraased.
For axample, mixing or applying 2,4-D more than 20 days per year was associated with a 3-fold
increased risk (OR = 3.3; 85% C1 0.5-22.1). Tha risk also increased if workers did not change their
clothes after using the herbicide.

A study of nearly 70,000 Canadian farmers in the Saskatchewan provincs of Canada found that
herbicide use in 1970 was associated with a 2.2-fold increase in miortality from MHL in farmers
Iralative risk 2.2; 85% Cl = 1.0-4.5}. In addition, mortality ross significantly with an increasing
numbaer of acres sprayed., Although the study doss not address spacific herbicides, it indizated that
the phenoxyacetic acid 2.4-D accounted for 75% of the weight of all herbicide active ingredients
used in agriculture in Saskatchewan in 1970 (Wigle et al. 1850),

Finally, a population study in an area of northern ltaly where there had besn exiensive agricultural
use of phenoxyacetic acid herbicides (2,4-D, 2,4,5-T and 4-zhloro-2-methylphenoxyacetic acid)
since 1950 also found an increased incidence of NHL [Vineis ot al. 1981). All casas of 5TS and MHL
reported in the area between 1985 and 1988 were investigated. The study found a higher ineidence
of NHL in males living in more highly pollutad areas. The authors suggested that this increase was
moel likely dus 1o occupational rather than envirsnmantal axposure to phenoxyacetic acid
harbicidas.

In summary, there is evidence which suggests a strong association between STS and axposure to
chiorephenols, phenaoxyacetic acids and dioxing in industry, Similarly, evidence from
epidemiological studies alsa suggests a strong associalion between NHL and BXpOEURS 1O
phenoxyacetic acid herbicides, espaecially fram agricultural use. As a result of some of these studies
the phenoxyacetic acid herbicide 2,4-0 was withdrawn from use in Sweden in 1891, Although some
scientists balieve that there is an association between exposure to this group of arganochlarine
chemicals and developmaent of ST5 and NHL, not all think there is sufficient evidance epacifically
on 2,4-0 to ban it from agricultural use (Ibrahim et al. 1991), Consaguently 2,4-D is still a wary
widely used herbicide in other countries {Sharp and Salleh 1583), It is, however, difficult 1o prove
with epidemiclogy studies that an individual chemical causes eancer end consequently science
usually deals with probabilities rather than proofs. In the case of occcupational exposure to
cehloraphanols and phenoxyacetic acids the weight of evidence does suggest a strong association
beth soft tissue sarcomas and non-Hodgkins lymphoma. It would therefors seerm appropriate to
follow the precautionary approach already adopted by & Swedan for 2,4-D and a few European
countries for pentachlorophancl, and phase out the use of these chemicals in indust ry and
agricultura.

Aplastic Ansamia

Aplastic anaemia is regarded as a pre-cancerous disorder which affacts cartain white blood cells
and consequently affects immune systemn functioning. The association between the development
of aplastic anaemia and previous exposurs to industrial chemicals has been recognised for many
years although no individual chemical has been suspected in most cases. A review of the available
Inerature in 1983 confirmed that 280 reponed cases of aplastic ansamis ware associated with
pesticide exposure (Fleming and Timmeny 1993). Raga rding exposure to specific organochlorine
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chemicals, it was recantly noted in several case studies that aplastic anaemia was assoclated with
exposure to lindane (v-hexschlorocyclohexanae) or pentachlorophenol, following trestment of
timber for woodworm in the home and afier occupational exposure (eg. Rugman and Cosstick
1880, Brahame 1992, Brahamas 1584),

Lindane is known to cause cancer in animals and according to the WHO raport on lindane it is
reasonable to regard such a chemical as posing a carcinogenic risk in humans [Rugman and
Cosstick 1920). Although there are no apidemiology studies on exposure to arganochlorines and
aplastic anaemia the available individual case studies do suggest that aplastic ansemia may be
causad by exposure to lindane. Legal claims for compensation have baen made and ane firm of
solicitors in the UK reported over 60 cases where injury was claimed as & result of exposure to
wood treatment chemicals {Brahame 1852,

3.5 Bladder and Rectal Cancers Associated with
Chlorination of Drinking Water

Chiorine (hypachlorite) is added to drinking water in many countries as a disinfectant to pravent
infectious diseases. It has proved to be an enormously successful healthcare measure, doubtlassly
praventing widesproad illness and death. In 1974, it was found that chlorination of water resulted in
the formation of many volatile organic ehlorinated compounds from reactions of chlorine with
organic matter in the water, Most of these by-products are called trihalomethanes (THM) and
include chloreform which is known 1o cause cancer in animals. Chemical analysis of chlorinatad
walar samples has since detected hundreds of other nonvalatile chlorinated substances which anly
occur at traca levals (<1ppb) much lower than levels of THMs, but are also toxic. Extracts of
chlorinated by-products from drinking water have baan shown to be genotoxic in a wide range of in
witro assays using bacterial, rodent and human cells (Wilcox and Williamson 1986). Over the last 20
years since the discovery of THMs in drinking water, many epidemiclogy studies have been
conducted to investigate whather cancer risk is elevated in humans as a result of ehlorination by
products in drinking watar (Zislar ot al. 1988, Cantor 1994),

Evidenca from many of the spidemiclogy studies has suggested an asscciation betwaan
chlarination of drinking water and an increased risk of cancars of tha bladder, colon and rectum
(Cantor 1994). The studies included ecologic surveys which compared morbidity or morality rates
from cancer in areas which used chlorinated surface water source to areas which used a
nanchlorinated ground water source. Several (case-control) studies which matehed individuals
with control subjects were also performed using death canificate records. Both of these typas of
study ean be subject to many sorts of biases. Nevertheless, data from the studies was consistent in
revealing small excesses in bladder, colon and rectal cancers.

Afew racent case-control studies have collected more reliable data uging interviews rather than
death certificates, so that an individual's lifetime exposure 1o chlorinated water sources could be
sssessed accurately (eg. Cantor et al. 1987, McGeehin ot al. 1983). Thess studies also found that the
risk of developing bladder cancar increasad with long-term exposure to chlorinated water, and that
the risk increased as duration of exposure increased. It has been suggested by the IARC that there
i inadequate information to assess risk for development of cancer in humans fram chiorinated
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drinking water alone (Dunnick and Malnick 15983). However, the growing body of svidence of
toxicological and spidemiological data suggests that the relative risk is likely to be 1.5 to 2 for
bladder and rectal cancers (Cantor 1554),

It is not clear which chiorinated by-products in water are respongible for the associated increasad
riek of eancers. Recent animal studios have suggested that the organic by-products of chlorination,
namaly THMs, are of greatest concarn (Dunnick and Melnick 1993), However, there is also
increasing evidence that the nonvolatile chlorinated by-products are carcinogenic and are
responsible for a major part of the texicity (Cantor et al, 1987, Cantor 1984). The US EPA and water
authorities in England and Wales have set limits for trihalomethane lavals at 100ug/L ior pph)
(Zieler ot al. 1988, Watar Supply (Water Quality) Regulations 1389). Further limitations an levels
requires major shifts in treatment practices. Possible alternatives to chlorination such as ozone
treatment and UV treatment are being studied in some countries as a result of animal and
epidemiology studies on cancer from watar chlorination (Zieler et al. 1988). Some cities and towns
in the LS and Europae are already using allernative techniques such as ozone and UV treatment,

3.6 Other Cancers

Mortality from all Cancers after Dioxin Exposura

There is conclusive avidence that dioxin (TCDD) causes cancer in animals. Recant epidemiclogy
studies have aleo shown that exposure to dioxing is strongly associated with an increass in
monality of all cancers considered tegether (Zober et al, 1980, Manz et al. 1891, Fingarhut et al
1891} These studies reported on mortality from cancers in workers who were occupationally
exposed to dioxins. Manz et al. {1891} studied & wroup of 1583 workers employed who had bean
exposad to dioxin (TCOD) threugh employment in a herbicide plant in Germany. Cancer mo rtality
was incroased 1.8 timas among men with 20 or mare years of employmaent at the plant, comparad
0 other non-exposed workers (Standardised mortality ratio, SMR = 1.82: 95% C] = 0.97-2.11).
Workers employed balors 1955 ware exposed to very high diaxin lavels and these men, who had
also been employed for at least 20 years, had an even greatar increass in cancer mortality risk
(SMR = 2.24; 85% Cl = 1,19-3.83),

The study by Zober el al., {1990) investigated cancar mortality among 247 workers who were
exposed to excessive amounts of dioxin in 1954 after an aceidant &t a chemical plant in Germany, it
alse revealed a significant increass in total cancer mortality 20 or mare Yaars after oxposure in
individuals whao wara highly exposed to dioxin (SMR = 2.0 1; 95% Cl = 1.22.3.15), A study by
Fingarhut et al. (1991) was performed on a group of 5172 workers who produced chemicals
contaminated with dioxin (TCDD). This study found that martality from all cancers was increasad
by 1.46 times which was statistically significant (SMR = 1,48; 95% C| - 1.21-1.76).

The epidemiology studies on dioxing have recently been reviewed by the US EPA (US EPA 1954),
The review suggests that epidemiological evidence is consistent with experimental studies, and
indicates that dioxins are Potentially multisite carcinogens. Although tha avidence is not
considered sufficient 1o confirm that dioxin causes increased cancer incidence, the EPA concluded
that dioxin (TCDD) probably increases cancer martality of several types.



Effects on the Nervous System, Inmune
system and the Liver and Kidney in Adults

4.1 Neurotoxicity

There is svidence from animal and epidemiclogy studies that some organcchlorine ehamicals are
toxic to the nervous system. The mechanisms by which these chemicals produca damage is not
complately understood, but is believed to be due to interference with various hormonas and
receptors, as well as enzymes and chemicals (neurotransmitters) which are invelved in the
transmission of nerve impulses.

PCEz and Dioxins

Many case studies and a few epidemiclogy studies have recorded neurotoxic affects shorily after
exposure to diexing in occupationally exposed individuals. Symptoms of bath peripheral and
caniral nervous systam toxicity have been found, in some cages lasting for many years. Symptoms
nclude headache, insomnia, nervousness or irritability, loss of libido, fatigue, depression and
anxiaty. In one study on a group of 55 workers exposed to dicxin (TCDDY in the production of 2,4,5-
T. hexachlorobenzene and pentachlorophenaol, severs neuratic symptome wara recorded in 64% ol
the workers. Forty-four of the workers waere tested again 10 years after the initial examination, and
58% of them continued to have neurotic symptoms, showing that neurological damage could
parsist for long durations.

Studies on Vietnam veterans who were exposed to diexins and individuals who wers exposad to
dioxins at Seveso have found some evidence of neurctoxicity, although there did not appear 1o be
any long-lerm neurclogic affects as in exposed occupationally exposed workers (reviewsd by U5
EPA 1354b).

Animal studies have shown that PCBs are toxie to the adult nerveus wystem., Recont studies have
shown that the mechanism of this neurotoxicity is largely due to altered levals of 8
neurotransmitter found in the brain called dopamine. Further in vitro studies have found that this
probably occurs bacause PCEs inhibit the synthesis of dopamine by affecting a certain enzyme
(reviewed by Seagal and Shain 1992). A recent study on monkeys which were fed PCBs in their diet
showed that short term exposure to PCBs had long-lasting effects on depamine concentrations in
the brain (Seegal et al. 1994). For example, the animals were fed PCBs far a poncod of 20 weeaks,
tollowing which some were sacrificed immediately and others were observed for an additional
period of 24 or 44 weeks with no more exposure 1o PCBs. The lavels of PCBz in the animalz Brains
wera significantly lower in animals which were not sacrificed until 24 or 44 woeks aftar BXpOsUre
compared 1o those which were sacrificed immediately. However, the lavels of dopamineg in the
brain ware significantly reduced (by about 60%) by the same amount in all of the animals. Thus the
initial axposure to PCBs resulted in long-lasting effects on dopamine coneentrations in the brain,
even though the levels of PCBs in the brain declined over tima.

The above experiment has some relevancs 1o workers who are occupationally exposed to PCBs. PCBs
are used in the manufacture of transformaers and capacitors. Although the levels to which the
monkeys ware exposed are much highar than would be expected for humans axposed occupationalhy,
the monkeys were exposed for a relatively shont period of time compared to many workers. Most
impartantly, it was found that blood levels of PCBs in the animals (about Tppm) ware virtually
identical 1o levels found in the blasd of capacilor workers (aboul 3ppm), (Seegal et al. 1894). However,
there have been few studies on the nervous system affects of FCB exposure in such workers,
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Studies in humana have baen carried out on workers exposed to PCBs and dioxins [PCODYPCDFe)
fallowing fires involving transformers or capacitors (reviewad by Rogan and Gladan 1992}, Twa
studies showed that workers suffered from paripheral narve damage (distal axonopathy) following
exposure. Another study on fireman who ware exposed to these chemicals when extinguishing a
fire at a power house showed memory impairment and lower scores on cognitive lintelligenca)
tasts. Finally, in Japan and Taiwan in the Yusho and Yucheng incidents whers people consumed
rice which was contaminated with PCBs and diaxins, thars were signs of nerve damage in soma
adults who wera axposed to the chamicals, The nerve damage was characterised by decreased
speed in conduction of nerve signals in the peripheral nervous system (Seegal and Shain 1992).

Hoxachlorocyclohaxana

Gamma-hexachlorocyclohexane (HCH), {lindane), has been shown to have convulsive affects on
the narvous system following acute exposure to humans, but no effects wara sean in & study of
workers with lowar level long term lie. chronic) exposure (Baumann et al. 1881). However, & recent
study of 356 workers at HCH manufacturing plants in India found neurclogical symptoms in
workers (Nigam et al. 1993). Exposure was estimated from blood measuremaents of HCH (beta-HCH
and gamma-HCH). Various symptoms ware found among workers including an increase in the
incidence of headaches, giddines, malsise and nausea. ECG abnormalities were found in soma
workers which indicates disturbances in nerve function of the brain. Thess neurclogical symptoms
were found 1o be related to the intensity of HCH sxposura in the workers and appeared bo ba
caused by recent exposure to HCH. The results of this study are of great concern and further
manitoring of the workers was advised to check for signs of severs health impairmeant,

Parkinson's Diseasa

Parkinson's disease [PD) is a neurclogical discrder which is charactarised by tramor, decreasad
mobility and muscular rigidity. The prevalence of this condition, edpacially early onset Parkinson's
disease has increased in industrialissd countries in recant years compared with non-industrialised
nations. Family history is a known risk factor for PD and it is thought that cnset of PD'may result
from a combinatien of these genetic factors and exogenous toxing leg. environmental boxine or
particular foods in diet). Several epidemialogy studies in different countries have pointed to a
connection between exposure to pesticides and PD [reviewed Golbe 1993). Most of these studias
consistently show that exposure to pesticides and harbicides is agsociated with an increased risk in
Parkinsons disease, but cannot explain a la rge parcantage of PD cases,

A recent study by Flaming et al. {19984) screened for 16 organcchiorine pesticides in postmartam
Brain samples from 20 PD cases. DDE wae found in most of the braine and i matched control
brains. However, disldrin was detectad in 6 of the 20 PD brains but nonae of the control samples.
This 8tudy does not prove that dieldrin is involved in the onset of PD, but suggests that disldrin
should be investigated as a potential agent causing PD.

Chronic Motor Neuren Dissasa

Chronic motor neuron disease is a condition which affects motor naurons (ia. nerves/muscles
invelved with producing movement). It has been associated with various environmental toxing
including aluminium, manganese, salenium, lead and mercy ry. A recent study found that 2 patients
with a history of long-term exposure to organochlorine pesticides developed symptomas of chronic
motor neuron dissass and subsequently diad, Measuremants of organochlorines in their blood
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whan after tha diseasa developed revesled there were alevated levels of lindene and heptachlor in
blood from one patient and high levels of aldrin in the second patient. The study suggestad that
cases of motor neuron disease should be investigated further, particularly in Third World countries
where workers are not usually adequately protectad from pesticides (Fonseca et al. 1893).

4.2 Immunotoxicity

The immuna systam consists of a network of specialised calls which mount responses to foreign
substances in tha body to provent infection and disease, Some organachlorine chemicals are toxic
1o the immune system. The toxicity may result in 8 decrease in certain cells of the immune system
i which casa the host resistance to infection and tumours will be reduced. Altarnative Iy, toacicity
may result in an increase in immune system cells which can lead to sutsimmune disease (Thomas
18540},

Numerous animal studies have shown that many erganochlorine compounds including PCBe [Safe
15934), DOT, dieldrin, dioxins, hexachlorocyclohexane, haxach larsbénzane, chlordane and
pentachlorophencl are toxic to the immune system (Thomas 1990, McConnachie et al. 1991 and
1982}, Several epidemiology studies have also shown that some of thess chemicals are associated
with immunotoxicity in adults.

PCBs and Dioxins

Evidence from numerous studies in several differant animal spacies has demonetrated that the
immune system is a target for toxicity of diaxins (PCOD/Fs) and PCBa. Tha mechanisms for this
loxicity are not completely understood, but appear to invelve direct effects on some cells of the
immuna system and possibly indirect mechanisme via the endocring systam (US ERA 1554),

Animal studies provide evidence that exposure to low doses of dioxin (TCDD) results in increased
suscaplability to bactarial, viral, parasitic and neaplastic diseases (US EPA 1994a), Recant studies
have shown that these sffects cccur at extremaly low doses. Far axampla, mice which ware
challenged with influenza virus and subsequently exposed to a single low dose of dioxin (10 ngkg!
significantly increased monality levels (Burleson et al., submitted). The estimatad body burdan of
the animals at this dose was only Tng/kg (US EPA 1994a). Othar expariments have also shown
effects on the immune system at very low levels of dioxin. For axample, chronic (long-term) low
dose exposura ta disxin in marmaossl m onkeys demonstrated changes in lymphocytes at body
burdens of only 6-8Bngkg (Neubert et al, 1992). Results from such animal expariments are of
concern because effects on the immune system arae occurning at bedy burdens similar to, or within
an order of magnitude of currant human body burden estimatas {5-10 ng'kgl, (US EPA 1554b),

Epidemiology studies on individuals axposed to dioxing have recorded altarations in the levels of
diffarent types of immune cell populations. However, the specific call populations which are
atfected and whaether they increase or decreasa has not genarally been consistent from study 1o
$tudy. This may be because appropriate sensitive endpoints for assessing immunotoxieity of
dioxing have not yet been well defined (US EPA 1994a and 1594b).

Epidemiclogy studies following the Yusho and Yucheng incidents in Japan and Taiwan, in which
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pecple had eaten rice contaminated with PCBs and dioxins, showed significant reductions in some
types of immune system cells and an increass in respiratory bronchitis and skin infections in
exposad individuals, Several studies have found alterations of soma typas of immune system calls
were also recordad in residents who were potentially exposed to dioxin (TCDD) at Times Baach,
Missouri, although the changes were not always consistent with sach other or with animals
studies. (reviewad by Margolick and Vogt 1881, US EPA 1584a),

A follow up study of workers in Germany who were exposed 1o high concantrations of dioxin
(TCDD) after an accident at tha BASF plant was recantly published (Zober et al. 1994). it showaed
thet workers had experienced increased illness episcdss, including a significant increasa in
infectious and parasitic diseases and upper respiratory tract infections. Thesa rasulls ware
cansistent with reduced resistance to infection dus to immunotoxic sffects, It is possible that the
results were due to bias, but since there were a number of positive associations batweaen axposure
and increased disease incidence the associations are most likely real. Anather study on these
workers also found some lymphocyte cell populations were decressed in these workers (reviewed
by EPA 19894b).

Consumption of fatty fish from the Baltic Sea is an potential sourcs of human BXpOsUre Lo
erganochionne compounds including disxing and PCBe. A Swedish study investigated 23 malas
from the general population who had & relatively high fish consumption and a contral group of 20
males with virtually no fish consumption (Svensson et al. 1983). High fish consumption was found
1o be associated with a significant reduction in the levels of a type of call in the immune system
called natural killer celle. No changes in other types of call were found, Natural killer colls are
balieved to contribute to defense against viruses and cancer as wall a8 regulating tha functions of
other immuna cells (Margolick and Vogt 1991, Thomas 1990}, Othar studies on individuals
accidentally axposed to dioxing hewever have not found changes in natural killer calls.

Dioxin and AIDS

in the past few years thore hee besn o disconcarting spread of acquired immunodeficiency
syndrama (AID5) and, eoncomitantly, » continuous increass in the contamination of tha
environment with toxic chemicals including dioxins. It is possible that the eombined action of the
hurman immunodeficiency virus 1 (HIV-1) and dioxin on the immune system may be more
deleterious than each one alone, sinca for example, both sppear 1o have similar targets in the
immune system, causing suppression of cartain lymphocyta cells (T-cells). Recent studies on the
aclivation of HIV-1 infection now suggest that dioxin (TCDD) stimulates the production of the HIV-1
wirug in cultured human cells by activating genes in the virus (Teyriov and Pokrovsky 1983, Yao at
al. 1895),

In one study (Teyrlov and Pokrovey 1993), MT-4 human lymphoid calls were incubated with dioxin
(TCDD). After & few hours tha calls were then infected with the HIV-1 virus. Results showaed that by
first adding dicxin to the cells there was an increase in HIV-1 production, com parad to when calls
ware infected with the HIV-1 virug alone.

A recent study (Yao et al. 1985) provides a possible axplanation of the mechanisms by which dioxin
increases HIV production in call culturas. Exparimants showed that TCDD activates the BXpresgion
of cartain genes of the HIV-1 virus by 2.5-3 fald. (The genetic ssquence which was actived by dioxin
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chlordane is now banned in the USA it is still exported 1o other countries. Similarly, PCP is still used
in many countrios.

Summary
Studies show that organochlorines cause immunotoxic effects in adult animals, Evidence from

epidemiclogy studies is sparse, but existing data suggests that exposure to organochlorines is
associated with immunotoxic effects. Accidental exposure or a high dietary exposure 1o dioxins
and FCHs has been associated with alterations in calls of the immune system, and accidental
exposure has &lso been associated with increased respiratory tract infections. Exposure 1o
chiordane and pantachlorophenol in the home following treatment for pests has beean associated
with long-term alterations in immune system calls.

4.3 Liver and Kidney Toxicity

One of the functions of the liver and kidney is to detoxify substances in the body. Many
environmental contaminants are detoxified by liver enzymes and measuring the levels of thase
enzymes can indicate toxicity to the liver. Some erganachlorines are toxic to the liver and kidney in
labaratory animals. These include dioxins, the pesticide chlorodecons, tetrachloromethane,
bromotrichlormathane (Rao et al. 1980) and dichlorobanzene (Valentovic et al. 1981), which is used
in the chemical industry and some chemicals in the home such as insect repellent and toilet
decdorizer. There are currently very few studies which have focused specifica lly an liver and kidnay
toxicity in humans following exposure to organochlorine chemnicals.

A study of workers at HCH manufacturing plants in India found significant chan ges in liver entymes
which related to the levels of HCH in the blood of the workers and strongly suggested liver injury.
The findings waere reported to be consistent with ancther previous study which faund liver Injury
{cirrhosis and chronic hepatitis) in 8 workers who ware exposed to HCH and DODT {Migam at al,
154931,

Water Chlorination

Chlorination of water results in the production of chlorination by-products, some of which are
kmown 1o be carcinogenic in animals (see section 3.8), These compounds can be absorbed into tha
body by ingesting water or by inhalation and absorption through the skin whilst bathing/showering
{Weisal and Chen 1893). For individuals using chiorinated swimming pools, inhalation is the main
routa of axposure, and since the chiorinated by-products are volatile, particularly high exposures
are expaerienced by those who swim for a long time under physical strain. Studies on compatition
swimmaers using indoor chlorinated swimming pools have found that ehloroform levels wers
slevated in their blood {Aggazzotti et al. 1990, Aiking et al. 1994), Swimmaers in outdoor pools
howaver had similar blood lavels of chloreform as non-swimmers {Aiking ot al. 1984), In this study,
10 compatition swimmars whao trained in indoor pools had tests for liver function and kidnay
hunction. No subjects had abnormal liver function, However, in the youUngar BWimmars an anIymes
related to kidney function (B2-microglobulin) was higher than normal. This indicated that thers
may ba kidnay damaga and that furthar investigation wae neaded because such damage could be
problamatic in later life. More studies on a larger number of swimmers would be necessary to
confirm the findings.
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5.1 Organochlorines - a unique class

Among organic chemicals. the vary presence of a carbon-chlorine bond is genarally sssociated
with cartain propenios:

X stability = increased resistance to degradation;

* toxicity - the ability to interfere with or otherwise impair biological functions; and

. lipophilicity - an inereased solubility in fats and oils, which leads to accumulatian in living
organisms, 8 major reservoir of fats and oils.

Because of these properties, organochlorines that were produced decades ago are still circulating
in the environment today, concentrating in the tissues of bath humane and wildlife at levels
sufficiant to impair haealth.,

Soma organochlorines are less persistent, toxic and lipophilicthan others. Haowewer, evan whan
these are manufactured, other extremely persistent, toxic and lipophilic arganechiorines will be
created and released into the environment.

Some organcchlorines are less persistent, toxic and lipophilic than others. However, the
manufacture, use and disposal of even the least harmful organochlorines is accompanied by the
unintentional formation and releass of organochlorines that are extremely persistent, toxic and
lipophilic, AS LONG AS ANY ORGANOCHLORINE IS MASS PRODUCED, ORGANOCHLORINES
THAT ARE PERSISTENT, TOXIC AND LIPOPHILIC WILL BE CREATED AND RELEASED INTO THE
ENVIRONMEMNT.

5.1 Failed Regulatory Strategies

Current national and regional regulations, which seek to control ar limit the release of
arganochlorines, chemical by chemical, have not stopped the threats to human healih posed by
these chemicals. Parsistent organachlorines continue to enter the envirenment at a rate far groater
than the rate at which they are broken down into inorganic substances. In other words, current
regulatory schemes are allowing continuing additions of persistent organachlarines to the already
overloaded environmeant.

Even national and regional bans of specific organochlorines can achiave anly limited raductions in
environmental loadings and resulting human body burdens of the banned chomicals. Global
circulation of these persistent chamicals ensures that releases from their production and use at any
point an the planet will eventually reach every other pan of the planet.

Moraover, dus to the global distillation phenomenaon, colder regions bear a disproportionate share
of the organcchlorine burden. Even if all the nations of the colder regions agres jointhy to ban
production of all organcchlarines, organochlorine loadings to these regions will continue as long

a8 production continues in more temperate and tropical regions.

In summary, persistent arganachlorines are a global problem that requires a global solution.
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£.1.7 Risk Assessment

An increasing number of nations are turning to risk assessment as the basis for setting allowable
rates of release for argancchiorines, The risk assessment consists of solving a series of
mathematical equations that are supposed to represent the physical, chemical and biclogical
behaviour of a toxic chemical: its release from the source; its interactions with wind, rain, heat, light
and other environmental factors; its deposition in, movement through and continuing interactions
with the environment; its uptake in and movement within the body of a human ‘receptor’; and its
interactions with and impacts on the many processes taking place within the organs and calls of the
hiuman body, including effects such as cancer, that may occur 20-40 years aftar BXPOEUTE.

Since many of the chemical's interactione are not addressed and most of those that are addressed
ara far from completely characterized, the risk assessment’s mathematical squations offer, at best,
anly very remote approximaticns of a few of the complex interactions of tha ehemical in the real
world. Im addition, many of the numerical fectors that are insarted in the array of eguaticns in order
1o arrive at the final calculation of risk are the products of other remote approximations. Faor
example, one key number is the chemical's carcinogenic potency, which has been known 1o vary by
a Tactor of 2000, depending on which experimental data are used,

Risk estimates are currently calculated for cancer, Other, more subtle effects such as immune
suppression, neuratoxicity, reproductive and developmental sffects are not addressed. Moreaver,
sufficient toxicological data for conducting an assessmant exists for only about 2 percent of all
commarcial chamicals.

Like every other method for predicting the future, risk assessment is plagued by lack of essential
data and fraught with uncartainties, many of which may not ever be resolved. As a result, risk
astimates derived from this procedure are st laast as much matters of opinion as they are mattars
of science, as described by the former director of the .5, Environmental Protection Agency:

We shouwld remember that risk assessment data can be like the captured spy: if you torture it long
enaugh, it will tell you anything yvou want fo know,”

5.1.2 Tasting All Organochlorines is Not Feasible
At least 11,000 organochlorines are produced comm arcially. Many thousands more are created as
by-products during the manufacture, use and disposal of thess initial 11,000,

Only a few of the commaercial ergancchiorines have bean tested for carcinogenicity and a few other
effects. Fewer still have been tested for their abilities to disrupt the human endocrine system, alter
the sexual, neurological and immunclogical development during pre- and posinatal pariods, or any
of a long list of equally subtle but potentially devastating effects.

With tha exception of dioxins, few of the arganochlorine by-products have been tested for thesa
affects. Indeed, the majority have not yet been fully chemically characterized. Furthar, there has
been aimost no testing of the effects of exposures to mixtures of organcchlorines, such as thoss
usually encountered in environmental and human tissue samples. The costs for doing 80 are
essantially prohibitive. For example, in 1987, the cost of 8 minimal study of tho effects of 8 mixture
of 25 common taxic chemicals was estimatad at U.5. $3 trillion {Yang and Rauckman 1987).

Ta
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Currently, it takes mora than five years and hundreds of thousands of dallars to gathar basic
toxicological data for ona singla compound. Testing all commercial arganachlorines and
ofganachlorine by-products, individually and in their mixtures currantly occurring in human
tissues, for even a minimal set of the most problematic of their potential effects — earcinohbicity,
mutagenicity, endocrine disruption, developmental effects, immune suppresgion, and acute
toxicity - would require decades and decades not to mention more money than any combination of
governments and industries can afford, For some organochlorines, studies suggest that thers is no
threghold below which no effects occur, For such chemicals as wall as those known to be
persistant, risk assessment and toxicological testing directed towards establishing acceptable rates
of release and exposura are exercises in futility.

5.3 Natural versus Manmade Organochlorines

About 1.200 ergancchlorines oceur in nature as products of a relatively small number of OIQanisms
and events, such as volcanic sruptions. Only ene - chloromethane produced primarily by marine
algae - is produced in large amounts and may well be a natural regulator of tha tha srone layer.

Unlike manmade argancchlorines, nene of the argancchlorines produced by crganisms are
persistent. Consequently, they do not accumulate in the environment or the tissues of living
Organsms.

The natural occurrence of any number of organachlorines in any quantity does nothing to diminish
the impacts on public health and the environmaent of manmade organachlorines. For axample, the
natural occurrence of chloromethane and other organahalogens with ozone depleting potential is
not regarded by scientists, national gevernments or even the chemical manufacturers as a defense
for the mass production of ozone depletors of organochlorine ozone -Japlators.

5.4 Global Contamination requires Global Strategy

As part of the worldwide effort te presarve the protective ozone layer in the upper atmosphare,
mare than 130 nations have ratified the Montreal Protocol to phase-out the preduction and use of
CFCs and some other ozone depletors. Most industrial nations now forbid the production and open
use of PCBs (Barrie 1892), and 70 nations have banned, sither partially ar fully, the production or
use of one or more of the organochlorine pesticides.

Hewevaer, in the absence of a mechaniem for global bans or phasecuts, erganochlorines that are
banned in some industrialized countries are still being manufactured for use and exported to othar
nations. Due to the migration of these toxins via air transport, a global instrument offers the anly
means for protecting the health of scosystems and humans, sspacially thoss in colder regions such
a% the Arctic and Antarctic,

A voluntary global ban of PCBs has dramatically reduced the production of these com pounds and

they ara now delibarately produced anly i #trictly controllad snvironments. However, following an
initial decline, PCB lavels in the enviranment appear to have stabilised as they continue to migrate
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from sediments and landfills. Currant figures for the quantities of PCBs prasent in waste sites
suggest that future migration could thecretically double the histarical ralosses to date from these
sources (Johnston 1994)

Toxaphena, another widely restricted erganochlorine, is not used in Westamn Europe and is bannad
in 27 countries., Monetheless, high levels of toxaphene in fish in the North Sea and North Atlantic
have recently been reported. This has been attributed to the use of taxaphene in cotton growing in
the Caribbean region.

The global circulation and deposition of PCBs, toxaphene and other locally and regionally bannad
organcchlorines attest to the failurs of local and national regulations in protecting public health
and the environment from persistant o rgancchlaorines, With the impartation to less industrialised
countrias of technologies that make and use persistent organochlorines, this global problem can
be sxpected to grow.

2.5 Global Ban on Organochlorines

The piscameal regulations currently in place across the globe address only a small fraction of the
organochlorines of greatest concern, which are predominantly the unintentional by-products of the
manufacture, use and disposal of commercial organachlerines. The threat posed by
erganochlorines to the global environment and the pecple of the world nacassitates a global
phaseout plan. The major elements of this global strategy are as follows:

= Primacy of the pracautionary principle;

¥ Global and legally binding mechanism to phaseout organochlating compounds as a class,
sactor by sector;

* Progressive tax on the production of chlorine; and
Transition fund for displaced workers and communities as wall as for technical and finangial
asgigtance to daveloping countries and small businesses for praduct substitution.

Pracaution as Primacy

At both national and international levels, the Precautionary principle is gaining widespraad
scceptance as the foundation upon which all sffective strategies for protecting public haalth and
the environment from the effects of persistent organochlarines and other critical pollutants must
be constructed.,

The precautionary principle stipulates that substances are not discharged into the environment
unless they are proven to be nan-deleterious. rather than allowing their releass until harm has
occurted or potential harm proven.

Legally Binding Instrumants
Ovar the years, the fellowing intarnational political fora have acted on their concemns about

organochlorines and their impacts en human haalth and the environment:

1) The Centracting Parties to the Barcelona Convention agread in October 1583 as follows:
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TTo] reduce and phase out by the years 2005 inputs to the marine envirenment of taxic, persistent
and bicaccumulative substances listed in the LBS Protecol, in particular organohalogen
compounds having those characteristics.... ”

and:

Tl promote measures to reduce inputs Into the marine environment and to facilitate the
progressive elimination by the year 2005 of substances having proven CRFCInOgNic, taratoganic
andfer mutagenic properties in or through the marine envirenment.

2} The Paris Commission agreed on Saptember 1992 to the following commitment under Artizla 3
of Annex | on the Preveniion and Elimination of Pollution from Land-based Sourcos:

“.o-itshall, inter alia, be the duty of the (Paris) Commission to draw up:

fal plans for the reduction and phasing out of substances that are toxic, persistent and lizble fa
bioaccumulate ariging from land-based sources:”

31 In addition, the Paris Conference Ministers adopted a future action plan which calls for
substantial reduction of inputs to the maritime area with the aim of their slimination. for
substances that are toxic, persistent and liable to bioaccumulate with priority given to the
organchalegens. The Paris Ministerial Declaration takes this approach sne stap further by
agresing, inter alia, to the following:

‘Agree that, as a matter of principle for the whole Convention area, discharges and emissions of
substances which are toxic, persistent and liable to biosecumulate, in particular organohalogen
substances, and which could reach the marine envirenment should, regardiess of their
anthropogenic source, be reduced, by the year 2000, to levels that are not harmful to man or naturs
- with the aim of their elimination; te this end to implement substantial reduction in those
discharges and emissions and wheare appropriate, to supplement reduction measures with
programmaes to phase out the use of such substances; and instruct the Commissions fo kaep undor
review what imetables this would require:”

4) The Paris Commission have also made recommendations concerning the substitution of
erganochlorines (OsParCom 1952):

To adopt further measures for the prohibition of the use ef organchalogen substances which are
unnecessary for the intended use or process, and do not therefore need to be substituted for.
Otherwise to compile a list of processes and substances which are suitable for vee a5 substitures.”

5] Une way forward has been initiated by the International Joint Commission of the Graat Lakes
(ILIC 1854), Thair recommandations to the governmants of the United States and Canada concluded
that in cooperation with other jurisdictions and interests they should 1ake the following steps:

TCJonsult with industry and ather interests to develop timetables to sunset the Lse af ehlarine and
chlorine containing compounds as industrial feedstocks, and examine the means of reducing and
eliminating other uses, recognising that sociosconomic consider ations must be taken into account
in developing the strategies and timetables.”
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6l To contribute to the definition of the issue the Commission created a Virtual Elimination Task
Force. Thies group was specifically mandated to provide advice and recommendations about the
centents of a virtual elimination strategy and ways in which to implement it. In addition, in thair
recommendations to the business community, labsur and madia, The Commissian suggested that:

‘Labour Unions include in their negotiations the issue of transition te # sustainable sconomy
without persigtent substances”’,

and

‘Governments, industry and labour begin devising plans to cope with economic and social
dislocation that may occur as & result of sunsetting persistent toxic substances.”

71 The Inuit Cireumpaolar Conference of 1989 called for an international agreament to control the
toxic contaminants in the Arctic - most of which reaches the Arctic through long-distance air
pollution.

¥et, none of these commitments have resulted in any regulated reduction of chlarinated
compounds. Even if regional eommitments to eliminate erganochlorines were to bear resulis, the
global circulation of these contaminants from other unregulated regions would carry these
chemicals pollutants across the globe.

Therefore a glebal and legally binding instrument to phase out these com pounds as a class is
required. This instrument must include timelines for phaseout of chlorinated compounds in large
saciorg where alternatives are proven offective and affordable:pulp and paper, ealvents, PVC and
pesticides and as a second priority in the area of chlorinatad intermediates and water disinfaction.

Chlorine Tax/Transition Fund

A tax should be instituted on the chlor-alkali process per ton of chilorine produced, This revenue
should be held in a fund to aid the transition to a chlorine-free industrial society. In particular, funds
should be used for exploring and demonstrating economical ly viable altarnatives and for easing
dislocations among affected workers and communities. In addition, funds should be targeted
towards clean production processes 1o assist devaloping countries and small businesses make tha
changa.

One initiative to recognize and plan for the transition has coma from the Qil, Chamical and Atomic
Workers Union in the United States since the nature of the industries that the union representation
are ultimately unsustainable. The Superfund for Workers idea stems from thes two aims of the
union: 1) to protect the jobs, incomes and working conditions of their members and 2) ensure safe
jobs and & healthy environment,

The idea builds on the Supsrfund Act in the United States where s budget is held for chemically
contaminated land clean-ups. The Superfund for Workers program advocates education with
income support for workers and for workers unabila to find work after retraining, a guaranteed
annual wage coupled with education. The revenue from the chioring tax can also be used for
damonstration projects and low interest loans to shaw feasibility of chlorinated solvent substitution
#uch as in dry cleaning sector; governmant procurement of non-chlorinated products; star up of
clean production cenires and preferential costing to stimulate the markst in clean matarials.
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Tables

Tabla 1.1

Human breast milk fat concentrations worldwide

Chamcal
Drigkdirim

Heptachlor & its Eposids

Chiordane

Total DOT
HCA

Beta-HCH

Gamma-HCH Endane)

Total FCB tHudson Bay)
2,3, 7,8 TCDD idioxin)

Average Leval
0.06 ppm

0.08 ppm

.08 ppm

1.3 ppm
0,10 pper

1.0¢ porm
0.05 ppm

100 ppami
.00 ppt

Souree Adspted from Themas and Colbarm 19932

Table 1.2a

High Level and Locanion

1.78 ppm Ausrsiia
1.00 ppmi Irmg

.50 ppm Spain
Q.48 ppm aky

»2.00 pprm Mexico & Irag

=1 ppm Gustemals
7 .00 ppm Gresce

6.50 ppm Chile

0.B8 ppm Haly

1.E ppr Caneda

148 pob Vietnam, 1970s

Median concentrations of organochlorine pesticides in breast milk®, Westorn Australis,

Surnvoy ooT
1574 1.ED
1878 2.00
1980 120
12491 08

Diwldein HCE
0.4 .80
0.24 078
o7 0.16
0.05 0.

* Breast milk concentrations as mgfp exractable fat.

Sowrce Adapted from Stevens ef al, [15932]

Toble 1.3

Maean valuss of arganochlorine pasticides in breast milk in Germany

Compouwnd 1584
HZB 0811
Beta-HCH o130
Gamma-HCH [ Xl
pp-DOE 0693
pp-DOT 0.086
Diwldren ooz

Sowem Furst et ad, 1594,

1888

381
0112
0021

o718
0.053
(ERUAE S

ToEs 1890
0.116 0.227
C.07E 0064
0006 0008
a.53% 0.834
0.036 0.027
0.018 Buat1

1881

AT
0.055
0.006
0LEO4
CLoeT
0002



Table 1.4

Health effects associated with dioxina in humans and animals

E et

"Background” level
Cancar

Decreased tesiogtarone [Reproductive hormarnal
Decreased 1es1iS S8
Alrered glucoss tolerance

*Low-dose eflects™ in animals
Endemetricsis

Decreased sperm counl
Becransed offspring viability
Emhanced virsl susceplabality

Soures: Adapted from Anon. (1806L

Tabla 1.6
Site of production of some steroid hormones

Chvgan Hormone
Cheary progesterons
oastrogen
Tastis testosierone
fdrenal Cortax meneralocoricoids
plucccorticoids
androgens, g testoserone
Placanta progesiencne

oestrogen

Sowrce M. Allsopp

E7

Speclar

Human
Human
Hamster
Mouss
Hurman
Human
Human

Monkey

Monksy
Mause

Body of Evidence Tables

Estimated Body Burdan af Dicasa (npig)

|
109-71000
500
100
a3
T
14-110

54

ma



Body of Evidenca Tables

Table 2.1
&nmﬂnﬂmdmhﬁvdﬁm&ﬂﬂq'ﬁm in the envir

anmont reported to have
reproductive and hoarmone-disrupting effects in laboratory snimals, wildlife and/or hum ans

Featicides and Insscticides Mematocides
DECP
2,40
24 5-T Fungicidas
Alschiar
HAarazine Hexschiorobantene
Beta-HCH
Chlordana Induwtrial Chemicals
Dicalol
Duieddirin Dicugin (2,3.7.8-TCOOY
DOT snd metabofites FEBs
Endosulian PCEs
Heptachior Pentachiprephenol
Lendane {gamma-HCH)
Methaxychlar
Mlirex
Mitraden
Creyehlordane
Toxaghena

Trangnonachlar

Source Colbarn e al. 1593

Tabla 22
Organochlorine chamieals whi
% 56 e s keals which have beon shown experimentally sither in vwitro and/or in vive

Alrating

Chiardsna

o p'DOT

p.pDOT*

Heptachlar
Bata-hexachigresyclohaxanes
Kepone iChiodecona)

Meth oxychios

PCBs

* Busios o4 al, 1988

Sowre Adapted from Davis et &l, 1993,



Body of Evidence Tablos

Table 2.3
Summary of Studies (1977-1578) on workers with variable axposurs to DECP
Study Population Murmbar af Mumbar of men with spenm
subjects caunt resulis{miliion/mi}
. bi-g
Califamia tactory workers 114 i 8 12
Colorada factory workers 4 5 2 7
Alabama lactory workers " 1 & B
Araneas laciory workers Bl i (e 13}
Calafoenia DBCP applicators T4 & 8 {7
lsrmal factory workers 23 12 & L]
Southeast LIS DECP users Bl F 12 B
Mexican fastary workers 23 ¥ (11}
Totals 508 80 T &3
{16.7%) {13.8%) [8.3%)
*Mumnbars in parenthesis extrapalated from daets presented
Sowrer Whorten snd Foliart 1583
Tabde 2.4
Studiss on orgesnochlorines snd breast cancer
Aefersnca MNa. of Cases/Contrals Associated Qrganochlaring
Unger of al.[ 1584 1421 Mo Association
Mussala-Rauhamas et al, (1990 (pe0.02E) 41133 HCH
Fadck et al. (1992) (pc0U08) 20/20 DODE, PCE
Wolff ot al. {1983) (p=0.031) LA R QDE
Dawailly ot al. {1953) (p=0.02} 207 HCE
CDE for EReva
Krieger o &1.{1904) ER- {p<0.05] 15050 Mo Association

Sowce M, Allsoapp



Table 2.5,

Compounds that may have the potential to cause advarse effects through the Ah receptor medisted

Body of Evidenca Tables

mechanism of sction (depanding on experimental svidence or structurs)

Polyoyclic aromatis hydrocarbons Pohchlorinated fluonenes
Polychborinated biphanyls Polychlorinsted dihydroanthrasenes
Pohychiorinated dibengso-p-dioxing Polychlorinated digharylmethanes
Polychigrinated dibenrofurans Palychlarinsted phamyhodylethanes
Palychigrinated napthalenes Palychlorinated dibenzothiophenes
Pelychlorinsted diphenyliolusnes Palyehlarinated guaterphanyls
Polychigringted diphanyl ethers Pabychlarinsted guatarphanyl sthers
Palychlorinated aninole Pabychlorinated biphafydehes
Polychlorinated phenoxy anisales Palychlarinated thisanthranas
Paolpchlorinated xanihenas Palybrominated diphenyl sthars
Polychiorinated nanthones Pabychlarinsted aroanthrasanis
Pabychlorinated anihracenes

Sowrce Giewy al al, [1994]

Tabla 3.1

Evalustion of carcinoganic risk of chemicals to humans by the international agency for research on

cancer (LARC]

8} Owganochlaring compounds that are carcinagenic in humans iclassified as Group 1)
Bisichlaromathyll-sther and chioromethy| mathyl sther echnical grada)

Wirnyl chioricle

bl Commonorgenochiorine compaunds 1hat are probably carcinagenic in humans fclassified as Group 28

Chloroform
Chlorophenols
Chlarophenowy herbicides
ooT

Cuchloramethana
Hexachlorobenzane
Hexachlorocyclahaxanig
Mirex

Palychiorinated Biphenyls (PCBai®
2.3.7.8-Tetrachlorediban e p-dioxin [TEOEN
Tetrachloramhylena
Toxaphena

* PCBe e clagsified as group 28 chemaicals.

Source Kipan and ‘Waingtein (1952



