ENDOCRINE DISRUPTERS :

THEIR EFFECTS ON WILDLIFE

What Are Endocrine Disrupters?


The endocrine system is a major network in the body responsible for the release and transport of hormones.  It works in perfect synchronicity with the nervous system and the immune system.  Glands, including the testicles, ovaries, pancreas, adrenal glands, thyroid, parathyroid, thymus and the pituitary, make up the endocrine system.  They produce and secrete hormones that are essential for the regulation of numerous biological processes in the body, acting like messengers within various cells or organs.  Hormones are very potent, and can exert their effects in very minute amounts.  They work by binding to a specific receptor site on a specific cell, and they fit together almost like a lock and key.  There are hundreds of different receptors, each one designed for a particular signal from a particular hormone.  Within one cell, there are 10,000 or more of one type of receptor, and only a small number of these need to be activated in order to illicit a response in the cell.  Once attached, the hormone tells the DNA of the cell to start acting in a certain way, telling it when to reproduce or activate.(“How Hormone Disrupters Work”)


Hormone signals are extremely vital before birth.  Hormones arrange critical events in early development.  They are vital in the development of sexual differentiation and the proper development of the brain.  Any disruptions in hormonal activity in a developing fetus can have disastrous effects.  Normal development depends on the right cells getting the right message at the right time.  Disrupting this sequence will produce permanent damage.(“Chemicals That Compromise Life”)


Endocrine disrupters are chemicals that can also fit into these receptor sites, and when they are present, they can interfere with hormone function.  The type of interference depends on the type of chemical, and the amount of the exposure.  They may alter hormone synthesis, storage, release, secretion, transport, elimination, or binding action. (Schettler)  Some substances in the environment can act like the hormone estrogen, and are called environmental estrogens.  Naturally occurring environmental estrogens  known as phytoestrogens,  are present in some plants like clover, soybeans and other legumes, as well as whole grains and many fruits and vegetables.  Other environmental estrogens are made synthetically or produced as byproducts in industry.  These chemicals are found in:

· pesticides- herbicides and insecticides such as DDT, endosulfan, dieldrin, methoxychlor, kepone, dicofol, toxaphene and chlordane.

· products associated with plastics- bisphenol A

· pharmaceuticals- drug estrogens like birth control pills, DES, cimetidine.

· ordinary household products-detergents and surfactants like nonylphenol and octylphenol.

· industrial chemicals-polychlorinated biphenyls (PCBs)   






(“Where are Environmental Estrogens Found?”)

Currently, there are approximately 40 pesticides that are known endocrine disrupters, many of which are still widely used in commercial farming.  Unwanted byproducts of industrial activity like dioxins and furans are created from medical and municipal waste incineration, pulp and paper bleaching, fuel combustion and PVC manufacturing.  PCBs, though now banned from production in the US, was very widely used as insulators in electrical equipment.  These organochlorines stay in the environment because nature is unable to break them down, thus, they accumulate high in the food chain.(Schettler)


It is difficult to predict which chemicals will behave as endocrine disrupters, because environmental estrogens come in all shapes and sizes.  In addition, each chemical’s effects are different.  Some chemicals mimic estrogen by sending false messages to the cell. Some exhibit distinct estrogen-like behavior, sending partial or distorted messages.   Some of them completely block estrogen, and prevent any message from getting through.  Estradiol, the most potent natural estrogen hormone in humans and animals has very little structural likeness to the environmental estrogens, yet, the cell receptors still recognize these chemicals as estrogen.(“Chemical Structures”)

What is Estrogen?


Estrogen is a steroid hormone produced in the female ovaries and the male testes of humans as well as other animals.  It is found in much greater amounts in females, as it regulates and sustains female sexual development and reproductive functions.  It influences growth, development and behavior, as in puberty, and regulates reproductive cycles.  It affects other body parts as well, like the bones, skin, arteries, and brain.(“Estrogen”)  In males, estrogen regulates fluid reabsorption in the tubules that carry sperm from the testis to the epididymis.  If estrogen is not present, this essential reabsorption would be disrupted, and  the sperm would  become diluted as it entered the epididymis.  This could result in infertility.(“Estrogen Vital for Male Reproduction”)

There is now also strong evidence that suggests that estrogen is protective against vascular injury and atherosclerosis.(“Estrogen’s Action Not Tied to Genetic Processes”)

Chemical Exposure

Direct human exposure occurs on a daily basis.  Our diet consists of fruits and vegetables grown with pesticides.  We eat at the top of the food chain, so the fish, meat and poultry that we consume also contain environmental estrogens. Airborne ash from industry and hazardous waste incinerators land on grass or hay that is consumed by livestock, and drinking water may also be contaminated by pesticide runoff or industrial discharge. Household cleaning products, drugs, lubricants, cosmetics, and plastics also may contain these chemicals.  Even though many of the more dangerous chemicals like DDT have been banned, we still may be vulnerable to their effects because of the length of time that these chemicals remain in the environment and in our bodies. (“Chemical Exposure”)   So what effects do these chemicals have on humans?  The answer to that question is still being argued by scientists, government, and industry.  One way to predict the effects of these chemicals on humans is to study how they are effecting the lower vertebrates that share our ecosystems.

Effects on Wildlife


Various wildlife studies have shown a direct relationship between exposure to endocrine disrupters and various abnormalities.  These include abnormal thyroid function, sex alteration, poor hatching success, decreased fertility and growth, and altered behavior.(Schettler)

Fish:

In England, fish were monitored that lived near a municipal sewage outlet known to dump several different chemicals including alkylphenols, (the breakdown products of chemicals found in detergents and plastics).  The fish were found to have both male and female sex organs.  In addition, some of the male’s livers had produced a female egg-yolk protein that is normally found only in females.  The fish living closest to the outlet exhibited the most severe abnormalities, while those living farther downstream showed less severe symptoms.  This certainly seems to indicate a relationship between the sewage outlet and the deformities.(“Wildlife Effects”) 


 In other parts of the world, female fish downstream from pulp and paper mills have been found to have developed male sex organs.  In addition, they were observed trying to mate with normal female fish or with each other.  Some of the males seemed to be “hypermasculinized”, and exhibited very aggressive mating behavior.  Salmon in the Great Lakes region have been found with enlarged irregular thyroid glands.(Schettler)


A University of Wisconsin study on Great Lakes Trout extinction recently implicated high levels of dioxin in the fish which caused the developing trout within the egg to die with a concentration as low as 5 parts per trillion.(“Chemicals That Compromise Life”)  


Mollusks have been found to exhibit a condition known as “imposex”, in which male characteristics are imposed on genetic females.  This is thought to be caused by tributyl tin, used as an “anti-fouling paint on ships”. (Schettler)

Alligators:


In Lake Apopka in Florida there was a chemical spill in of DDT and dicofol in 1980.  Ten years later, it was observed that the alligator population in the lake was dropping at an alarming rate.  Researchers found that there was a higher than normal mortality among eggs and newborn alligators.  Young female alligators were found to have blood estrogen levels two times higher than normal as well.  Young males had elevated levels of estrogen, lowered levels of testosterone, smaller than normal penises, and abnormal testes.  The researchers concluded that the chemicals not only poisoned and killed developing eggs outright, but also altered the endocrine system of the embryos that survived.  They were no longer able to successfully reproduce.(“Wildlife Effects”)


In a later study however, alligators living in less polluted lakes in Florida were found to have similar hormonal defects to the alligators living in Lake Apopka.  Reproductive hormones estrogen and testosterone, as well as thyroid hormones thyroxine and triidoothyronine, were found to be abnormal.  Thyroid hormones are responsible for growth and development of many body systems, including the central nervous system and the skeletal system.  It became apparent that more subtle endocrine disruptions were present in alligators of less polluted lakes.  The previous studies had concentrated on reproductive hormones, but now there was evidence that there was disruption in other endocrine controlled  systems.  Again, the evidence seemed to indicate that exposure to endocrine disrupters during fetal development may be causing permanent damage to the hormone system.(“Hormone Imbalance Plagues Gators”)

Birds:


Thirty years ago Rachel Carson’s book Silent Spring discussed how many synthetic chemicals were remaining in the environment and contaminating soil and water.  It was proven that some pesticides, mainly DDT, were causing egg shell thinning in various bird eggs.  The bald eagle nearly disappeared from the northeastern United States because of this pollutant.  The pesticide was ingested on grasses and shrubs by animals low on the food chain, as well as by the fish in contaminated rivers and lakes.  Predatory birds then accumulated large amounts of the pesticides in their bodies as they fed on these animals, and as a result, they were unable to produce healthy eggs with hard shells and the young birds died.(“The Past to the Present”)


Organic pollutants in the Great Lakes region has contributed to abnormal thyroid levels in gulls and terns.  PCBs and DDT have been linked to supernormal egg clutches and female-female pairing.  In addition, there has been excessive chick mortality, birth defects, and skewed sex ratios, with there being an excess of females.(Schettler)


Terns and gulls in this region with a high level of these organochlorines in their bodies also show a suppression of their immune system, specifically, their T-cell mediated immunity.    It is thought that this is caused primarily by the PCBs, however, the combination of DDT and PCBs may be causing a more exaggerated effect.  The T-cell  mediated immunity is vital to fight off certain types of infection.  


Gulls in the Puget Sound have also shown egg shell thinning.  While this has predominately been associated with DDT, the concentration of DDT in the Puget Sound is relatively low.  There is however, a high concentration of PCBs, again indicating a synergistic effect between DDT and PCBs.(Schettler)


Nesting albatross in the North Pacific were found to have combinations of toxic pollutants like PCBs, furans, and dioxins that are known to cause reproductive and health effects in the Great Lakes fish eating birds.(“Chemicals That Compromise Life”)

Mammals:


In Russia’s Lake Baikal in 1987, a virus killed an estimated 10,000 seals.  In the same year, 700 bottlenose dolphins died off the eastern coast of the United States.  In the North Sea in 1988, 20,000 harbor seals died, and between 1990 and 1993, over one thousand striped dolphins washed ashore dead in the Mediterranean Sea.   Natural extinction and plague has wiped out many species before in the history of the earth, and many researchers assumed that was the case in the deaths of these marine mammals.  However, autopsies performed on these animals showed high levels of  man made chemicals like PCBs present in their bodies.  PCBs are known to suppress immune system function, thus making the animals more susceptible to various infection.(“Marine Mammals At Risk”)  


These autopsies prompted studies that further investigated the connection

between hormone disrupting chemicals and the immune system of marine mammals.  A United States team from the University of Maryland and the Environmental Protection Agency, as well as the Dutch National Institute of Public Health and Environmental Protection, conducted studies with seals. In the Dutch study,  two groups of seals were isolated.  One group was fed clean fish from the North Atlantic, and the other was fed fish taken from the heavily polluted Baltic Sea.  Both batches of fish were purchased on the commercial market and were being sold for human consumption.  After two years, the seals being fed the Baltic fish showed signs of suppressed immune functions and a weakened ability to fight off infections.  There T-cell responses were “significantly below normal”. In the US study, there was a significant drop in the immune response in a group of dolphins as the levels of DDT and PCBs in their blood increased.(“Marine Mammals At Risk”)


Mammals also may be exhibiting reproductive dysfunction due to endocrine disrupters as well.  Studies from the 1970’s off the coast of Denmark, Holland, and Germany, show that the populations of harbor, ringed, and gray seals were declining even after hunting had ended.  High levels of PCB’s were found in theses animal’s bodies.  In addition, the St. Lawrence beluga whale has been unable to recover its population even though whaling has ceased.  The female beluga’s are showing a lower rate of pregnancy and produce fewer offspring than the beluga in the Arctic.  While the waters of the St. Lawrence have been cleaned up dramatically in the last 30 years, there is still an  accumulation of the man made chemicals in the whales.(“Marine Mammals at Risk”)

Additional, more recent studies of seals in the Wadden Sea in the Netherlands have produced results indicating “diminished reproductive success”, because the fish consumed by the seals contain large amounts of PCBs and DDT.  Controlled studies on seals from other areas that were fed fish from this body of water also exhibited “impaired reproduction.”(Schettler)


North Pacific minke whales were studied from 1987 to 1994 and were shown to have an increasing contamination of PCB’s and the pesticide chlordane, even when both have been banned from production in the United States.  In the Columbia River, recent work on free-living otters found delayed or retarded development of the reproductive system in male otters.  A direct relationship was made between these symptoms and the level of contaminants such as PCBs, dioxins, and pesticides in the animal’s body.(“Chemicals That Compromise Life”)

Amphibians:


Frogs are especially vulnerable to environmental contaminants because their permeable skin lets them absorb chemicals into their body more readily than other animals.  Pesticides and PCBs are stored in the tadpoles body fat, and are released into the blood stream for energy during metamorphosis.  This exposes the frog to accumulated endocrine disrupters at the worst possible time, leading to a variety of possible malformations, including missing eyes and limbs, or too many limbs.(“Chemicals That Compromise Life”)  Many scientists believe that the pesticide methoprene, widely used by many farmers, is responsible for the current epidemic of deformed frogs in the United States. It has been hypothesized that when exposed to the sun, methoprene breaks down into a chemical that is an endocrine disrupter. (Bell, et. al.)

Laboratory Experiments:


In addition to the wildlife studies that have been done, there have also been some laboratory studies as well.  While wildlife studies are invaluable, it is difficult to establish whether a particular chemical is alone at fault.  A University of Missouri study found that when female mice were exposed to low doses of bisphenol A, (found in some plastics), it altered the reproductive organs of their male offspring.  And a study by the Environmental Protection Agency lab in Research Triangle Park found a direct link between  thyroid dysfunction and PCBs in rats.(“Chemicals That Compromise Life”)


At the cellular level, humans are pretty much the same as animals.  Chemicals that are causing deformities in animals then, will probably have similar effects on humans.  Estradiol, critical to sexual development and behavior, is present in many animals as well as in humans.(“How Hormone Disrupters Work”)  If animal mothers can pass contaminants to their offspring prenatally in eggs, like amphibians, birds, and reptiles, and in the womb, as in mammals, as well as by nursing after birth, can’t it be concluded that this sort of transmission is possible in humans as well?

Effects on Humans:


Effects on humans have hardly been studied.  Researchers suspect that immune system changes, neurological and motor delays, and learning problems in children exposed in the womb, are linked to PCB exposure.  In a study at Wayne State University, it was documented that children whose mothers had eaten contaminated fish from Lake Michigan in the six years prior to pregnancy had significant deficits in intelligence and learning.  Remarkably, the mothers themselves were not highly contaminated.  A very similar study in New York State found “measurable neurobehavioral deficits in the newborn children whose mothers had eaten the equivalent of 40 pounds of Lake Ontario salmon in a lifetime”.  These studies also showed that the children tended to have abnormal reflexes, a shorter attention span, and an intolerance to stress.(“Chemicals that Compromise Life”)


A possible connection is also being made between endocrine disrupters and various human diseases or biological conditions.  “Several epidemiological studies of women with breast cancer show a distinct significant relationship between elevated organochlorine contaminant levels and the risk of the disease”.(Schettler)  


Early exposure of males to endocrine disrupters have also been targeted as causing major problems such as undescended testes (as proven by DES), and increased incidence of testicular and prostate cancer.  It has also been indicated that maternal weight plays a factor here, overweight mothers store more fat, which is where PCBs and organochlorines are stored.  (Schettler) 


Additionally, sperm densities among males in the United States have shown an average annual decrease of 1.5% per year.  It is speculated that this is due to the increase in environmental estrogen exposure during fetal development, permanently deforming the male reproductive tract and hindering sperm production in the mature male.(“Reanalysis Shows Sperm Decline”) 

Conclusions:

Scientists have identified more than 70 individual chemicals that disrupt hormones, however, there are thousands of synthetic chemicals currently being used today that have not been tested for hormone disruption.  Half of the known disrupters bioaccumulate and even though they are no longer in use, are still present in our environment and in our bodies.  While a few studies have been done on contaminants in food, plastic containers, and other consumer products, very little testing has been done on products we use every single day.  While adults may show little or no ill effects, how will future generations be affected? (“Chemicals That Compromise Life”)  


In October of 1998, the Environmental Protection Agency published a hormone-pollutant strategy outlining how the EPA should choose which of the 87,000 commercial chemicals to test, and how to test them.  While this is going to be an enormous task, the EPA has eliminated some chemicals from testing already.  They argue that chainlike molecules, polymers with masses greater than 1,000 daltons will be unlikely to cross biological membranes and barriers, and thus can be eliminated from the testing.  This accounts for about 25,000 chemicals.  The remaining 62,000 will be prioritized on the basis of their “persuasiveness or their potential for high exposure in identifiable populations or ecosystems.”(“EPA Unveils Hormone-Pollutant Strategy” 251) 


It appears that the stakes are pretty high where endocrine disrupters are concerned.  They seem to have the ability to wipe out wildlife, render us sterile, and rob our children of their intelligence.  The message seems most urgent that endocrine disrupters need to be identified, not only in the chemical industry, but in the home as well.  Failing to heed the warnings given to us by wildlife could prove to be disastrous.
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