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Many insecticides and heavy metals that contaminate the earth's waterways have been found to have neurotoxic effects on the animals they encounter.  Neurotoxicity has to do with the negative effect the chemical has on the organism's nerve cells, which in turn can threaten the entire nervous system (brain, spinal cord, and peripheral nerves).
 Neurotoxins are also linked to causing behavioral changes in the organisms they come into contact with.
 A study was done on the behavioral changes that resulted in larval rainbow trout when exposed to two different chemicals that are frequently found in insecticides and pesticides, and in paint and batteries: carbaryl and cadmium respectively. 

Carbaryl is a synthetic insecticide widely used in the United States and in other industrialized nations.  It is currently registered for use on 100 crops in the United States. Carbaryl is sold under the trade name Sevin.  Its real name is naphthyl methylcarbamate. The chemical formula for carbaryl is C12H11NO2, which means twelve carbon, eleven hydrogen, and 2 nobelium molecules must combine to form one compound of carbaryl.
 Cadmium is a natural element found in the earth's crust and its symbol is Cd; it is a metal.

The scientists specifically looked at videotape of the larval rainbow trout swimming to assess swimming speed, and they also looked at neurochemical endpoints in the organisms' brains to detect cholinesterase (ChE) inhibition.

Cholinesterase is an enzyme that begins the breakdown of acetylcholine (ACh).  An enzyme is a complex protein that catalyzes specific biochemical reactions in the body. Acetylcholine is a natural chemical produced within the body, and is released by nerves to activate muscle contractions.
  If the acetylcholine is not broken down quickly upon release into acetyl and choline fragments, the firing of subsequent nerve synapses will be inhibited, therefore retarding movement.
  In other words, the scientists were looking at any effect carbaryl and cadmium had on the chemical in the body that is indirectly responsible for allowing the nervous system to function through synapses and therefore allow for movement.  Of course pesticides and insecticides were meant to have deleterious effects on the nervous systems of insects, thereby decreasing their population and harmful effects on crops.  

The scientists expected exposure to carbaryl or cadmium to decrease ChE activity and swimming speed.  In order to confirm neurotoxicity, physiological changes with resulting changes in the swimming speed of the rainbow trout larvae must be correlated.  

Rainbow trout were randomly assigned to 80-liter aquariums with either no carbaryl concentration, 188 μg/L of carbaryl concentration, 375 μg/L of carbaryl concentration or 750 μg/L of carbaryl concentration, or to a 80-liter aquarium with no cadmium concentration, 2.5 μg/L of cadmium concentration, or 5.0 μg/L of cadmium concentration.  Fish were randomly sampled after 24-hour and 96-hour exposures.  After 96 hours, fish were transferred in an aquarium containing clean water for 48 hours in order to recover.  After this they were sampled.  Aquariums were fitted with an observation chamber and at the start of each sample the fish were transferred to the observation chamber.  Spontaneous swimming behavior was videotaped for 2 minutes and speed was calculated.  Finally fish were euthanized by cold shock and frozen until further tests on fish brain could be performed.

The brains of ten fish were removed and iced.  The brain tissue was then homogenized by using a Tissuemizer (it is probably a blender) and a sample was taken from this blend and frozen.
  Cholinesterase activity (the breaking down of the ACh which allows neurons to fire quickly) was measured as micromolar acetylthiocholine hydrolyzed per minute per gram of tissue (μM/min/g).  

Results

Cholinesterase (ChE) activity decreased with increasing concentrations of carbaryl and ChE activity was lower following both the 24-hour and the 96-hour exposure duration than following the 48-hour recovery period.  Mean inhibition of ChE activity ranged from 14-38% at 24-hour exposure, 32-41% at the 96-hour exposure, and 7-14% at the 48-hour recovery.  However ChE activity was not affected by cadmium exposure.
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Carbaryl caused significant changes in swimming speed, but exposure to cadmium did not. Therefore changes in swimming speed correlated positively with changes in brain ChE activity in rainbow trout exposed to carbaryl but did not correlate with ChE activity in the rainbow trout exposed to cadmium.
  Decreased swimming speed may have serious consequences to rainbow trout exposed in nature since it would reduce the amount of times the fish encounter potential food, and it would also inhibit their ability to escape predators, their ability to attract mates, their ability to maintain a position in a school of fish, and their ability to migrate. These positive correlations to carbaryl ultimately decrease the rainbow trout's ability to survive. 
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But behavior and neurotoxicity aren't the only correlation between synthetic chemicals that runoff into our environment and are then absorbed by organisms.  Many synthetic and natural chemicals have been known to interfere with normal estrogenic activity in the body and have been linked to various reproductive abnormalities and different types of cancer.

Estrogen is a hormone that is produced both in the male and female bodies. Hormones are molecules that send chemical signals; the signals are produced in one place in the body and then may have to travel to other locations to have an effect. The endocrine system in total is an assemblage of checks and balances that facilitate the normal functioning of all bodily systems.  Hormones are made in endocrine glands.  Glands are units of hormone-secreting cells that make up the endocrine system.  Each gland has specific functions to help the normal internal environment and promote survival of the organism.  For example, insulin regulates the body's level of sugar in the blood, the thyroid regulates metabolism, and estrogen and testosterone control the development and functioning of the reproductive organs.
  (The major glands or control centers in the body are the pituitary gland, hypothalamus, suprarenal (adrenal) gland, thyroid, parathyroid, pancreas, testes, ovary, and pineal.
)  Estrogen is produced in the ovaries in females and in testes in males, with more being made in females than in males. Estrogen not only is instrumental during puberty, menstruation, and pregnancy, but it also regulates growth of bones, skin, and other tissues and organs.
 Environmental estrogens, or estrogen mimics are these synthetic and plant products present in the environment that have been found to affect hormonal functions in various ways.  Some of the synthetic estrogens are made during the manufacture of plastics, pesticides, or steroid hormones that are used to stimulate growth in livestock.  Natural estrogen that is produced by plants is called phytoestrogens.
 


The reason that these estrogens are a problem is that they interfere with natural hormonal activity in a number of ways.  Some mimic a hormone by binding to estrogen receptors in the body and the body is tricked into thinking these are our natural estrogens that we created inside of us. It could trigger the same response as a natural hormone, or an even a stronger or weaker response.
  That is why they are also called estrogen mimics.  Once these foreign estrogen mimics bind to the hormone receptors, they can block the receptor so other estrogens cannot bind, they may send signals to turn genes on and alter cell growth and division, or they may stimulate the production of more hormone receptors.  All of these actions throw off the natural timing of the hormone's synthesis and precise level of hormone that should be produced for survival of the organism.
 These estrogen mimics trick the organism into believing that they are supposed to play a role in the body's functions but end up wreaking havoc.
 That is why they are also called endocrine disruptors.   


In July 2001, a study was published that reported the proportion of male babies born alive out of total live births had decreased in twenty-three European countries over an average of 45.6 years, ranging from 41 to 47 years.
  Although there are differences in magnitude depending on the country, the study found strong evidence of an overall decrease in male births on the order of 10 fewer males for every 100,000 live births per year, throughout the study area.  This confirmed earlier reports of the same in individual European countries.  For Canada and the United States, respective losses of 2.2 and 1.0 male births per 1,000 live berths were reported during the 1970-1990 time period.
  This means that Canada and the United States would have 220 and 100 fewer male births per 100,000 respectively, unlike the current study's findings of 10 in Europe!  


One factor that could explain these declining trends is the increase in exposure to chemicals.  A possible cause is a pesticide's or a chemical's effect on the endocrine system and hormonal levels at conception, the effects on sex cells during the first weeks of fetal life, and increased risk of death of male fetuses caused by recessive mutations of the X chromosome.
  However the authors warn that since the reasons for the decrease in male births are far from clear, social factors could have just as much a link to the decrease.  All of the countries underwent changes with respect to reproductive patterns.  These countries were undergoing changing attitudes towards sex, contraception, unwanted pregnancy, and improved access to health information and care, all of which must be considered.  Whatever the reasons, it has been suggested that a decline in the male proportion would provide an early warning sign of environmental exposure to hazardous agents, and more studies should be conducted to see how much of a role environmental agents play in the decline and what it would mean for the decades to come.

Other worldwide trends that have endocrine disruptors named as the cause, are decreasing sperm counts, a rise in testicular and breast cancers, abnormalties in sex organs, and decreased in penis size.
  In 1992 officials at the Florida Game and Fish Department ran into problems with the commercial hunting and ranching of alligators.
  They noticed that alligator eggs weren't hatching as quickly as normal and so they hired a reproductive endocrinologist: Lou Guillete.  Guillete found there had been a chemical spill at a lake where the most damaged eggs were found.  They recreated the spill in the lab and their results showed that only 20 percent of the alligator eggs hatched instead of the normal 70 percent.  When they created temperature conditions that would normally have resulted in male alligators, 20 percent were female and 40 percent were hermaphrodites.  Guillete then went and examined over 600 alligators from various lakes in Florida and found that the alligators from the lake with the chemical spill had penises one-half to one-fourth the normal size.
 Could these chemicals that affect the birth, the sex, and penis size of alligators affect the same things in humans?  Testicular cancer has risen between 250 and 300 percent in the last 50 years.  Many of the reproductive cancers begin at the embryonic stage when we are most susceptible to pesticides and industrial chemicals such a PCBs and plastics.  Defective genitalia in males are also linked to chemical intake from the environment.  In 1973 in Michigan, cattle feed was accidentally contaminated with PCBs.  Mothers who ate high concentrations of the poisoned beef had passed on high levels of PCBs through their breast milk.  Theirs sons exhibited defective genitalia.  Increased incidences of cryptorchidism (undescended testes), which results in permanent sterility if left untreated, and hypospadias (urethral orifice on the underside of penis instead of at the tip) have also been observed.
  

In August of this year the Environmental Ministry panel of Japan warned the nation that a widely used chemical is being discharged into water resources every day which develops a female reproductive system in male fish species.
  Their study used a small Japanese freshwater fish called medaka.  They bread male fish in water tanks with a variety of levels of nonylphenol and found that at a level of 11.6 micrograms per liter, four out of 20 male fish developed a female reproductive system.  Nonylphenol is raw material for detergent, which is regularly used in the textile and metal industries.  16,500 tons of nonylphenol were produced in Japan last year.  The study also went on to conclude that nonylphenol might disrupt the reproductive system of any aquatic animal if one liter of water contained more than 0.6 micrograms of the chemical.
  (A microgram is one millionth of a gram.)  They then sampled water from sears and rivers across the nation taking 1,574 samples in all, and concluded that 4.5 per of these contained a dangerous amount of the chemical.  Another study has shown that while the chemical bonds strongly with the medaka's receptor, it does not bond well with mammal receptors. 

Young people are very vulnerable to many noxious agents and their protection is an important public health challenge.  Children born of mothers who consumed Lake Ontario fish in spite of fish advisories, have shown developmental difficulties including the inability to deal with stress and frustration.
 Taiwanese children who were exposed to high levels of PCBs suffered from problems with cognition and their immune systems causing scientists to link endocrine disrupting chemicals with the increasingly prevalent syndrome called attention deficit disorder. Even more alarming is the link between the growing number of estrogen mimics in the environment and the early onset of puberty in children.  Breast development has occurred in girls as young as one, which was then traced back to consumption of beef, pork, and dairy products that contained high amounts of estrogen.
  Relative to their weight and size, children ingest more food, drink more water, and breathe more air than adults do. If these medians contain endocrine disrupters they are ingesting them from every angle as well.  Kids eat a less varied dies, as well, exposing them to concentrated pesticide residues since "the average one-year-old drinks 21 times more apple juice, and eats two to seven times more grapes, bananas, pears, carrots and broccoli than an adult."
 Children tend to play on the grass and on the ground where there is more dust, paint chips, pesticides, and other dangers, and they frequently put their hands their mouth.  


Many times what the EPA has designated as a safe amount of chemical to used, whether it be in an insecticide or a fertilizer or in a plastic product, they are only looking at the "safety" from an adult male's perspective and are also not considering the synergistic effects.  That does not protect children in any way since they have a much lower tolerance to chemicals, and may even be faced with a combination of a wider variety of them since they do spend most of their time on the ground.  For example, although scientists admit that some pesticides like chlordane, endosulfan, and dieldrin do disrupt the hormones that control normal cell growth and reproduction in humans and animals, they believed them to be harmless at the low level that we are exposed to.  Researchers at Tulane-Xavier Center for Bioenvironmental Research tested combinations of just two of these chemicals in a tiny amount and found a stunning synergistic increase in toxicity.
 This exposure combination and amount routinely happens to people every day in the real world and it turned out to be more than 1,000 times as dangerous as either chemical alone!  This mixture of chemicals and increase in toxicity is called potentiation, which means that poisons are more harmful in mixtures than if encountered alone.
 


It is without a doubt, a world infected with chemicals which we thought would help us, and in the long run are only hurting us as they combine to form more dangerous chemicals, and as we naively ingest them for use by our bodies.

Deciding on a wise course involves a host of considerations and, most of all, value judgments.  It is not just a question of the quality of science describing the problem but also of how we see the risks and how much risk we are willing to entertain.  Consider the convenience that endocrine-disrupting plastics bring to human lives against the risks they entail.  If all that is at stake is the survival of a single gull colony, it may be wise to wait for further scientific study before embarking on an effort to reduce exposure.  If, on the other hand, it is a question of decreasing human sperm counts, prudence may dictate acting immediately rather than waiting to see whether the downward trend continues.
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