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The Disorder
Asthma is a chronic inflammatory disorder of the lungs characterized by episodic and reversible symptoms of acute airflow obstruction (narrowing of the airways that makes it difficult to breath) (National Institutes of Health). People with asthma can suffer from symptoms ranging from wheezing, cough and a sensation of tightness in the chest, to a severe inability to expel air from the lungs, suffocation and death. Although asthma can begin at any age, it most commonly occurs in childhood. In some cases, as children grow older, their asthma becomes less severe or resolves altogether. People who had asthma as children sometimes experience a recurrence of the disease later in life. Asthma is treated with bronchodilators to help in the event of an acute attack.

Occurrence and Trends
Asthma is a common disease that has been increasing in frequency for many years. The disease affects between 17-26 million people in the United States, and the occurrence is unevenly distributed geographically (Rappaport and Broodram 1998; American Lung Association). Asthma is more common in African Americans, among whom the disease has worse outcomes, with hospitalization rates about four-times higher than among Caucasians and death from asthma about twice as common (Von Behren et al.1999 ; Schleicher et al. 2000). The disease is also more common among low-income people living in urban areas. Nearly one-third of people with asthma are children. Asthma is the number one cause of hospitalization among children, the number one chronic health condition among children, and the leading cause of school absenteeism attributed to chronic conditions (American Lung Association).

Numerous studies have reported that asthma is increasing in the United States and around the world, with a particularly dramatic increase in young children (Millar and Hill 1998). Increases have been reported in the number of individuals with asthma and in the severity of the disease, including hospitalizations and deaths, despite more awareness of asthma and improvements in asthma treatment. The number of individuals with asthma increased by 42% in the U.S. during the last decade and has roughly doubled since 1980 (Friebele 1996). Among children, the prevalence of asthma increased by 58% between 1982 and 1992 and deaths directly attributable to asthma increased by 78% from 1980 to 1993 (Clark et al. 1999). The odds of an adverse outcome (such as intubation, cardiopulmonary arrest, or death) among children hospitalized for asthma in California doubled from 1986 to 1993 (Calmes et al. 1998). There is a widespread consensus among experts that the increases in asthma are real, and are not just due to increased awareness of the disease.

Causes of Asthma
Asthma is known to have both genetic and environmental components. Asthma and allergies often run in families, and some people inherit a genetic predisposition to developing allergic reactions and asthma. This predisposition is called atopy. Atopic individuals are more likely to develop allergies, eczema, and asthma. In fact, 28% of children whose mothers have asthma have themselves been diagnosed with asthma, compared to only 10% of children of non-asthmatic mothers (Millar and Hill 1998). It is clear that the rapidly increasing rates of asthma in the population cannot be due to genetic changes, since genetic changes occur over many generations (Patiño and Martinez 2001). In addition, asthma is occurring increasingly in individuals without atopy or without family histories of allergic disease (Christie et al. 1998). 

Environmental factors are known to trigger asthma attacks in individuals with the disease. More recent research indicates that environmental exposures may actually cause asthma in some individuals. Environmental factors associated with asthma include viral infections, contaminants in indoor air such as pet dander, dust mites, cockroach feces, fungal contamination, volatile organic compounds (VOCs) and secondhand smoke. In outdoor air, pollen is associated with asthma, as are common pollutants such as ozone, nitrogen oxides (NOx), particulate matter, and diesel exhaust. People can also encounter chemical sensitizers that can cause asthma at work. Chemicals such as the isocyanates, methacrylates, epoxy resins, some pesticides, some types of wood dust, and bacterial toxins can all cause or contribute to asthma in the workplace. 

Recent research has begun to uncover important changes in immune function that can set the stage for asthma very early in life (Holt and Jones 2000). Some researchers have discovered that fetuses can become sensitive to environmental contaminants before birth, thus emerging with a strong predisposition to allergies and asthma. Breastfed infants are less likely to develop asthma and allergies compared to those fed infant formula (Chandra 1989). Scientists believe that immune-modulators in breast milk can help the infant’s immune system develop in a way that decreases susceptibility to infectious disease and to allergy (Goldman 1986). Other researchers have discovered that a critical type of immune cell, called the T-helper cell (Th cell), can have two different sub-categories. When the Th1-type of cell is most prevalent, individuals do not appear to develop asthma symptoms. The Th2-type, however, causes secretion of interleukins and other chemical signals that can initiate an allergic or asthmatic reaction (Huss and Huss 2000). A shift in the predominant T cell population from the Th1-type to the Th2-type has been associated with asthma (Peden 2000). There is currently much attention to environmental factors that can alter the proportion of Th1 to Th2 cells during infancy and childhood.

Infections and Asthma
Several common diseases of childhood have been associated with airway inflammation, bronchitis, and wheezing (Gern 2000). Both children and adults with asthma commonly wheeze when they are infected with the common cold (rhinovirus). Infants who did not previously have asthma and become infected with respiratory syncytial virus (RSV) or parainfluenza virus may develop wheezing that can persist as an asthma-like syndrome. These findings have caused some scientists to propose that individuals with a genetic susceptibility to asthma (atopic individuals) may develop asthma following viral infection. Mild, or latent asthma, may then be worsened by subsequent viral illnesses. Viruses may also have synergistic effects with environmental allergies, resulting in more severe asthma symptoms.

In contrast, some studies suggest that early childhood infections may reduce the likelihood of asthma. For example, children who had measles as children had only one-third the likelihood of developing allergies compared to children who were vaccinated against measles (Shaheen et al. 1996). Similarly, schoolchildren who had strongly positive tuberculosis skin tests, indicating possible direct exposure to tuberculosis, had lower levels of Th2 cytokines and were less likely to have asthma or other allergic illnesses compared to children vaccinated against tuberculosis with less of an immune reaction against the disease (Shirakawa et al. 1997). In possibly related findings, children exposed to farm animals and to endotoxin (a toxin produced by certain kinds of common bacteria) have a lower risk of asthma, as do children with older siblings and those who attended day-care during the first six months of life (Patiño and Martinez 2001; Ball et al. 2000). These findings have resulted in the so-called “hygiene hypothesis”, in which exposure to childhood diseases, domestic animals, and bacteria is thought to have a protective effect against developing asthma and allergies by encouraging the predominance of the Th1 cells. In contrast, children living in modern urban environments where they have been vaccinated against common diseases may be more at risk for developing the Th2-type immune responses of asthma. This hypothesis, while intriguing, is not consistently supported by the scientific evidence, and fails to explain the higher risk faced by African-American children, and by urban children compared to suburban children (Busse and Lemanske 2001). 

Indoor Environmental Exposures
Individuals with asthma are more likely than those without asthma to have allergic responses to common household allergens. Asthmatics commonly have positive skin-prick tests to protein extracts from cockroaches, house-dust mites, cat and dog dander, pollen, and common molds (Ball et al. 2000). It is clear that exposure to these allergens can trigger an asthma attack in someone who has asthma and is already sensitized to these proteins. In sensitized asthmatics, efforts to reduce levels of dust mites or other allergens in the home have been shown to reduce the severity of respiratory symptoms (Clark et al. 1999). However, the theory that these common allergens actually cause asthma is seriously weakened by three factors: first, there has not been any significant increase in indoor allergen concentrations during the last few decades to account for the doubling of asthma rates during that time (Platts-Mills et al. 2000). Second, there are no differences between asthma rates in geographic areas where house-dust mite and fungal concentrations are low (such as dry, cool regions) and warm, humid areas where the concentrations are high (Peat et al. 1993). Third, numerous studies have found that children raised in environments with low exposure to allergens are less likely to be sensitized to these particular allergens, but these studies have not found that these children are any less likely to develop asthma (Patiño and Martinez 2001).

Numerous volatile organic compounds (VOCs) are found in modern buildings, particularly those in urban areas (Kinney et al. 2002). These chemicals include many respiratory irritants such as formaldehyde, toluene, and chloroform. VOCs may enter from outside but remain trapped in the indoor environment, or they may be released from building materials, carpets, and furniture. These compounds are also found in some household products including glues, paints, and detergents. Detergents also contain enzymes and surfactants that can be irritating and cause immunological resposes (Poulson et al. 2000). Homes with attached garages also contain VOCs from evaporated gasoline emitted from parked cars. Some researchers theorize that these chemicals may have a role in asthma (Larsen et al. 2002) . However, at this time there is very little evidence to help determine whether or not VOCs or detergents are important in asthma causation or exacerbation.

Exposure to secondhand cigarette smoke has consistently been associated with increased frequency and severity of asthma attacks in both children and adults, and has also been associated with the development of asthma in children (Forastiere et al. 1994). Infants whose mothers smoke during pregnancy have reduced pulmonary function and are more likely to have persistent wheezing until at least age six (Martinez et al. 1995). Maternal smoking results in at least a doubling of a child’s risk of asthma (Martinez et al. 1992). Risk of asthma is associated with both prenatal and postnatal exposure to secondhand smoke, and is clearly dose-related, increasing with more smoking family members and in the homes of heavy smokers. Cigarette smoke resembles diesel exhaust and industrial emissions, containing a similar mix of tiny particles, thousands of toxic chemicals, and numerous respiratory irritants. Exposure to cigarette smoke and to outdoor air pollution may therefore cause similar asthmatic responses.

Outdoor Air Pollution
Asthma is more common in the urbanized areas of industrialized countries, and is particularly common in children living along busy roads and trucking routes (Brunekreef et al. 1997). A population-based survey of more than 39,000 children living in Italy found that children living on streets with heavy truck traffic were 60 to 90 percent more likely to have acute and chronic respiratory symptoms such as wheeze or phlegm, and diagnoses such as bronchitis and pneumonia (Ciccone et al. 1998). A German study of over 3,700 adolescent students found that those living on streets with ‘constant’ truck traffic were 71 percent more likely to report hayfever-like symptoms and more than twice as likely to report wheezing (Duhme et al. 1996). Studies have also shown that the proximity of a child's school to major roads is linked to asthma, and the severity of children’s asthmatic symptoms increases with proximity to truck traffic (Pekkanen et al. 1997). Both nitrogen oxides and particulate matter were linked to a significant decrease in lung function growth among children living in the Southern California (Gauderman et al. 2000). Although some components of outdoor air pollution are beginning to decline in the United States, ozone and fine particle pollution (PM2.5) from diesel engine exhaust are an ongoing or increasing problem (U.S. EPA 1997). 

Numerous studies have demonstrated that specific components of air pollution are associated with asthma attacks (Mortimer et al. 2002). For example, particulate air pollution has been linked to increases in emergency room visits for asthma (Norris et al. 1999). Nitrogen dioxide (NO2) and sulfur dioxide are directly damaging to the respiratory system. Exposure to sulfur dioxide in laboratory volunteers results in airway constriction, chest tightness, and asthmatic symptoms (Balmes et al. 1987). Elevated levels of NO2 in outdoor air are associated with exacerbations of asthma (Studnicka et al. 1997). Because these compounds are airway irritants, it is not surprising that they can trigger asthma attacks. 

Air pollutants may act in conjunction with common allergens to dramatically increase sensitivity to pollen or other common proteins. In laboratory volunteers, combined exposures to levels of ozone or NO2 commonly found in urban air and low levels of common allergens such as pollen results in dramatically enhanced asthmatic or allergic reactions (Jorres et al. 1996; Strand et al. 1998). Air pollutants such as diesel exhaust and ozone may do more than trigger attacks in people with asthma. New data suggests that these substances may actually cause asthma in previously healthy children (McConnell et al. 2002). Diesel exhaust is a major source of ambient PM2.5 and NO2 (Ciccone et al. 1998). An estimated 26 percent of all particulate matter from fuel combustion sources arises from the combustion of diesel engines. Diesel exhaust also comprises a quarter of the nitrogen oxide smog precursors released nationally. Diesel exhaust has been causally associated with asthma by several lines of evidence (Pandya et al. 2002). Several researchers have shown that exposure to diesel exhaust causes direct immunological changes in the airways that are consistent with the inflammatory changes in asthma, and that diesel exposure shifts T helper cells toward the allergic Th2 cell-type (Diaz-Sanchez 1997; Diaz-Sanchez et al. 1997). As previously described, the Th2 type is associated with an increased likelihood of developing allergies and asthma. One important study has shown that exposure to common urban levels of diesel exhaust can cause people to develop allergic reactions to proteins to which they did not previously react (Diaz-Sanchez et al. 1999). In this study, some volunteers were exposed to a concentration of diesel exhaust roughly equivalent to 1-3 days of breathing Los Angeles air prior to exposure to a new allergen. Subjects exposed to the new allergen alone did not develop antibodies to this compound, whereas subjects exposed to diesel exhaust followed by the allergen developed a full-blown allergy. The similarities between the composition of secondhand cigarette smoke and diesel exhaust also increases the likelihood that the substances may have similar effects in predisposing exposed individuals to asthma development. Recent studies showing that chemicals known as polycyclic aromatic hydrocarbons (PAHs), components of diesel exhaust and cigarette smoke, can cross the placenta and cause effects in the fetus and newborn increase the concern about prenatal exposures (Whyatt et al. 2001). 

Occupational Asthma
Exposures in the workplace can aggravate pre-existing asthma or can cause new-onset asthma. Some workplace chemicals can even cause asthma in people who are not atopic and therefore have no evidence of a genetic predisposition toward asthma. Some chemicals cause asthma due to a powerful irritant effect of a high-level exposure. For example, exposures to corrosive, acid, or alkaline smoke, vapor or gas can cause an acute onset of asthma-like disease (Alberts and do Pico 1996). Onset of asthmatic symptoms in an adult should be considered a sign of possible work-related asthma. 

Several studies have indicated that the proportion of all asthma in the general population that is attributable to workplace exposures is in the range of 8-21 percent (Blanc and Toren 1997). Chemicals that are known to cause asthma include the isocyanates, acid anhydrides, methacrylates, complex amines, metal-working fluids, and several metals (Lombardo and Balmes 2000). Isocyanates are used in polyurethane foams, plastics, paints, and varnishes, while acid anhydrides are used in epoxy resins and plastics, and complex amines are found in photographic fluids, shellacs and paints. Methacrylates are used in orthopedic surgery and dentistry as a bonding cement. Metals that are associated with asthma when they are in the form of a dust or an aerosol include platinum salts, aluminum, cobalt, chromium, and nickel. People working in various occupational settings can also become sensitized to a wide range of organic proteins, including latex, grain dusts, animal proteins, and wood dusts. 

Several pesticides are also known to cause allergic reactions or airway constriction. These may be associated with asthma in workers, and may also be a concern to people exposed to these chemicals when they are used as household insecticides. Case reports and specific bronchial challenge testing have linked several pesticides with occupational asthma. These pesticides include captifol (Royce et al. 1993), sulfur (Freedman 1980), pyrethrins and pyrethroids (Box and Lee 1996), tetrachloroisophthalonitrile (Honda et al. 1992), and several organophosphate and n-methyl carbamate insecticides (Underner et al. 1987; Weiner 1961). For example, the organophosphate insecticides are known to cause increased mucus production and bronchoconstriction (Reigart and Roberts 1999). The pyrethrin and pyrethroid insecticides are related chemically to chrysanthemum flowers and have been reported to cause allergic sensitization (Box and Lee 1996).

Conclusion
Asthma is an illness that has been increasing in frequency and severity in all age groups and in most developed countries. The disease is most common in African American children living urban areas. While it is clear that some people inherit a genetic predisposition to asthma, the increases in asthma rates are due to environmental, rather than genetic factors. Many common allergens can trigger asthma attacks in individuals who already have the disease. The most critical question is what environmental factors can cause new-onset asthma in individuals who did not previously have the disease. In this area, the interactive effects between air pollutants and allergens create an important clue, indicating the possibility that environmental exposures may work together to create asthma. In addition, exposures early in life, including prenatally and during infancy, have been shown to be important in setting the stage for later development of asthma. Many chemicals in common use in workplaces and in homes have also been implicated in initiating or exacerbating asthma.
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What is a Birth Defect? 
According to the March of Dimes, “a birth defect is an abnormality of structure, function, or metabolism (body chemistry) present at birth that results in physical or mental disability, or is fatal” (MOD).  Another definition (International Classification of Diseases, 9th revision) limits the term to structural malformations and deformations.  Minor structural birth defects, such as an extra skin tag, nipple, or a rudimentary extra finger, do not necessarily result in a disability, though they may be unwanted, cosmetically disfiguring, and a sign of abnormal development that signals an underlying cause that should not be ignored.  Varying definitions of the term “birth defect” add to the challenges of tracking their incidence and understanding their causes.  

Unlike the March of Dimes, many clinicians and scientists do not consider metabolic abnormalities to be birth defects since many can be explained by recessive genetic inheritance.  Although that does not make them unimportant, for purposes of studying the incidence and causes of birth defects, it often helps to more narrowly define the conditions being considered. 

The March of Dimes definition also includes immune and nervous system abnormalities that are present at birth, though some, for example, mental retardation, autism, and attention deficit hyperactivity disorder (ADHD), may not become apparent for months or years. 

Other developmental problems that are sometimes considered related to birth defects include premature birth and low birth weight.  They increase the risk of infant mortality and developmental disabilities, like cerebral palsy and mental retardation. Approximately 20% of children with cerebral palsy and 50% of children with mental retardation also have structural birth defects, showing that these conditions often overlap (Goldman, 2001).  In this paper, we address structural birth defects and include observations about prematurity, low birth weight, and functional neurological disorders. 

Structural birth defects affect the formation of parts of the body and may be apparent at birth, though in many cases they are not diagnosed until later, sometimes even after the first year of life. Historically, structural birth defects have been classified as either major or minor.  Most birth defect research and monitoring efforts have focused on major structural abnormalities such as oral clefts, heart defects, spina bifida, and limb defects. Major birth defects remain the leading cause of infant mortality in the United States (Petrini, 1997).  The leading birth defects associated with infant death are heart defects (31%), respiratory defects (15%), nervous system defects (13%), multiple abnormalities (13%), and musculoskeletal abnormalities (7%).  Birth defects are also a major cause of miscarriages and fetal death.

Costs of Birth Defects 
According to an analysis by the California Birth Defects Monitoring Program, the estimated lifetime costs for children born each year in the US with one or more of 18 of the most significant major birth defects, including cerebral palsy, were approximately $8 billion (in 1992 dollars) (http://www.cbdmp.org/pdf/uscost.pdf).   Costs related to other developmental disabilities add substantially to this amount.  Special education costs for a child with autism spectrum disorder, for example, are over $8000 annually, with care in residential schools reaching $100,000/year (CDC).  Children with ADHD incur medical costs twice those of children without ADHD and are more likely to have major injuries, asthma, and hospital inpatient and outpatient care (Chan, 2002).

 

How Common are Birth Defects?
Many pregnancies that are adversely affected end in a miscarriage or a stillborn baby instead of the birth of a child with a structural or functional birth defect.   According to a report by the National Academy of Sciences, nearly half of all pregnancies today result in the loss of the baby or a child born with a birth defect or chronic health problem (National Research Council, 2000).

The true incidence of birth defects is difficult to determine because of inconsistent and incomplete data gathering.  Not all states have birth defect registries, and in those that do, their quality varies considerably.  This issue was recently reviewed by the Pew Environmental Health Commission, which found that, although the incidence of some birth defects is increasing rather dramatically, one-third of all states have no system for tracking birth defects, and systems are inadequate in most others (Goldman, 2001).  Moreover, even in states with birth defect registries, most do not include children with defects that become apparent months or years after birth.

Suggested methods for addressing these surveillance deficiencies differ considerably. Although most people support improved state-by-state, nationwide tracking, an alternative view holds that it would be more fruitful to concentrate comprehensive efforts and resources on a few carefully selected geographic areas. 

About 3.5 % of all babies will have structural birth defects that are recorded on hospital discharge records (Smulian, 2002).  One of the largest studies of structural birth defects, however, shows this to be an underestimate of the true number.  The Collaborative Perinatal Project recorded birth outcomes for 50,000 pregnant women at 20 different medical centers (Chung, 1975).  Children from these pregnancies were followed up to 7 years after birth.  The total rate of structural birth defects was nearly 16%.  Half of these (7-8%) were major birth defects and half were less serious.

With the exception of some parts of California and metropolitan Atlanta, GA, no states track conditions such as mental retardation, cerebral palsy, or other functional defects, making it difficult to draw conclusions about their frequency or incidence trends.  This problem is complicated by changing and inconsistent criteria for diagnosing a particular disorder.  For example, attention deficit hyperactivity disorder (ADHD) is a collection of traits that are present to varying degrees in affected individuals.  Similarly, individuals with autism spectrum disorders (ASD) have a wide range of different manifestations and disabilities. Inconsistencies in applying diagnostic criteria and varying reporting patterns make it difficult to draw definitive conclusions about ASD trends, and this remains a topic of considerable debate. (Yeargin-Allsopp, 2003; Fombonne, 2003; Croen, 2003)

 What Causes Birth Defects?
The cause of most birth defects is unknown. Genetic, nutritional, infectious, and other environmental factors, such as radiation, pharmaceuticals, and toxic chemicals, contribute to the total incidence of birth defects, but the percentage attributable to each is not known.

A growing number of experts believe that most birth defects result from multiple factors such as an interaction between one or more genes and the prenatal or preconceptual environment (National Research Council, 2000).  Gene-environment interactions refer to the circumstance in which certain genes may predispose an individual to a birth defect, but one or more environmental factors are also necessary for the defect to be produced.

A number of instances of this interaction are known.  For example, maternal cigarette smoking and genetic variations in production of a growth factor combine to significantly increase the risk of having a child with oral cleft defects (Hwang, 1995). Similarly, fetal alcohol syndrome is a condition in which a child may be born with structural defects of the head and face and later develops evidence of cognitive, learning, and attention problems.  The risk of having a child with fetal alcohol syndrome is increased in women who not only drink alcohol during pregnancy but who are also genetically determined to metabolize alcohol in a particular way (Ruttledge, 1994). 

Genetic causes of birth defects can occur as a result of one or both parents carrying one or more unfavorable genes or from chromosomal damage in the developing embryo.  Environmental agents may play a role by triggering genetic mutations or other chromosomal damage that leads to birth defects.  For example, radiation can cause mutations in the DNA of chromosomes of eggs or sperm, and these mutations can, in turn, cause abnormal embryonic development.  Some chemicals are mutagenic or cause abnormal chromosome numbers in eggs or sperm and may have a similar effect.

Certain pharmaceuticals or environmental chemical contaminants, however, can cause birth defects without causing mutations in DNA.  For example, Dilantin (anti-seizure medication), retinoids (used to treat severe acne), lead, mercury, and polychlorinated biphenyls (PCBs; a family of industrial chemicals that contaminates the general food supply) can cause birth defects by disrupting normal embryonic and fetal development through a number of other mechanisms.

Birth defects have also been linked to maternal infectious illnesses like rubella (German measles) and toxoplasmosis (a parasitic disease).  Nutritional deficiencies also play a role.  Low levels of folic acid in the mother, for example, have been implicated in the occurrence of neural tube defects (anencephaly, spina bifida and encephalocele).  Birth defects are also more frequent in the children of mothers who have diabetes or thyroid disorders.  The reasons for these increased risks are not always well understood.

 

Studying Environmental Causes of Birth Defects
Studying the role that environmental factors play in causing birth defects is extremely challenging and current understanding is evolving.  Research approaches include studies in vitro (test tube) and in laboratory animals, wildlife, and human populations.

Laboratory animal and in vitro studies:

Animal studies are often used to examine whether or not an environmental agent may disrupt normal development.  Such studies are required when a new drug or pesticide is proposed for the market, but these evaluations have significant limits.  In general, they tend to emphasize obvious structural defects but are limited in their ability to identify functional defects.  Species differences in susceptibility make it necessary to examine effects in at least two separate species.  Genetic similarities in laboratory animals of the same species limit the value of this testing strategy for predicting impacts in genetically different populations of people.  In short, the combined contributions of genetic, nutritional, and other environmental factors to birth defects in humans are not easily studied in laboratory animals.  Nevertheless, animal studies continue to be extremely useful in identifying some agents that cause birth defects, sparing humans from unnecessary harm and suffering.  Unfortunately, the developmental impacts of many commonly encountered industrial chemicals have not been studied at all, even in laboratory animals.  In vitro screening techniques using dividing, living cells exposed to environmental agents avoid the use of laboratory animals and offer some promise for future directions.  


Epidemiologic studies in human populations:

Birth defect risks in human populations exposed to pharmaceuticals, drugs of abuse, pesticides, or other industrial chemicals can be studied using several different approaches.  Each approach has its strengths and limitations.

1. Case reports may be useful when unusual defects suddenly show up in a cluster of children and are recognized by astute parents or clinicians.  Investigation of the use of the drug thalidomide during pregnancy and the resultant severe arm and leg defects in children exposed prenatally is an example of an instance when case reports were helpful.  Early suspicions of harmful effects were ignored in some countries, but case reports ultimately lead to case-control studies that confirmed the link, tragically only after a large number of children had been damaged.  For a variety of reasons, however, investigations of case reports of clusters of defects may fail to find a cause, though they may generate hypotheses that warrant further study. 

2. In another kind of study (cohort study) a large number of people are assigned to groups on the basis of chemical exposure or nutritional status, and pregnancy outcome is monitored.  This kind of study is difficult, expensive to conduct, and rarely done.  The National Collaborative Perinatal Project, launched in the 1950s, enrolled more than 50,000 pregnant women and followed them until their children were 8 years old.  In this kind of study, many factors may contribute to pregnancy outcome and must be controlled for (e.g. family history, diet, occupation, smoking status, alcohol and drug use, etc).  

3. Case-control studies are most commonly used to study the relationship between environmental factors and birth defects in people.  In this kind of study, a group of children with a particular classification of defect is compared with a control group of children without the defect, but otherwise similar, to see if some difference in previous environmental exposures can be identified.  This study design is often limited by inability to estimate accurately exposures that occurred months or years previously.   Identification of the control group can also be difficult. 

Sources of Uncertainty: Additional Challenges to Studying 
Environmental Causes of Birth Defects
Identifying, quantifying, and timing exposures:

Identifying, quantifying, and timing chemical exposures during fetal development are major challenges to investigating the role of environmental factors in causing birth defects.  A large body of scientific research shows that not only the magnitude of exposure but also its timing is an extremely important determinant of risk because of the specific sequencing of developmental events.  If the timing of potentially harmful exposures is not known, a link between birth defects and environmental factors may be missed.  For example, children exposed to the drug thalidomide during the third to sixth week of gestation often suffered severe limb deformities, while children exposed later had either no or different health effects. Early exposures to thalidomide, approximately 20-24 days after conception, increased the risk of autism (Rodier, 2000). 

Classifying birth defects:

Regardless of study design, it is often difficult to know how best to group birth defects for analysis.  There are tradeoffs among the choices.  For example, in an attempt to increase the statistical power of a study to identify causal environmental factors by increasing the number of cases, researchers may “lump together” defects that should not be considered in the same category from the standpoint of developmental biology.  “Heart defects”, for example, are often considered to be a single category, but within this group are individual kinds of defects that should be considered individually.  “Lumping” defects into a single category will tend to “hide” a specific defect that actually is causally related to a specific environmental factor.  Yet, because individual defects are relatively rare, statistical power is lost when the number of cases is small. 

Multifactorial causes of birth defects:

Scientific evidence indicates that not all people are equally susceptible to birth defects.  Genetic and nutritional factors may combine with other environmental factors to increase the risk.  This combination of factors makes it extremely difficult to conduct epidemiologic studies in populations of people when the entire collection of risk factors is not well understood or identified.  

Modest vs. dramatic increases in risks of birth defects:

Some environmental agents appear to increase the risk of birth defects moderately but not dramatically.  Though extremely important, modest increases in risk are difficult to demonstrate with a high degree of certainty and often remain unidentified.  As a result, some reports of chemical agents that are known to cause birth defects are often limited to those that cause a large increase in risk.  For example, some people argue that environmental agents should only be considered relevant and causally related to birth defects if they produce an increased risk of at least 6-fold (Shepard, 1995).  However, lesser increases in risks, for example, 1.5-2 fold, are also important and, in large populations, may result in considerable numbers of affected individuals.  In numerous studies, many chemicals, or classes of chemicals, are implicated as significant contributors to the risk of birth defects, though the risk is frequently less than 6 times higher than in unexposed groups. 

Some Examples of Environmental Exposures that Cause or are 
Associated with Birth Defects in Humans
This section is based on published reports showing potential links between environmental agents and classes of birth defects in people.  Laboratory animal data are not included in this section.  This is an important limitation inasmuch as studies of the developmental impacts of chemical exposures are much more numerous in laboratory animals than in humans.  Citations are obtained from searching Medline, Toxline, and medical textbooks. 

It is important to recognize that, for some environmental agents, the evidence for a causal role in birth defects is strong whereas for others, the evidence is less consistent or weaker.  For example, an increased risk of oral clefts associated with maternal smoking, is much better established than other environmental risks for clefts.  In some cases, studies that are not cited do not find the same associations, and additional investigations may or may not confirm the positive study’s findings.  A series of reports investigating the same agent or class of agents may have inconsistent or conflicting conclusions.  For many, the best we can conclude is that available data “implicate” particular agents but further investigations are necessary to confirm the findings.  This is the state of the science at the current time, highlighting the need for more systematic and focused attention, while at the same time asking when the weight of evidence is sufficient to act to protect health.   

 

Heart Defects
Heart abnormalities are very common.  Approximately 1 in every 400 newborns has a heart defect (CBDMP, 2004).  Some heart defects such as holes in the heart wall may be mild and resolve without surgical intervention.  Others like hypoplastic left heart syndrome are incompatible with life unless the baby can survive long enough to receive a heart transplant.

Environmental Exposures Associated with Heart Defects:

	Exposure
	References

	Maternal medications 

Hormones, antinauseants, seizure        medications, anti-inflammatory drugs, tranquilzers, antibiotics, codeine, ibuprofen
	(Cedergren 2002) (Ericson 2001) (Hernandez-Diaz 2000) (Hook 1994) (Loffredo 1993) (Ferencz 1991) (Rubin 1991) (Zierler 1985) (Hendrickx 1985) (Rothman 1979) (Heinonen 1977) (Nora 1975) 

	Maternal illness

Diabetes, rubella, thyroid disease, toxoplasmosis, Coxsackie virus B
	(Cedergren 2002) (Vohra 2001) (Loffredo 1993) (Rosenberg 1987) (Freij 1988) 

	Maternal alcohol
	(Tikkanen 1992, 1988) 

	Maternal occupations/exposures

Nursing, dye, lacquer, paint
	(Loffredo 1997) (Ferencz 1996) (Tikkanen 1992) (Tikkanen 1990)

	Paternal occupations/exposures

Jewelry making, welding, paint stripping, lead soldering, janitors, forestry and logging, painting, plywood mill work, marijuana use, alcohol, smoking
	(Steinberger 2002) (Loffedo 1993) (Correa-Villasenor 1993) (Olshan 1991)

	Solvents (e.g. benzene, trichloroethylene, and other organic chemicals used in a variety of consumer products and industrial processes)
	(Nurminen 2001) (Loffredo 1997, 1996, 1991) (Loffredo and Beaty 1997) (Tikhonova 1997) (Ferencz 1996, 1992,1991) (Redden 1993) (Tikkanen 1992, 1988) (Correa-Villaseanor 1991) (Bao 1991) (Correa 1990) (Correa-Villaseanor and Loffredo 1990)

	Pesticides (may include insecticides, herbicides, fungicides, etc.)
	(Sherman 1995) (Ferencz 1992) (Correa-Villaseanor 1991)

	Chlorination byproducts
	(Cedergren 2002) (Hwang 2002)

	Living near hazardous waste sites
	(Croen 1997) (Shaw 1992)

	Heavy metals

Lead, arsenic
	(Vinceti 2001) (Engel 1994) (Ferencz 1992, 1991) (Correa-Villaseanor 1991) (Zierler 1988)

	Ionizing radiation
	(Correa-Villaseanor 1993) (Correa-Villaseanor 1991)

	Maternal Smoking
	(Ferencz 1996) (Loffredo 1993)


Oral Clefts
Oral clefts are birth defects of the structures that form the mouth.  A cleft lip means that the two sides of the upper lip did not grow together properly.  A cleft palate is a split or opening in the roof of the mouth.  Cleft lip and palate may occur individually or together in the same baby.  The opening in the lip or palate may be on one side only (unilateral) or on both sides (bilateral).  Oral clefts affect approximately one in every 700-1000 newborns with incidence variations in different racial groups.  Families with a history of oral clefts in a parent, another child, or close relative, are more likely to have a baby with an oral cleft.  But many families without such a history also have children with oral clefts.  This had led researchers to believe that environmental factors can interact with specific genes to interfere with the patterns of normal palate closure and lip development.

Environmental Exposures Associated with Oral Clefts:

	Exposure
	References

	Maternal medications 

Antiseizure drugs, oral corticosteroids, antibiotics, folic acid antagonists, retinol, antinauseants, amphetamines, analgesics, chemotherapy, antineurotic drugs 
	(Matalon 2002) (Schatz 2001) (Czeizel 2001, 2000) (Arpino 2000) (Park-Wullie 2000) (Hernandez-Diaz 2000) (Rosa 1986) (Golding 1983) (Milkovich 1977) (Saxen 1975)

	Maternal illness

Diabetes
	(Aberg 2001) 

	Maternal alcohol
	(Lorente 2000)

	Maternal occupations/exposures

Work as a cleaner, work in pelt or leather industry, work as janitors, work with glycol ethers, agricultural work
	(Garcaia 1999, 1998) (Cordier 1997, 1992) (Bianchi 1997)  

	Paternal occupations/exposures

Pesticides, dioxins 
	(Sever 1997) (Sweeny 1994)

	Solvents
	(Nurminen 2001) (Bove 1995) (Holmberg 1982) 

	Pesticides
	(Sever 1997) (Sherman 1995)

	Chlorination byproducts/ public water
	(Bove 1995) 

	Living near hazardous waste sites
	(Orr 1999)

	Heavy metals

Lead
	(Vinceti 2001)

	Maternal Smoking
	(Chung 2000) (Lorente 2000)

	Dioxins
	(Sweeny 1994)


Neural Tube Defects (Anencephaly, Encephalocele, Spina Bifida)
Neural Tube Defects (NTDs) are serious birth defects that involve incomplete development of the brain, spinal cord and/or the protective coverings of these organs.  There are three types of NTDs—anencephaly, encephalocele and spina bifida.  Babies born with anencephaly have underdeveloped brains and incomplete skulls.  Babies with encephalocele have a hole in the skull allowing brain tissue to protrude and babies with spina bifida have an opening in the spine that may allow part of the spinal cord to protrude.  NTDs occur in one or two out of every 1,000 births.  A family history of NTDs and maternal folate deficiency each increase the possibility of having a child with one of these defects, but most NTDs are believed to be multifactorial, meaning that they are likely to be caused by one or more genes interacting with an environmental factor.

Limb Reduction Defects
Limb Reduction Defects (LRDs) involve missing tissue or bone in any part of a limb or limbs. LRDs can range in severity from missing fingers and toes to the complete absence of one or both arms and/or legs.  LRDs occur in about one out of every 2,000 births.  Upper limb defects are twice as common as lower limb defects.  Some LRDs are part of multiple birth defect syndromes that may be inherited.  Many researchers believe, however, that the majority of LRDs are caused by the interaction of a susceptible gene and a triggering exposure.

Environmental Factors Associated with LRDs:

	Exposure
	References

	Maternal medications 

Thalidomide, antiseizure medications, antihistamines, corticoids, thyroid hormones, antinauseants, sex hormones, warfarin, antimigraine drugs, cocaine
	(Robert 2001) (Orioli 2000) (Siffel 1997) (Castilla 1996) (Okada 1995) (el-Gindi 1993) (Sharony 1993) (Fries 1992)(Correy 1991) (Kricker 1986) (Hayes 1982) (Cordero 1981)

	Maternal illness

Diabetes
	(Koallaen 1989)

	Maternal occupations/exposures

Exposure to agricultural chemicals
	(Engel 2000) (Kristensen 1991) (Schwartz 1988)

	Solvents
	(Donald 1991)

	Pesticides
	(Engel 2000)  (Sever 1997) (Munger 1992) (Kristensen 1991) (Schwartz 1988) 

	Pregnancy Tests 

Chorionic villus sampling 
	(Hsieh 1995) (Burton 1992)

	Maternal Smoking
	(Carr 1997)


 

Gastroschisis
Gastroschisis is an abdominal wall defect that results in all or part of the small intestine and other internal organs protruding outside of the abdomen.  One out of every 3,000 children in California is born with gastroschisis (CBDMP).  The defect occurs 5-8 weeks after conception and is thought to be caused by a disruption in the blood flow to the developing abdominal wall.  Studies have linked certain medications and environmental chemicals that are known to alter blood flow to increases in gastroschisis.

Environmental Exposures Associated with Gastroschisis:

	Exposure
	References

	Maternal medications/exposures 

Aspirin, decongestants, marijuana, cocaine, ibuprofen, acetaminophen, oral contraceptives
	(Kozer 2002) (Martainez-Frajas 1997) (Torfs 1996, 1994) (Werler 1992)

(Drongowski 1991)

	Maternal occupations/exposures

Printing, exposure to colorants
	(Barlow 1982) (Torfs 1996)

	Paternal occupations/exposures

 
	(Stoll 2001)

	Solvents
	(Torfs 1996, 1994) 

	Living near hazardous waste sites
	(Dolk 1998)

	Maternal Smoking
	(Haddow 1993) (Goldbaum 1989)

	Maternal radiation
	(Torfs 1994)


 

Hypospadias
Hypospadias is an abnormality of the penis in which the urinary tract opening is not at the tip.  It is a relatively common condition that occurs in about 1 per 300-500 live births. Over the last 25 years, however, the incidence and severity of hypospadias has reportedly doubled in the United States and Europe. (Paulozi, 1999) Hypospadias is more frequent in boys whose fathers have hypospadias and in families where two or more males in the family have the condition. Recent studies indicate that exposures that affect hormone balance during pregnancy may be associated with increases in hypospadias. (Toppari, 2002; North, 2000; Silver, 1999)

Environmental Exposures Associated With Hypospadias:

	Exposure
	References

	Maternal medications 

DES, antiepileptic drugs, cocaine, aspirin
	(Klip 2001) (Arpino 2000) (Battin 1995) (Lindhout 1994) (Lindhout 1992) (Correy 1991)

	Maternal illness

Influenza
	(North 2000)

	Maternal occupations/exposures

In-vitro fertilization using sperm injection into egg, phytoestrogens in vegetarian diet, work in leather industry
	(North 2000) (Silver 1999) (Garcaia 1998)

	Paternal occupations/exposures

Vehicle mechanics
	(Irgens 2000)

	Pesticides
	(Longnecker 2001) (Kristensen 1997)

	Living near hazardous waste sites
	(Vrijheid 1997)

	Dioxins
	(Mori 2001) (Fara 1985)


 

Environmental exposures associated with any structural birth defect: 

[All birth defect risks listed are significantly elevated, although with only a few exceptions, the increased risk is less than 6 fold.  The data in this table are limited to major structural defects and do not include premature birth, retarded growth, or other developmental toxicity.]

	Agent/exposure
	Birth defect
	Reference

	
	
	

	 
	 
	 

	   Solvents
	 
	 

	General solvent exposure
	Heart, central nervous system, oral cleft
	Tikkanen 1988, 1992;

Holmberg, 1979, 1980,          1982; Magee 1993; McMartin 1998

 

	Benzene 
	Neural tube defect, heart
	Bove, 1995; Savitz, 1989 

	Toluene
	Fetal solvent syndrome, urinary tract
	Hersh, 1985; McDonald, 1987 

	Chloroform and trihalomethanes (drinking water disinfectant byproducts)
	Central nervous system, oral cleft
	Bove, 1995

	Glycol ethers
	Oral cleft
	Cordier, 1997

	Trichloroethylene
	Central nervous system; heart; oral clefts
	Bove, 1995 

Goldberg, 1990

	Perchloroethylene 
	Oral cleft
	Bove, 1995

	 
	 
	 

	Metals
	 
	 

	Mercury
	Central nervous system
	Harada, 1978

	Lead
	Abnormal pulmonary blood vessels 
	Correa-Villasenor, 1991

	 
	 
	 

	Other
	 
	 

	Polychlorinated biphenyls (PCBs)
	“Yusho” syndrome: Skin lesions, pigmentation, eye swelling, abnormal teeth and gums, abnormal skull calcifications (relatively high dose maternal exposure)
	Schatz, 1996; Rogan, 1988. 

	 
	 
	 


  

Premature Birth and Low Birth Weight 
Associated with Environmental Exposures
Low birth weight (LBW) is defined as birth weight less than 2500 grams, and very low birth weight as less than 1500 grams.  Babies can be small either because of premature birth or because of retarded growth in the uterus.  In 1997, there were almost 4 million births in the US of which 291,154 were LBW and 54,973 were very low birth weight (Goldman, 2001; NCHS, 2002).  Young maternal age and reduced access to medical care increase the risk of having a LBW child.  African-Americans also have an increased risk of LBW offspring, (NCHS, 2002)

A number of environmental factors also increase the risk of LBW.  They include exposures to cigarette smoke, lead, solvents, pesticides, polycyclic aromatic hydrocarbons (PAHs), and air pollution, including carbon monoxide (Wang X, 2002; Goldman,  2001; Perera, 2003, Ha, 2001 ; Maisonet, 2001; Dejmek, 1999; Bobak, 2000; Ritz, 2000).

The causes of premature birth are not well understood. Strong predictors of prematurity include multiple gestation, prior preterm birth, and African-American ethnicity (Vintzileos, 2002).  Several environmental factors have also been implicated, including air pollution, lead, some solvents, the pesticide DDT, and di-ethylhexyl phthalate (DEHP) (Xu, 1995; Goldman, 2001; Wang X, 2000; Longnecker, 2001; Latini, 2003).

Of particular interest is the apparent importance of gene-environment interactions in LBW and prematurity.  For both cigarette smoke and benzene exposures, maternal genetic determinants of metabolic enzyme levels significantly influenced the risk of LBW and prematurity, respectively (Wang, 2002; Wang 2000).       

 

Other Kinds of Developmental Abnormalities Associated with Environmental Exposures
Testing for developmental toxicity is an emerging science.  Test methods are still undergoing development in laboratory animals and relatively few environmental chemicals have been examined for their ability to alter development in people.  As a result, the functional impacts of fetal exposure to the large majority of environmental chemicals on the immune, reproductive, nervous, and endocrine systems are unknown. 

Considerable information does exist for a few environmental contaminants, showing that the fetus is commonly more sensitive to exposures than an adult.  Exposures during developmental windows of susceptibility can have long-term and even life-long impacts, many of which are not detectable at birth. 

The growing human brain, for example, is uniquely vulnerable to exposures to lead, mercury, manganese, polychlorinated biphenyls, alcohol, toluene, various other drugs of abuse, and pesticides (see table).  Animal studies confirm the unique susceptibility of the developing brain to these and other commonly encountered chemicals.

Similarly, the immature immune system is vulnerable to long-term disruption after exposure to some industrial and environmental chemicals.  The field of developmental immunotoxicology is in its infancy, and there is little consensus surrounding the meaning of various changes in immune system parameters after fetal exposures.  Based on available information, however, it is clear that developmental immunotoxicants can alter susceptibility to infection and other diseases, including allergies.  For example, in one long-term study, background prenatal exposures to PCBs and dioxin increased the risk of middle ear infections and chicken pox, while lowering the risk of allergic reactions and also lowering the antibody response to mumps and measles vaccine in preschool children (Weisglas-Kuperus, 2000).

An increased risk of an even wider range of health effects may result from fetal or early developmental exposures.  For example:

· Maternal use of the synthetic estrogen, diethylstilbestrol, during pregnancy increases the risk of their daughters later developing vaginal, cervical, and breast cancer as well as other abnormalities of the reproductive and immune systems.  Their sons are also at increased risk of reproductive tract abnormalities that are not apparent at birth (Herbst, 1970;  Giusti, 1995).  

· Prostate gland and testicular development in laboratory animals is fundamentally altered by exposure to estrogenic agents during fetal development (National Research Council, 1999).  Similar changes in humans would be expected to increase the risk of prostate and testicular cancer later in life. 

· Changes in reproductive system function and the behavior of animals can be caused by fetal exposures to hormonally active chemicals during fetal development (National Research Council, 1999). 

· The risk of childhood asthma is increased if the mother smoked during pregnancy (Singh, 2003).  

Although more research will be necessary to clarify our understanding of details, the weight of current scientific evidence demonstrates the unique vulnerability of embryonic and fetal development to environmental exposures.  Accumulated information indicates that the definition of “birth defects” must be expanded to include a much larger spectrum of structural and functional impacts, many of which are not apparent until years or decades after birth. 

 Breast Cancer: What We Know

 Breast cancer is the most common cancer in women in the world, in both industrialized and developing countries. In 1999, 467,000 women's deaths were attributed to breast cancer (1.7% of all female deaths).

And as the graph indicates, breast cancer incidence rates are increasing in many countries, although mortality rates are stable or slightly declining in some.

For the vast majority of cases of breast cancer, however, we cannot explain the causes.

We know that a small percentage of cases are linked to an inherited gene. Women who have inherited that gene within families that carry it are more far likely to experience breast cancer. But we also know that many more women without that gene type develop breast cancer also.

One of the best established risk factors for breast cancer during middle age and beyond is life-time experience with estrogen. More estrogen increases breast cancer risk. Many factors influence this, including the levels of intrauterine estrogens during fetal development, whether or not a woman has born a child and if so, when (early or late) and whether or not she breastfed, when her menstrual periods started, when she entered into menopause, obesity, etc.

Other risk factors under consideration include diet, alcohol and solvents, radiation, electromagnetic fields, unusual light cycles, smoking and soot.

The role of estrogen in breast cancer risk has raised the possibility that environmental contaminants that mimic estrogen might also be involved. The evidence on this remains inconclusive. Early studies with relatively small sample sizes indicated a positive association between several organochlorine compounds and breast cancer risk.More recent work has cast doubt on some of these findings. And the latest results indicate that there are links between some estrogenic compounds and breast cancer risk, for examplediethylstilbestrol and dioxin. 

As this work has developed, additional complications have arisen. While they limit what we can say based on current evidence, they provide strong guidance for how future research can and must be conducted.

· First, some of the compounds that had been thought to be estrogenic—to bind with the estrogen receptor and activate genes that estrogen itself would—are instead anti-androgenic or even anti-estrogenic (they block action of androgens and estrogens, respectively). This is the case for DDE (an especially persistent metabolite of DDT) and some very persistent forms of PCBs. Thus a generation of epidemiological work that intended to test the role of estrogenic organochlorines because of the observation that estrogen itself elevates breast cancer risk was misguided. Studies making this mistake continue to be done, nonetheless, for example theLong Island Breast Cancer Research Project . Based on this more recent understanding of DDE's hormonal activity, we should not expect DDE to be associated with an increase in breast cancer risk. DDT itself is another matter, because DDT is a true estrogen. 

· This raises the second complication. Most of these studies have measured breast cancer at the time of breast cancer diagnosis, or even later. [That is one reason why DDE has been a focus: DDT is converted in the body after exposure to several metabolites, of which one form of DDE, p,p'-DDE, is the most persistent.] Yet research in the laboratory with animals and epidemiological studies of women increasingly indicate that the cellular events sowing the seeds for breast cancer take place decades before breast cancer can be detected. It is very unlikely that chemical measurements decades later accurately, or perhaps even remotely, reflect conditions at the time when those cellular events began. This is especially the case because while some estrogenic compounds likedieldrin are persistent, others like bisphenol A are not. 

· The third complication is that all these chemicals come in mixtures. The presence of mixtures weakens the power of epidemiology to find links between exposure and disease quite dramatically. Real links can be there but be masked by the complications caused by the presence of tens, if not hundreds, of compounds. 

What do these complications mean for future research? First, a strong emphasis should be placed on studies that can assess chemical exposures during crucial periods of mammary gland development (especially in the womb and around puberty) and examine the links between those exposures and breast cancer risk much later in life. Second, at least for the "environmental estrogen hypothesis," research should concentrate on compounds that actually are estrogens. Third, epidemiological studies links between environmental estrogens and breast cancer risk need to broaden their scope of inquiries beyond the traditionally-studied persistent organochlorine compounds and include nonpersistent estrogens like bisphenol A in their analyses. And finally, new methods in epidemiology are urgently needed to cope with the obstacles that mixtures pose for research. 

Where does that leave us now? Current scientific evidence does not prove definitively that contaminants are involved in the causation of breast cancer. They are implicated, nonetheless, and their involvement is highly plausible, based on what we know from animal experiments, from basic mechanisms in biology, and from well-designed epidemiological studies. 

Stronger evidence of links is emerging as the studies become more sophisticated and explicitly incorporate methods that circumvent some of the complications noted above. Less weight should be given to research that, by ignoring those complications, has increased its vulnerability to what statisticians call "false negatives" ... finding no statistical association when there really was one.
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The Disease
 

Breast cancer is a very common disease and an increasing concern for women in the U.S. and in many other industrialized countries. One out of every three newly-diagnosed cancers in women is a cancer of the breast, and if current incidence rates hold steady, one out of every eight women in the United States will develop breast cancer during her lifetime (Kelsey and Bernstein 1996). Breast cancer is second only to lung cancer as a cause of cancer-related deaths in women. About one in every four women with breast cancer will die of the disease. Although 99% of breast cancer cases occur in women, this cancer can also affect men, and the outcomes in men are more likely to be fatal (de los Santos and Buchholz 2000).

Breast Cancer Epidemiology: Prevalence and Trends
 

The incidence rate (reflecting the annual number of new cases) has been rising for fifty years, with a particularly steep rise during the 1980’s, and some flattening during the 1990’s (Kelsey and Bernstein 1996). Overall, the rate has been increasing by an average of 1-2% per year. Although some scientists contend that the increase reflects early detection due to mammography, many researchers believe that the increase is real, since earlier detection of cancers would not be expected to cause long-term, steady increases in the number of cases, including the observed increasing rates of breast cancer in young women.

Breast cancer is a disease of industrialized, westernized countries. Historically, rates have been highest in the United States and Western Europe, and low in Africa and Asia. However, in recent years, incidence rates have risen steeply in some traditionally low risk countries such as Japan and several Eastern European countries. When individuals emigrate from a country with low rates of breast cancer to an area with high rates, their risk of breast cancer rises. By the second generation, the children of immigrants have a risk of breast cancer equal to the rest of the U.S. population (Kelsey and Horn-Ross 1993).

 

In the U.S., black women have lower rates of breast cancer than white women, although the rates are paradoxically higher among black women in premenopausal age goups. Breast cancer takes a much more severe course in black women. The rates of metastatic breast cancer are about twice as high in black women, and five-year survival rates are around 60% as compared to about 80% in white women. There are two main theories as to why these differences exist. The poorer outcomes among African-American women may be due to decreased access to health care, resulting in diagnosis later in the course of the disease. This theory is somewhat weakened by the fact that African-American women also have poorer survival than white women at the same disease stage. Others point out that there are subtle by important differences in the cancers that occur in white women and black women, and the latter are more likely to get tuors that are difficult to treat. (Chen et al. 1994) For example, black women are more likely to get cancers that are estrogen receptor-negative (Gordon 1995). These cancers tend to be harder to treat and more aggressive. Unfortunately, few studies have focused specifically on causes of breast cancer in African-American women, so there is little information available to help understand the reasons for the poorer outcomes in this population. The situation becomes even more confusing because male breast cancers are more common among black men than among white men (Meguerditchian et al. 2002). 

The Causes of Breast Cancer: What is Known?
There are few known causes of breast cancer, although there are numerous factors that have been identified as associated with a higher risk of developing the disease (Sasco 2001). One of the known causes of breast cancer is ionizing radiation, an environmental factor. There is also intense research into other possible environmental risk factors for breast cancer, including pesticide exposures, secondhand smoke, air pollutants, and estrogenic chemicals in the environment. Despite some excellent epidemiologic research, the scientific studies looking at breast cancer and environmental toxicants are extraordinarily conflicting, with a frustrating lack of clear, cohesive answers.

 

The particularly conflicting nature of the breast cancer studies may have several explanations. Breast cancer is a multifactorial disease, meaning that many different genetic, lifestyle, and environmental factors contribute to the development of an individual case of cancer. This makes it difficult to pin down any one exposure amid the multiplicity of possible factors, and link it specifically to the disease. Genetic and environmental factors may also interact, so that some women may be more susceptible to environmental toxicants. If researchers do not know how to separate out the more susceptible women from the less susceptible, studies may appear to find conflicting results. Breast cancer also has a very long latency period -- probably several decades elapse between the causal factors and the eventual appearance of disease. Some researchers believe that changes occur to the developing breast tissue during the prenatal period or in childhood that may predispose to breast cancer decades later (Trichopoulos 1990). It is very difficult to evaluate what a woman was exposed to early in life when most studies first interview women or evaluate exposures in adulthood.

 

Although genetics have received a lot of attention in breast cancer research, mutations in the known genes that confer increased susceptibility to breast cancer, BRCA1 and BRCA2, are estimated to be present in less than 10% of cases of the disease (Nicoletto et al. 2001). A study of twins that compared cancer risks of identical twins and fraternal twins estimated the proportion of cancer that is due to inherited genetic factors vs. environmental factors. In this study, an estimated 27% of breast cancer could be explained by inherited genetic factors. The range of estimates of possible genetic risks for breast cancer in this study was fairly broad, spanning 4-41% (Lichtenstein et al. 2000). That leaves a large proportion of breast cancer—probably two-thirds or more of cases— unexplained by inherited genetic factors.

 

Factors known to be associated with higher risk of developing breast cancer include early age menarch (the first onset of menstrual cycle), late age at menopause, shorter menstrual cycles, late age at first full-term pregnancy, fewer children, not breastfeeding, and obesity after menopause ( Key et al. 2001). These risk factors are unified by most researchers into the theory that longer and higher-level exposures to the hormone estrogen, and perhaps also to progesterone, are associated with increased risk of breast cancer (Davis et al. 1997). This theory makes sense because many types of breast cancer cells are known to proliferate in response to estrogen. Menstrual cycling causes women to go through the so-called luteal phase (premenstrual phase) every month when the levels of both estrogen and progesterone in their bodies are quite high. Each monthly cycle therefore exposes the breast to a burst of hormones that can promote the growth of a cancer. The risk factor of obesity after menopause also fits into the estrogen hypothesis. Fat cells convert androgens from the adrenal gland into estrogens. Hormone replacement therapy has also been shown to increase risk of breast cancer by 25-50% after five years of treatment, as would be expected from the associations between estrogen and progesterone and breast cancer (Writing Group 2002).

 

Exposure before birth to the artificial estrogen diethylstilbesterol (DES), a drug widely used in the 1950’s and 1960’s, has been shown to increase breast cancer risk by 2.5-fold, indicating that prenatal exposures to estrogens may predispose to breast cancer many decades later (Palmer et al. 2002). The prenatal estrogen exposure hypothesis is supported by various other observations, including that twins and women with higher birthweights are at higher risk of breast cancer. Twin pregnancies and higher birthweight babies are both associated with higher estrogen levels in pregnant women (Potischman and Troisi 1999). In addition to the estrogenic effects discussed above, pregnancy and breastfeeding cause the breast to fully mature. Until pregnancy, the cells in the milk ducts, and milk producing structures of the breast remain immature. Immature cells are more susceptible to cancerous changes compared to fully developed cells. The estrogen hypothesis is further supported by the fact that higher levels of estrogen have also been associated with breast cancer in men (Meguerditchian et al. 2002).

 

Some researchers have reported that girls are showing signs of puberty at an earlier age today than they did in the past (Herman-Giddens et al. 1997). If menstrual cycling begins at an earlier age, then breast cancer risk is likely to rise since early menarche is a known risk factor for breast cancer. It is not yet clear why the age at puberty may be declining in girls. Researchers have proposed a variety of hypotheses ranging from dietary factors, to exposures to estrogenic chemicals in cosmetic products and the environment.

Diet
 

The much higher rates of breast cancer in westernized countries has led to some scrutiny of the dietary patterns in different regions. Immigrants to the U.S. and other western countries often change their dietary habits dramatically in the course of a generation. This change could contribute to the dramatic increases in breast cancer risk seen when people emigrate from low risk countries to the U.S. The traditional diet in many Asian and African countries is low in fat and includes primarily complex carbohydrates. When compared to women eating traditional diets, women consuming a western diet have different hormone profiles. Women eating a high fat, high protein diet with mostly refined carbohydrates and sugars have higher levels of sex hormones in their blood, lower excretion of extrogens in their feces, and lower levels of a protein called sex hormone binding globulin (SHBG)  Adlercreutz 1990). This protein attaches to estrogen, making the estrogen temporarily inactive. High fiber diets have been shown to increase elimination of estrogen and its metabolites in the feces, thereby lowering circulating estrogen levels (Adlercreutz 1990).

 

The traditional Asian diet also contains large amounts of natural estrogens, known as phytoestrogens. These weak estrogens, found naturally in soy, nuts, and whole grains, have received some attention in the breast cancer community (Bradlow and Sepkovic 2002). In adult or adolescent women, phytoestrogens may modulate the effects of endogenous estrogens. Phytoestrogens also may increase the levels of SHBG and may act on the hypothalamus and pituitary gland, causing them to send the ovaries a signal to reduce production of estrogens (Adlercreutz 2002). However, studies in animals and humans have failed to find evidence that phytoestrogens protect against breast cancer (Adlercreutz 2002). In the fetus, the effects of phytoestrogens may be more clearly adverse. In rodent studies, short-term exposures to phytoestrogens during critical periods of fetal development can cause cancer (Newbold et al. 2001).

 

 

 

Environmental Exposures
 

Ionizing radiation, alcohol, and synthetic estrogens are known causes of breast cancer. Many other environmental exposures are being studied as possible breast carcinogens, but the data so far are conflicting and uncertain. Electromagnetic fields and light at night have shown associations with breast cancer in a few studies. Much research has focused on several pesticides, including DDT and dieldrin, and on the polychlorinated biphenyls (PCBs). The data linking these chemicals to breast cancer in humans is conflicting. Because estrogens are known to promote the development of breast cancers, the finding that numerous pesticides, and chemicals in plastics, cosmetics, and foods can mimic estrogen provides particular reason for concern. Although endocrine disrupting chemicals are an important research question, with the exception of estrogenic drugs such as diethylstilbesterol (DES), hormone replacement therapy, and possibly the pesticide dieldrin, the links to breast cancer remain mostly hypothetical in humans. Numerous common environmental chemicals have been found to cause mammary gland tumors in laboratory rats or mice. Only a few of these chemicals have been studied in humans, and this is a fertile area for future research. The polycyclic aromatic hydrocarbons (PAHs), chemicals found in soot and smoke, are known carcinogens that have been linked to mammary tumors in animals. Several studies have found associations between exposure to PAHs and breast cancer in humans. All of these issues are discussed in greater detail below.

 

 

Ionizing Radiation, Electromagnetic Fields, and Light at Night:
 

Ionizing radiation (the type found in X-rays, atomic bomb explosions, and other nuclear materials) is an established cause of breast cancer in humans. Survivors of the atomic bomb explosions in Japan have an increased risk of breast cancer, and women who have undergone medical treatments involving extensive radiation to the chest also have an increased risk (John and Kelsey 1993). The research on radiation has clearly established the importance of the timing of environmental exposures to a carcinogen. Radiation exposure after about age 40 has little detectable effect on breast cancer risk, whereas before age 20, the effect is highly significant, and up to a nine-fold increased risk has been reported in some studies (Tokunaga et al. 1987). This increased risk first becomes evident about 10-15 years after the exposure and persists throughout the individual’s lifetime (John and Kelsey 1993). It appears that the breast is most sensitive to radiation before the first pregnancy—a finding consistent with the theory that the final development of the milk ducts that occurs during pregnancy and lactation increases the resistance of the cells to cancer.

 

An electromagnetic field (EMF) is a form of non-ionizing radiation emitted by electric power generation, power lines, and some appliances. Because this type of radiation does not penetrate deep into the body, it was initially thought harmless. More recently, it has become controversial due to research linking EMF exposure with childhood leukemia. Some researchers have theorized that EMF acts like visible light by affecting the body’s daily fluctuations in the hormone melatonin. Melatonin is normally secreted by the pineal gland in the brain during the night. This hormone appears to modulate levels of estrogen and also appears to have anti-cancer effects. Some studies have reported up to a six-fold increased risk of male breast cancer in electricians, telephone linemen, and electric power workers, whereas other large, well-designed studies have failed to find any such association (Ahlbom et al. 2001). Because male breast cancer is such a rare disease, few studies have the statistical power to detect or confirm a small increased risk if such a risk exists. Studies looking at female breast cancer and occupational exposure to EMF are limited because of the lack of women in highly exposed populations. Investigations of household EMF and breast cancer risk have mostly been negative, but some have shown slightly elevated risks among younger women (Ahlbom et al. 2001). Several major studies on EMF and breast cancer are ongoing and should help to clarify this issue.

 

Because melatonin release occurs during the nighttime hours and is inhibited by light, research has begun to focus on women who are exposed to light at night (Poole 2002). Studies of nurses have found associations between a history of shift work and breast cancer (Schernhammer et al. 2001). The risk of breast cancer was reported to increase slightly but significantly with increasing frequency and duration of work in the middle of the night during the ten years prior to diagnosis. Regular work on the graveyard shift was associated with a 60% higher risk of breast cancer (Davis et al. 2001). Studies asking about light in the bedroom were less impressive, with only a slight increase in possible risk among those women with the brightest bedrooms (Schernhammer et al. 2001).

 

Organochlorine Pesticides, PCBs, and Dioxins:
Dozens of studies have looked for possible links between breast cancer and exposure to pesticides such as DDT and dieldrin, as well as for links with polychlorinated biphenyls (PCBs) and dioxins. DDT and dieldrin are pesticides that were banned in the late 1970’s in the U.S. and in many other countries. These chemicals accumulate in fatty tissues such as the breast, where they persist for decades. PCBs also accumulate in fat and are persistent. These chemicals were used as electrical insulators, fire retardants, and industrial lubricants for many years, but were banned around the same time as DDT. Dioxins, such as 2,3,7,8-tetrachlorodibenzodioxin, are byproducts of many industrial processes and incineration.

 

DDT, dieldrin, and some PCBs have been shown to mimic estrogen and can promote the growth of mammary tumor cells in laboratory dishes and in rats (Shekhar et al. 1997). Interestingly, the metabolic byproduct of DDT, known as DDE, is not estrogenic but rather is an anti-androgen (it blocks male hormones such as testosterone). Several small studies in the 1980’s reported higher levels of DDE in the breast fat of women with cancer. These findings spurred extensive research into links between breast cancer and residues of organochlorines in blood and breast fat. Most of the more recent and larger studies have found no association between levels of DDE or PCBs and breast cancer (Laden et al. 2001; Gammon et al. 2002). However, the literature thus reveals a perplexing patchwork of positive and negative studies without a clear explanation for the marked discrepancies in the results (Snedeker 2001). Researchers have proposed many possible reasons for the discordant findings. Some of the theories center around differences in the analytic methods used in the studies, whether women were exposed originally to estrogenic DDT itself from direct spraying, or only to DDE from food residues, or whether DDE is acting as a marker for a different, unknown, chemical that may be associated with breast cancer.

 

One California study indicated that racial differences may be important with regard to DDT. In this study, no association was found between DDE and breast cancer in white women, and an inverse association was seen in Asian women. Black women, in marked contrast, had higher levels of DDE in their bodies compared to the white women, and there was an association between DDE levels and breast cancer (Krieger et al. 1994). The racial differences persisted even when the researchers took into account a long list of factors including age, socioeconomic status, pregnancy history, place of birth, and others. Many studies have consistently found that black women have higher levels of DDE in their bodies compared with white women, but no other studies have been done to confirm the association between DDE and breast cancer in black women.

 

It is possible that some women are more genetically susceptible to organochlorine chemicals and may therefore be at risk of breast cancer after exposure, whereas others are not susceptible (Wolff and Weston 1997). Such a difference could explain the discordant results reported in various studies, but such susceptibility factors, if they exist, have not yet been identified. In addition, the timing of exposure may be critical with these chemicals just as it is with radiation. Studies measuring levels of organochlorines in middle-aged women probably do not accurately estimate the exposures to these women during childhood. One study avoided this problem by looking at stored blood samples taken between 1959 and 1967 from 262 women in California, about half of whom had developed breast cancer. At the time of the sampling, the average age of these women was 26 years. The study demonstrated a strong, statistically significant association between breast cancer and higher levels of DDT, but only among women who were exposed to DDT before age 15 years. In addition, the researchers found a negative association between breast cancer and levels of DDE, demonstrating both the importance of the timing of exposure and the major differences between DDT and DDE (Cohn et al. 2002).

 

The pesticide dieldrin, an unmeasured confounder in some of the PCB and DDE studies, might be the missing breast cancer link. Two Danish studies found significant associations between dieldrin and breast cancer risk, including more aggressive disease and poorer survival in women with higher dieldrin levels (Høyer et al. 1998; Høyer et al. 2000). These studies were well-designed and the results appeared to be robust. However, a large study of breast cancer on Long Island, NY failed to find any associations between dieldrin levels in blood and breast cancer risk (Gammon et al. 2002b). The overall situation regarding organochlorines and breast cancer risk is confusing. The results on DDE in black women, DDT exposure in early life, and the Danish studies on dieldrin clearly all need further investigation.

 

Dioxin is known to cause cancer in numerous different organs in both humans and animals. However, dioxin is also anti-estrogenic, causing some researchers to theorize that it is less likely to promote breast cancer. These opposing properties of dioxin may explain why some studies found an association between exposure to this chemical and breast cancer, whereas other studies found no association between exposure and risk. An initial study of women exposed to dioxins from an industrial accident in Seveso, Italy initially found no increased risk of breast cancer, but more recent follow-up studies of this cohort of women that included measured levels of dioxin body burdens reported a doubling in breast cancer risk starting to appear twenty years after the accident (Warner et al. 2002). Important research in the laboratory indicates that the timing of dioxin exposure may be critically important. Rats exposed to small amounts of dioxin prenatally and in infancy had altered development of the mammary glands in a manner that would tend to predispose to cancer development (Fenton et al. 2002). Over time, these abnormalities persisted and the rats were more likely to develop tumors as they aged (Brown et al. 1998).

 

Soot and Secondhand Smoke:
Chemicals found in soot and smoke are known to cause mammary gland tumors in laboratory animals. These chemicals are known as polycyclic aromatic hydrocarbons (PAHs) and aromatic amines. Most people are exposed to PAHs from cigarette smoke, diesel exhaust, air pollution, and to both PAHs and aromatic amines from residues on smoked, grilled or charbroiled meats. PAHs are powerful mutagens (they attach to DNA and cause damage to chromosomes), accumulate in breast tissue, and are used experimentally to induce mammary tumors in lab rats for research purposes. Several studies have found links between PAHs and breast cancer. Various studies have reported increased breast cancer risk of between 50% and five-fold with exposures to PAHs (Rundle et al. 2000; Gammon et al. 2002a). The research is confusing because the studies have found associations between measured levels of PAH-DNA adducts in these women and breast cancer risk, but failed to find significant associations between reported consumption of grilled or charbroiled meat and breast cancer, or between air pollution exposure and breast cancer. The PAH-DNA adducts are biological markers of genetic damage from PAHs. The researchers theorize that some women may be less able to deactivate and eliminate PAHs and may therefore have more of the dangerous adducts, whereas others exposed to PAHs may form fewer adducts and be less susceptible to cancer from these chemicals.

 

Studies specifically on exposure to cigarette smoke show an interesting paradox. Smokers are not usually reported to have an elevated risk of breast cancer, whereas secondhand smoke does appear to slightly increase the risk of breast cancer (O'Connell et al. 1987; Khuder and Simon 2000). There are several possible explanations for this counter-intuitive finding (Morris and Seifter 1992). Sidestream cigarette smoke contains up to ten times the concentration of toxic PAHs and benzene compared to the smoke drawn through the filter. Smoking also appears to be anti-estrogenic, since smokers often have early menopause and lower estrogen levels. Some toxins in cigarette smoke, such as cyanide, can also inactivate the cytochrome p450 enzymes that are responsible for activating PAHs into more dangerous forms. These factors could help explain why the breast cancer risk from second hand smoke equals or exceeds the risks from direct smoking. Numerous chemicals that are present in cigarette smoke cause mammary cancers in laboratory animals. One review reported eleven constituents of cigarette smoke that are known mammary gland carcinogens in animals. These chemicals include benzo[a]pyrene, dibenzo[a,l]pyrene, 2-toluidine, 4-aminobiphenyl, 2-amino-3-methylimidazoquinoline, 2-amino-1-methyl-6-phenylimidazopyridine, butadiene, isoprene, nitromethane, ethylene oxide, and benzene (Hecht 2002).

 

Genetic susceptibility may be at work in smokers also. A set of enzymes known as the N-acetyl transferase (NAT) enzymes, are partially responsible for the detoxification of hazardous agents such as the PAHs. Women with a particular genetic variant in the NAT enzyme system (“slow acetylators”) have a 70% increased risk of breast cancer if they smoke. In contrast, the opposite genetic variant, or “fast acetylators” have a doubling of breast cancer risk from exposure to second hand smoke (Chang-Claude et al. 2002). The timing of exposure may also be particularly important in the case of PAHs and other components of cigarette smoke. PAHs act somewhat like radiation in that they cause genetic mutations that may initiate cancerous changes in breast cells. It is likely that exposures early in life may be the most significant in predisposing to breast cancer development. The studies finding positive associations between cigarette smoking and breast cancer, in fact, were those that looked specifically at women who smoked during their teenage years (Wolff et al. 1997). Therefore it is possible that exposures to smoke, air pollution, diesel exhaust, and dietary PAHs in smoked, grilled, and charbroiled meats may be of particular concern in young girls and teens.

Alcohol and Solvents:
Organic solvents include alcohols; aromatic solvents such as benzene and toluene found in gasoline, glues, or paints; and chlorinated solvents such as the perchloroethylene used in dry cleaning, or trichloroethylene, which is a common drinking water contaminant. These chemicals are volatile so they are easily inhaled, and they are absorbed through the skin. They are attracted to fat, but do not persist for very long in the body. Measured levels of solvents in the blood, urine, or exhaled breath only reflect exposures during the past few hours or days. Because of their short-lived nature, it has been difficult to study links between solvent exposure and breast cancer.

 

Ethanol, the substance in alcoholic beverages, is considered to be a known breast carcinogen (Singletary and Gapstur 2001). Consumption of two or more glasses of wine per day has been shown to increase the risk of breast cancer by about 50% (Horn-Ross et al. 2002). Alcohol may increase breast cancer risk by increasing estrogen and androgen levels, or by various other mechanisms (Davis et al. 1997). In addition, alcoholism is often associated with dietary deficiencies that can increase susceptibility to carcinogens.

 

Several solvents are known to cause tumors of the mammary gland in laboratory rodents. These include benzene, 1,2-dibromoethane, 1,2-dichloroethane, methylene chloride, styrene, 1,2,3-trichloropropane, and vinyl chloride (Dunnick et al. 1995). A few occupational studies have reported increased breast cancer risk among women in solvent-exposed industries, although most workplace studies did not report an increased risk (Labreche and Goldberg 1997). The worker studies were not designed to study breast cancer, and most contained very few women and used broad occupational groupings as a proxy for exposure. Therefore the data on organic solvents and breast cancer require additional attention and further research.

 

In summary, breast cancer is a complex, multifactorial disease that is caused by the interaction of genetic and environmental factors. Because the disease is so common, and is on the rise, it is important to identify any contributing environmental factors so that we can decrease exposures and prevent disease. It is clear that some environmental factors, such as exposure to radiation and synthetic estrogens, can cause breast cancer. The extensive research into other possible causes has been confusing and conflicting, but has revealed numerous possible contributing factors. The confusing nature of the existing data calls for further research to attempt to sort out some of the key unanswered questions, and also calls for precautionary actions to prevent unnecessary exposures to avoidable factors that may be associated with breast cancer.
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abnormalities of the blood vessels due to atherosclerosisHeart disease can be caused by birth defects, abnormalities of the heart muscle (cardiomyopathies), the blood vessels supplying the heart, the heart valves, and the conduction system that transmits electrical impulses that regulate the heartbeat. Rarely, the heart can be the site of tumors. This summary paper focuses primarily on . Atherosclerotic heart disease is also called coronary heart disease or coronary artery disease.

Atherosclerosis results from the accumulation of fatty deposits (lipids), fibrous elements, and inflammatory cells in the inner layer of the walls of arteries. As these deposits (plaques) build up, the lumen of the blood vessel narrows, restricting the passage of blood. The surface of atherosclerotic plaques may erode or rupture, releasing substances that encourage platelets to adhere and a blood clot to form, causing blockage of the artery (Hansson 2005). 

When blood flow is sufficiently restricted, reduced oxygen supply to the heart muscle causes chest pain (angina). Muscle death or myocardial infarction occurs when the blood flow to a portion of the heart muscle is blocked for a sufficient period of time.

Epidemiology
Overall death rates from heart disease and stroke declined in the 1980s and 1990s, primarily due to modification of risk factors and improvement in medical care. (Fine 1992). Nevertheless, cardiovascular disease (CVD) remains the leading cause of death in the U.S. According to the American Heart Association and the National Center for Health Statistics of the Centers for Disease Control and Prevention, in 2002, heart disease accounted for approximately 38% of deaths in the US and was a primary or contributing cause in many more. Almost 17% of those deaths occurred among persons aged <65 years. (AHA 2005 , Kochanek 2004). 

Although mortality rates from heart disease have decreased, the decline has not been uniform for all populations (Cooper et al. 2000). According to the CDC, the proportion of premature deaths due to heart disease was greatest among American Indians/Alaskan Natives (36.0%) and blacks (31.5%) and lowest among whites (14.7%). Premature death was higher for Hispanics (23.5%) than non-Hispanics (16.5%), and for males (24.0%) than females (10.0%). (CDC 2005) The highest proportions of all deaths occurred among persons aged 55--64 years. Cardiac mortality rates across all age groups were highest among blacks and lowest among Asians and Pacific Islanders.

Several factors are likely to be determinants of these disparities. Differences by sex might be attributed in part to the cardioprotective effects of estrogen in pre-menopausal women (Mendelsohn and Karas 1999). Specific racial/ethnic variations probably reflect differences in demographics, including income and stress, access to medical care, and risk factors for heart disease, such as hypertension, high cholesterol, lack of exercise, overweight, smoking, and diabetes. A recent survey by the Centers for Disease Control and Prevention concluded that the prevalence of having two or more of these risk factors was highest among blacks (48.7%) and American Indians/Alaska Natives (46.7%) and lowest among Asians (25.9%). (CDC 2004) Environmental agents discussed in this paper are risk factors as well.

 

Causes of Cardiovascular Disease (CVD)
Risk Factors:
In addition to age, major risk factors for CVD include smoking, physical inactivity, diet, serum lipids/cholesterol, obesity, hypertension, gender, and family history (genetics). 

Other environmental factors can also play a role in cardiovascular disease. Air pollution, some synthetic chemicals, metals, and pharmaceuticals can cause or exacerbate preexisting cardiovascular disease. The following sections of this paper briefly summarize the medical literature addressing those environmental agents, with the exception of pharmaceuticals.


Environmental agents:
Metals, air pollutants and other environmental contaminants, synthetic chemicals, and the mineral content of drinking water can affect the heart by altering heart rate or rhythm, contractility and excitability of heart muscle, the conduction of electrical impulses, or by causing or accelerating atherosclerosis. Induction or enhancement of atheroma (plaque) formation involves cholesterol metabolism favoring fatty deposition beneath the surface of endothelial cells lining arterial walls, inflammation, injury to the endothelial cells, and/or thickening of smooth muscle cells in the wall of the arteries. (Ramos et al. 1994, Hansson 2005)

 

Metals
Arsenic:
Arsenic exists in several inorganic and organic forms with varying toxicity profiles. Exposure to inorganic arsenic occurs in the diet, the workplace (mining; smelting; manufacture of chemicals, pesticides, glass, pharmaceutical, electronics), through contaminated drinking water, or from living near facilities that emit arsenic into the environment. Wood preserved with chromated-copper-arsenate (CCA) used in playgrounds, decking, and for other construction purposes has also received considerable recent attention. Arsenic leaches from the wood and can get onto people’s hands and into the surrounding soil. Hand-to-mouth activity leads to ingestion.

Organic arsenic is present in seafood and is generally less toxic than inorganic forms. Large amounts of organic arsenic, Roxarsone, are also used in commercial poultry-raising operations to prevent and treat parasites and to stimulate growth. As a consequence, chicken consumption has become a significant source of arsenic exposure in the general population. (Lasky et al. 2004) People who consume chicken regularly are exposed to arsenic from that source alone at levels that supply a substantial fraction of the tolerable daily intake. (The World Health Organization tolerable daily intake is 2 microgm/kg/day inorganic As) Approximately 65% of the arsenic in chicken meat is in the inorganic form. Moreover, the manure of chickens treated with arsenic is spread on the ground where organic arsenic is converted into the inorganic form and leaches into ground and surface waters. (Brown 2003)

Drinking water arsenic from geological sources varies considerably from place to place. High levels of arsenic in drinking water cause thickening of the walls of arteries and are associated with Blackfoot disease in Taiwan due to progressive narrowing of peripheral vessels. (Tseng 1977) Drinking water levels of arsenic in this area of Taiwan generally range from 170 to 800 ppb, though some are higher. Progressively higher levels of arsenic in drinking water are associated with increased risk of vascular disease.

The coronary arteries are also thickened and mortality from cardiovascular disease is elevated in arsenic-exposed populations in Taiwan. (Tseng et al. 2003) High levels of arsenic exposure were also associated with thickening of the arteries in the hearts of children who died from arsenic poisoning in Northern Chile. (Rosenberg 1974)

The threshold exposure at which cardiovascular effects of arsenic exposure begins to appear and the extent to which arsenic contributes to cardiovascular disease in the general population are unclear. One survey of 1185 people with well water contaminated with arsenic from 0-2389 ppb (median 2 ppb) self-reported significantly more depression, hypertension, circulatory problems, and cardiac bypass surgery when water levels of As were between 2-10 ppb compared to < 2 ppb. (Zierold et al. 2004).

Other health effects, including skin lesions and increased skin, lung, and bladder cancer risks, begin to appear at drinking water levels as low as 10 ppb. (Yoshida et al. 2004) The US EPA has established a maximum contaminant level of drinking water at 10 ppb, though a number of areas in the US have naturally occurring groundwater levels of arsenic that are higher than 10 ppb.

Lead:
Cumulative low-level lead exposures are associated with elevated blood pressure and thereby may increase the risk of atherosclerotic cardiovascular disease. (Cheng et al. 2001).

Mercury:
Recent information identifies mercury exposure as a risk factor for the development of cardiovascular disease. An ongoing study of over 1800 men in Finland has reported an association between mercury exposures and risk of myocardial infarction and death. In their first report in 1995, after 7 years of follow up, men with hair mercury levels exceeding 2 ppm had a 2-fold higher risk of myocardial infarction than those men with the lowest hair mercury levels, after adjusting for age and other risk factors. (Salonen et al. 1995) The men in the highest mercury exposure group also had a 2.9-fold increased risk of cardiovascular death compared with those with lower hair mercury content. A recent update of the Finnish study, after an average 14 year follow up, finds that higher hair mercury levels were associated with 60% increased risk of acute myocardial infarction and 38% increased risk of death from any cause over an average 14 year period of follow up. (Virtanen et al. 2005)

A 2002 study of 684 European and Israeli men with first diagnosis of myocardial infarction reported that the mercury content of their toenails (used as an integrated measure of mercury exposure over time) was significantly higher than the mercury levels in a matched control population. (Guallar et al. 2002) The investigators also measured levels of docosahexaenoic acid (DHA), a fatty acid present in fish, and thought to be protective against developing heart disease. They found that the men with heart attacks had lower levels of this protective fatty acid than the controls. In men with similar levels of the fatty acid, however, mercury levels were higher in cases than in controls, suggesting that mercury had an independent adverse impact. The investigators concluded that high mercury levels may diminish the protective effects of fish consumption.

Another study reported at the same time, however, did not find a correlation between mercury levels in toenails and subsequent risk of myocardial infarction, after controlling for age, smoking, and other risk factors. (Yoshizawa et al. 2002) 

Proposed mechanisms for adverse effects of mercury on the heart include damage to lipids in the blood or in cellular membranes (lipid peroxidation) and damage to the autonomic nervous system that controls heart rate and heart rate variability. 

Several factors are likely to be at play in determining cardiovascular risk from mercury. The beneficial fatty acids in fish have heart protective effects, but sufficient mercury exposure is likely to ultimately outweigh those beneficial effects. Dietary selenium is yet a third variable, inasmuch as selenium appears to mitigate the toxic impacts of mercury to some degree. (Cuvin-Aralar and Furness 1991) Consequently, studies investigating the impacts of mercury on the heart will need to consider each of these variables, as well as others such as smoking, blood pressure, and age. 

Most environmental mercury comes from human activities (coal burning power plants, medical and municipal waste incinerators, etc), though naturally occurring volcanoes, fires, and rock weathering also contribute. Inorganic mercury is converted to the organic form, methylmercury, by bacteria in the sediments of water bodies. In turn, the organic mercury bioconcentrates as it moves up through the food web, concentrating at significant levels in predatory fish. The primary source of organic mercury exposure is fish consumption, and for people who eat fish, the kind and amount of fish they eat determines tissue mercury levels. 

Some fish, particularly larger predatory fish like shark, swordfish, large tuna, king mackerel, and tilefish are contaminated with significant amounts of mercury. (FDA) Some freshwater species are also heavily contaminated with mercury in many states and advisories warn people to limit their intake or altogether avoid those species.

Dental amalgam tooth fillings and occupational sources can also add significantly to total mercury exposures. (Lindberg et al. 2004)

Cadmium:
Blood cadmium levels are positively associated with development of atherosclerotic peripheral artery disease. (Navas-Acien et al. 2004, Houtman 1993) Like lead, cadmium may also contribute to development of hypertension at relatively low levels of exposure. Diet is the major source of cadmium for most people, though smokers have substantially higher cadmium intake from that source, and some occupations result in cadmium exposures. (metal smelting; electroplating; battery, pigment, and plastics manufacturing)

Cobalt: 

In the 1960’s in Quebec a group of people who were heavy beer drinkers developed cardiomyopathy that was ultimately linked to excessive cobalt exposure. Cobalt had been added to the beer as a foam stabilizer, now a discontinued practice. Heart disease from cobalt is unlikely to be an issue in the general population.

Air Pollution
Air pollution is a mixture of contaminants, including small particles (particulates), ozone, carbon monoxide, nitrous oxides, sulfur oxides, heavy metals like lead and mercury, polycyclic aromatic hydrocarbons, and toxic chemicals. Considerable data have accumulated indicating conclusively that air pollution contributes to cardiovascular disease, including mortality.

Particulate air pollution (PM):
The strongest and most consistent link between air pollution exposure and cardiovascular morbidity and mortality is for particulate matter.  Particulate matter (PM) is a mixture of solid particles and liquid droplets that vary in size and origin. Sources include vehicle emissions, road dust, tire fragmentation, power generation and other industrial combustion sources, agriculture, construction, wood burning, pollen, fires, and volcanoes. Environmental tobacco smoke is an important indoor source of particulates. Soil, road dust, and construction debris create larger particles; fossil fuel combustion in motor vehicles and from power generation produces fine and ultrafine particles.

Particulates are chemically and physically diverse. Fine particles, less than 10 micrometers in diameter (PM 10), are more easily inhaled deeply into the lungs than larger particles. These fine particles are often sub-classified into coarse (between 2.5-10 microns), fine (less than 2.5 micrometers, PM 2.5), and ultrafine (less than 0.1 micrometer) sizes because of differing health effects and sources. Ultrafine particles are deposited in alveoli and are able to enter the systemic circulation. Smaller particles contain complex mixtures of many different chemicals, including carbon, sulfates, nitrates, ammonium compounds (an important source is fertilizer used on farms), metals, and a wide variety of organic chemical compounds emitted from large and small industrial operations.

A large number of short term and long term epidemiologic studies consistently show that exposure to particulate air pollution is associated with increased risk of premature death from cardiopulmonary disease. (Brook et al. 2004) In the Harvard Six-Cities study, investigators followed over 8000 participants from six cities with varying levels of air pollution for 14-16 years and reported a significant 26% increase in mortality from all causes in the most heavily polluted city when compared to the least polluted. (Dockery et al. 1993) Cardiopulmonary deaths accounted for most of the increase. After adjusting for individual risk factors including smoking, gender, body mass index, education, occupation, hypertension, and diabetes, the relationship between air pollution and mortality remained. Among the air pollutants, elevations of PM 2.5 and sulfates showed the strongest association.

Similarly, an American Cancer Society study followed over 500,000 individuals from all 50 states over 16 years and reported a 6% increase in cardiopulmonary deaths for every 10 micrograms/m3 elevation in annual average PM 2.5.  The relationship between PM 2.5 and adverse health effects was linear and showed no evidence of a “safe” threshold. Further analysis of the data showed a 12% increased risk of cardiovascular mortality for a 10-microgm/m3 increase in PM 2.5, and the largest single increase in risk was for atherosclerotic heart disease. (Pope et al. 2004) Risks for arrhythmia and heart failure were also increased.

Another study in the Netherlands followed 5000 adults for up to 8 years and concluded that exposure to traffic-related air pollutants was more highly related to mortality than were city-wide background levels of air pollution. Risk of cardiopulmonary death was almost doubled in people living near a major road when compared to those living at some distance. (Hoek et al. 2002)

Other studies of millions of people in many different cities in Europe and in the US have examined short-term effects of air pollution. They also show a similar relationship between risk of cardiopulmonary death and particulate air pollution. (Samet et al. 2000, Katsouyanni et al. 2001; Health Effects Institute) In the European study, daily cardiovascular deaths were increased 0.6% for every 10 microgm/m3 increase in PM 2.5. In the US study, the corresponding increase was 0.31%. Analyses of these and other data, looking at longer lag times between air pollution levels and risk of cardiac death, indicate that the observed relationships are not simply a matter of accelerating the death of people who were already close to their time of death. Mechanistic investigations suggest that particulate air pollution can have short and long-term effects, promoting the development of cardiovascular disease as well as initiating an acute cardiac event. (Brook et al. 2004)

Particulate air pollution is complex and is likely to cause cardiovascular impacts through a variety of mechanisms. (Brook et al. 2004) An inflammatory response in the lungs and even systemically through release of a variety of substances triggered by PM exposure is an important contributor. Some studies show that blood factors that promote blood clotting, including fibrinogen levels and platelet aggregation, are increased. Blood viscosity increases with PM exposure. Heart rate variability decreases, which is associated with an increased risk of subsequent arrhythmias or other cardiac events. Each of these factors may contribute to an increased risk of cardiovascular disease.

Carbon monoxide:
Carbon monoxide (CO) is another air pollutant that can have adverse cardiovascular impacts. Carbon monoxide avidly binds to hemoglobin, interfering with oxygen delivery to tissues causing hypoxic stress. CO also causes direct damage to the lining of arteries in animals at exposure levels of 180 ppm, a concentration to which people may be exposed from environmental sources (air pollution, cigarette smoke, exhaust from vehicles), particularly in enclosed spaces. (Ramos et al. 1996) Carbon monoxide is often mixed with other pollutants making it difficult to sort out those changes that are due to CO alone.

Studies are inconclusive with respect to whether or not there is an increased mortality from coronary artery disease among workers exposed to CO. A study of bridge and tunnel workers suggests an increased risk at levels above 50 ppm. (Stern, 1988) CO levels of 35 ppm can reduce exercise tolerance and the threshold for angina in people with coronary artery disease.

Ambient urban CO levels (<9-ppm/8 hr average) have been associated with angina, cardiac arrhythmia, and cardiac arrest. (Allred et al. 1991, Peters et al. 2000, Schwartz 1999, Leaf and Kleinman 1996, Balzan et al. 1994). However, these reports should be interpreted with caution for several reasons. General ambient measurements may not accurately reflect individual CO exposure levels. The effects may actually be result of exposure to a mixture of air pollutants since CO and particulate air pollution are somewhat correlated. Finally, low-level CO effects are more likely to occur in individuals with significant pre-existing cardiovascular disease. 

Air pollution and public policy:
Although exposure to ambient air pollution poses smaller individual risks for cardiovascular disease than diabetes or smoking, the absolute number of people affected is enormous because it is ubiquitous and exposure occurs over a lifetime. Pope has estimated an average loss of life expectancy directly related to chronic air pollution exposure from between 1.8 and 3.1 years for those living in the most polluted cities in the United States. (Pope 2000) A recent report estimates that the health impacts in the US from particulate air pollution attributable just to diesel exhaust from cars, trucks, and construction equipment includes 21,000 premature deaths, 3,000 lung cancer deaths, 15,000 hospital admissions. 15,000 emergency visits for asthma, 27,000 non-fatal myocardial infarctions, 410,000 asthma attacks, 12,000 cases of chronic bronchitis, and 2,400,000 work loss days. (CAFT 2005)

In 1997, the US EPA promulgated 24-hour and annual average standards for PM 2.5. The existing federal PM10 standards were retained, however, to address health effects that could be related to the "coarse fraction". Currently, a separate PM10-2.5 standard is under consideration. 

Current US EPA National Ambient Air Quality Standards for PM (1997 NAAQS):
	Time Period 

	PM 10, µg/m3
	PM 2.5, µg/m3

	Annual

	50

	15


	Daily

	150

	65


	
	The annual standard is satisfied when the 3-year average of the mean PM levels measured in a community is less than or equal to the indicated number. The daily standard is met when the 3-year average of the 98th or 99th percentile of 24-hour PM levels in each community is less than or equal to the indicated number.



	


Current EPA estimates suggest that attainment of these standards would reduce total mortality by 23,000 deaths annually and cardiovascular hospital admissions by 42,000 per year in the United States. Nevertheless, 19% of all US counties with air-quality monitoring systems are presently not meeting these standards. This percentage is substantially greater in regions such as the industrial Midwest (41%) and southern California (60%).

Data also show that improved air quality results in decreased cardiovascular mortality, and the “real” effects of air pollution on cardiovascular health may be even stronger than the estimates described above. A ban on coal sales in Dublin, Ireland resulted in a 36 microgrm/m3 (70%) reduction in PM. Death rates for respiratory and cardiovascular deaths over the 6-year period after the ban declined by 15.5% and 10.3%, respectively, as compared to the 6-year period before the ban. (Clancy, 2002) This decrease in mortality is more than twice what would be predicted by the short-term analyses (Brook et al. 2004).

 

Drinking Water: Mineral Content (hard vs. soft water)
A number of studies in various countries have reported an inverse correlation between the hardness of drinking water and risk of coronary artery disease—the harder the water, the lower the risk (reviewed in Sauvant and Pepin 2002). Water hardness is determined by calcium and magnesium content. Most studies show that, of the two minerals, magnesium is likely to be the most heart protective, and some studies suggest that the magnesium/calcium ratio is most important. A high ratio appears to be more protective than a low one. The general consistency of these findings in a number of studies suggests that the mineral content of drinking water is a risk factor for heart disease. However, its relative importance, compared to other risk factors like smoking, overweight, diet, and high blood pressure, is unclear.

 

Industrial chemicals
Solvents:
A large number of industrial solvents can cause cardiac arrhythmias. (Fine 1992, Ramos et al. 1996). However, the doses required to have that effect are usually large, such as might occur in a poorly designed or ventilated workplace where industrial solvents are used. Benzene, chloroform, heptane, toluene, trichloroethylene, and fluorocarbons are among the many solvents that can cause cardiac arrhythmias (Fine 1992). 

1,1,1 trichloroethane can also depress cardiac muscle contractility at high doses (Herd et al. 1974). Methylene chloride, a solvent that is sometimes present in paint and varnish strippers, is metabolized to carbon monoxide and thereby interferes with oxygen delivery to the heart and other tissues by strongly binding to hemoglobin. Ethanol (the alcohol in alcoholic beverages), particularly in chronically large amounts, can also cause cardiomyopathy and increase the risk of atrial and ventricular fibrillation (Klatsky 2002, Fine 1992).

 

Nitroglycerin and other nitrates
Workers exposed to nitroglycerine, ethylene glycol dinitrate, and other nitrates used in the manufacture of explosives are at risk of angina, myocardial infarction, and sudden death after prolonged exposure followed by withdrawal from exposure (Hogstedt and Andersson 1977). Although nitroglycerin is used therapeutically to dilate coronary arteries during an episode of angina, in workers exposed to higher levels over longer periods of time, coronary artery spasm is thought to occur after withdrawal from exposure. 

Carbon disulphide:
Carbon disulphide is a gas used in the manufacture of rayon and soil disinfectants. Exposure to this gas in laboratory animals and people causes the development of atherosclerotic cardiovascular disease (Tolonen 1975, Sweetnam et al. 1987). Workers exposed to carbon disulphide are at substantially increased risk of developing coronary artery disease. The mechanism of toxicity is not well understood, but may involved direct injury to the cells (endothelial) lining the coronary arteries, leading to plaque formation.

Summary
Risk factors for development of cardiovascular disease are numerous. Historically, diet, exercise, smoking, serum cholesterol, high blood pressure, diabetes, obesity, age, and family history have received most attention. Modifying those variables where possible has had beneficial effects on reducing the incidence of cardiovascular disease in the general population. However, other environmental factors that have not received much attention in the past also influence cardiovascular disease and mortality risks. Some, like air pollution or drinking water hardness affect large populations of people throughout the world and are of significant public health concern. Others like mercury, arsenic, and lead increase cardiovascular risks, but their relative contribution to heart disease in the general population is uncertain. Significant exposures to certain industrial chemicals affect smaller subpopulations though they may be highly relevant in certain circumstances. Attention to these environmental risk factors through health-protective public policies, workplace modifications, and individual behavioral changes is likely to decrease the substantial public health burden of cardiovascular disease.



Endometriosis: What We Know

Endometriosis is a puzzling and sometimes debilitating disease that affects millions of women around the world. Women suffering from endometriosis experience a variety of symptoms, with lower abdominal pain being most common. Pain can be especially intense before and during menstrual periods. Some women experience pain throughout the menstrual cycle; some during sex. The disease forces more than 100,000 hysterectomies each year in the United States alone, and the costs of the disease exceed $1 billion annually.

Endometriosis develops when endometrial-like tissue starts growing in places where it shouldn’t be, away from the lining of the uterus, often in the abdominal cavity or pelvic region, but sometimes in lungs or arms, and elsewhere. These tissue growths respond to hormonal signals in the menstrual cycle in the same way that uterine lining does, building up and breaking down each month. But while the uterine lining can be flushed out of the body during menstruation, the tissue remains of endometrial growths have no place to go. Internal bleeding, inflammation and other problems result. 

While these facts about endometriosis are clear, the causes of the disease are much more obscure and debated. There are four key parts to the puzzle. 

· First, how does endometrial tissue wind up in inappropriate locations? One suggestion is that endometrial cells are transported by reverse flow off blood during menstruation into the abdominal cavity, or through the blood stream and lymphatic system to more remote sites. Another is that cells in the remote locations are transformed from their original condition into endometrial cells. These explanations are not mutually exclusive. 

· Second, why doesn’t the immune system prevent endometrial tissue from becoming established and growing? Recent research has revealed that women with endometriosis are also likely to experience an array of immune system problems, suggesting that immune system dysfunction may be the proximal cause of endometriosis. The challenge then is to understand what has happened to the endometriosis victim's immune system. 

· Third, what would lead some women to develop severe endometriosis, while others none at all? There appears to be some heriditary component to the risk of endometriosis, possibly involving multiple genes, but environmental factors are also implicated. The most telling evidence on environment comes from animal studies in which dioxin increases the risk of endometriosis in Rhesus monkeys, and also increases the likelihood that endometrial implants will thrive in rodents. Monkeys exposed to radiation also are more likely to develop endometriosis. 

· And fourth, what are the patterns of the disease over time? It is widely believed that endometriosis is more common now than mid-20th century, and data also suggest that more cases are now developing earlier in life than before and becoming more severe. 

While we still lack scientific certainty about the causes of endometriosis, exposures to environmental factors that undermine the immune system are emerging as one of the most likely causative agents. Both dioxin (and other dioxin-like compounds) and radiation harm immune system action, in monkeys as well as in people. Widespread exposures to dioxins increased during the 20th century, as most likely did endometriosis. Other contaminants also are toxic to the immune system including a variety of pesticides and industrial compounds.

This combination of experimental data from animals and circumstantial evidence from people suggests that preventative steps to reduce exposures could assist in the fight against endometriosis.

Endometriosis
Ted Schettler, MD, MPH
Science Director, Science and Environmental Health Network
26 April 2003 

Definition
Endometriosis is a disease in which tissue similar to the inner lining of the uterus, called the endometrium, is present in locations in the body outside of the uterus. The misplaced tissue may be on the ovaries, the surface of the uterus, fallopian tubes, intestines, bladder, bowel, or peritoneum (the thin lining of the abdominal cavity). Occasionally endometrium is present in even more distant sites outside of the abdomen, like, for example, the lung or a limb. Endometriosis is a dynamic disease with periods of development, progression, and even regression. 

Women with endometriosis may experience a variety of symptoms, though endometriosis can also be asymptomatic. Lower abdominal pain is most common, and pain can be particularly intense before and during menstrual periods, as well as during ovulation. Some women have pain throughout the menstrual cycle. Infertility, pain with intercourse, fatigue, allergic diseases, and bowel and bladder problems are also common with endometriosis (Olive and Schwartz 1993).

Epidemiology of Endometriosis
Because endometriosis is difficult to diagnose with certainty without surgery, the prevalence of the disease in the general population is uncertain. Sometimes the diagnosis becomes apparent during surgery that is being done because of abdominal pain or for some other unrelated purpose. Sometimes the diagnosis is suspected and laparoscopy, through a “belly button” incision, is done to further investigate. The diagnosis of endometriosis is often delayed or missed because of myths and taboos surrounding menstruation and sex. Many women and girls are told that their pain is imagined or normal (Ballweg 1998). 

Estimates of the prevalence of endometriosis range from 2-4% of all women and girls to 10-15% of all women in their reproductive years (Eskenazi and Warner 1997). Endometriosis is present in as many as 30-50% of women with infertility and 69% of teenagers with chronic pelvic pain not responsive to anti-inflammatory medication or birth control pills (Cramer and Missmer 2002; Laufer et al 1997). An early age of onset of menstruation and shorter menstrual cycles appear to slightly increase the risk of developing endometriosis.

It has been suggested that endometriosis is more common now than it once was, but this trend is difficult to confirm because of inconsistent record keeping and new technologies that permit more accurate diagnosis. 

Causes
The cause of endometriosis is still unknown. It is generally accepted, however, that endometriosis is the result of a complex series of events that may link genetic susceptibility with environmental factors. The immune and endocrine (hormone) systems are directly involved in the development of endometriosis (Oral and Arici 1997). When the lining of the uterus, the endometrium, is shed during normal menstruation, most of the bloody tissue is discharged through the cervix into the vagina. Several theories attempt to explain the development of endometriosis. 

One step that many researchers believe necessary for endometriosis to develop is some degree of backward, or retrograde, flow of endometrial tissue up the Fallopian tubes and into the abdominal cavity. However, since more than 90% of women experience retrograde menstruation, other factors are almost certain to play a role as well Moreover, retrograde menstruation does not explain the presence of endometriosis in parts of the body outside of the abdomen.

Another theory holds that endometriosis develops through the transformation of cells lining the peritoneal cavity (coelomic metaplasia). This theory is based on the observation that endometrial and peritoneal cells come from the same precursor cells during fetal development. Yet another theory suggests that endometrium from the uterus is spread through the blood vessels, lymphatics, or during surgery to abnormal locations. 

Regardless of which theory is correct, additional steps that ensure the survival of endometrial tissue outside of the uterus are also necessary. The degree to which endometrium misplaced outside of the uterus becomes established depends on several factors, including preparation of the implantation site. Studies show that displaced endometrial tissue secretes enzymes and various growth factors that aid its survival and promote implantation. Hormones, especially estrogen, aid this process. Enzyme, growth factor, and hormone levels are under both genetic and environmental control.

Survival of misplaced endometrial tissue also appears to depend on failure of the immune system to scavenge or “clean up” endometrial implants (Lebovic et al 2001; Sidell et al 2002). In some women endometrial cells have a prolonged survival when they occur in abnormal locations (Meresman et al 2000). Immune system malfunction is also the result of genetic and environmental factors (Osteen and Sierra-Rivera 1997), and may help explain why women with endometriosis are at increased risk of cancer of the ovary, breast, melanoma and non-Hodgkins lymphoma (Brinton et al 1997; Hornstein et al 1997). In fact, many researchers see similarities between the growth of misplaced endometrial tissue and the growth of cancer cells. Although endometriosis is not itself considered a form of cancer, some of the features that allow misplaced endometrium to grow and develop resemble those of cancer. Women with endometriosis also have an increased likelihood of having other conditions involving immune system malfunction, including allergies, eczema, and food sensitivities (Lamb and Nichols 1986; Nichols et al 1987; Sinaii et al in press). 

Various studies have attempted to identify risk factors for endometriosis, but their results are often conflicting, perhaps because of limitations of study design. In general, the risk of endometriosis appears to increase with shorter cycle length, longer duration of menstrual flow, and reduced number of pregnancies. Some studies suggest a decreased risk with heavy smoking and increased exercise, each of which is associated with decreased estrogen levels. 

In summary, endometriosis develops when endometrial-like tissue successfully implants and grows outside of the uterus. The process apparently results from a mixture of mechanical, hormonal, and immune system factors under the control of genetic and environmental influences. 

Genetic Factors
The tendency to develop endometriosis appears to be influenced to some degree by genetic factors. Studies suggest that several different genes, each playing some role, are likely to be involved (Simpson et al 1980). Close relatives to someone with endometriosis have about a 5-8% increased risk of developing the condition when compared to the general population (Simpson and Bischoff 2000). An identical twin has an even larger risk. 

Environmental Factors (Zeyneloglu et al 1997; Foster and Agarwal 2002)

Dioxins and polychlorinated biphenyls (PCBs):
Dioxins and furans are unintended by-products of waste combustion and other industrial processes. Municipal and medical waste incinerators, secondary copper smelters, cement kilns, polyvinyl chloride manufacture, and pulp and paper bleaching are among the leading sources of these and related chemical compounds. PCBs were intentionally produced in the US and around the world for decades for use in electrical equipment, paints, and lubricants. Although PCB manufacture was banned in the US in 1977, most of the PCBs ever produced are still present not only in older electrical equipment, but also in soil, sediments, and landfills. Dioxins, furans, and PCBs persist for years in the environment. They are also fat-soluble and their concentrations increase as they move up the food chain. Meat, dairy products, processed food, and fish contaminated with dioxin, furans, and PCBs are the principal sources of human exposure. 

Dioxins, furans, and dioxin-like PCBs have a wide range of health effects in laboratory animals and humans, often at extremely low levels of exposure. These chemicals alter the levels and function of many different hormones, enzymes, and growth factors (Birnbaum 1994). Prenatal exposures at very low levels are particularly toxic to the developing immune, reproductive, and hormone systems (Birnbaum and Cummings 2002). 

The role of dioxins, furans, and dioxin-like polychlorinated biphenyls (PCBs) in the development of endometriosis has received considerable attention ever since a report of a high incidence of the disease in a colony of Rhesus monkeys that had been fed a diet containing small amounts (5 and 25 parts per trillion) of dioxin (Rier et al 1993). Examination of the monkeys ten years after dioxin exposure was discontinued showed that 70% of the animals receiving the low dose and more than 80% of the high dose animals had endometriosis, compared to 33% of control animals that had not been fed dioxin. The severity of endometriosis was also directly related to the degree of dioxin exposure. A follow-up study of these animals thirteen years after termination of dioxin exposure showed that endometriosis was more severe in those animals with higher exposure to dioxin-like PCBs as well (Rier et al 2001) . Though the animals were not purposely fed PCBs, the most likely source of their exposure was from contaminated feed, similar to the source for humans. The authors note that these impacts in monkeys may be relevant to humans, since the blood levels of dioxins and PCBs in the animals are similar to those in the blood and tissues of humans. 

These findings triggered additional animal studies. In another species of monkey, dioxin increased the survival and growth of endometrium that was surgically implanted into the abdominal cavity (Yang et al 2000). Similarly, researchers studied the impact of dioxin exposure on the survival and growth of endometrial implants in rodents (Cummings et al 1996). Treatment with a low dose of dioxin before surgery, at the time of surgery, and several weeks following surgery caused an increase in the size and survival of the endometrial implants in the animals. These studies have been repeated with variations in the experimental protocol, showing that the impact of dioxin depends on the timing of exposure, the size of the dose, and other hormonal factors (Birnbaum and Cummings 2002). 

This evidence in two species of monkeys and in rats and mice supports a relationship between exposure to dioxin or dioxin-like compounds and endometriosis. The evidence from human studies is somewhat limited and less clear. 

One study in Israel reported a much higher proportion of women with surgically confirmed endometriosis to have detectable dioxin in their blood than women without endometriosis (Mayani et al 1997). In another study, researchers found no relationship between total PCBs and endometriosis (Lebel et al 1998). This second study is of limited value since all PCBs were measured rather than just dioxin-like PCBs or dioxin. All animal studies indicate that it is the dioxin-like qualities that seem to be related to endometriosis for this group of compounds, and only some, but not all, PCBs have dioxin-like toxicity. In Seveso Italy, a group of women exposed to the highest levels of the most toxic form of dioxin released in an industrial accident in the 1970s have recently been reported to have a doubled risk for endometriosis, but the increase was not statistically significant (Eskenazi et al 2002). This study is limited by a small number of cases of endometriosis.

Other environmental chemicals:
Since estrogen appears to be necessary for the growth and development of endometriosis, researchers have studied the impact in laboratory animals of other chemicals that have estrogen-like characteristics. Methoxychlor, a pesticide widely used in the US, including on the food supply, is weakly estrogenic and aids the growth of surgically-produced endometriosis in rodents (Cummings and Metcalf 1995). Another industrial compound, chlorodiphenyl ether, has a similar effect (Foster et al 1997). 

These observations raise questions about the role of other commonly encountered industrial chemicals with estrogenic properties in the development or severity of endometriosis. Although most of these chemicals are weakly estrogenic when compared to naturally occurring estrogen, combined they may have a significant impact, particularly in susceptible individuals. Commonly encountered weakly estrogenic chemicals include bisphenol A (used in polycarbonate plastics, food and drink containers, dental sealants, glues and resins), some alkylphenols (used in detergents and some plastics), some pesticides (e.g. endosulfan as well as methoxychlor, used on the food supply), some phthalates (used in cosmetics, food containers, food wraps, and many other consumer products), among others. 

Radiation:
In the 1970s, because of an interest in the potential health effects of radiation on astronauts during space travel, the US government sponsored a study in which a colony of Rhesus monkeys was exposed to radiation of various kinds. Although the doses of radiation used were considerably higher than those experienced by the general public, including the exposure experienced during airplane travel, the risk of developing endometriosis was dramatically increased in the irradiated animals when compared to controls (Fanton and Golden 1991). The increases in endometriosis were pronounced, even in the lowest dose groups, and no threshold value has ever been established. The authors of the study concluded that “women receiving whole-body, or in particular, abdominal, exposure to penetrating doses of protons or X-rays should possibly be considered to be at higher risk of developing endometriosis than unexposed women.” 

One possible explanation for this effect of radiation is interference with normal immune system function. Normally, various components of the immune system are responsible for removing misplaced tissue cells that are growing inappropriately. Radiation can interfere with that process, by altering the expression of genes and allowing these cells to continue to grow (Palumbo et al 2001). This immune system impact may also help explain the increased risk of some cancers in women with endometriosis. 

Summary
Endometriosis is a disease in which tissue similar to the lining of the uterus, the endometrium, implants and grows outside of the uterus, often in the abdominal cavity, frequently causing pain, infertility, pain with sex, and bowel or bladder problems. Endometriosis requires involvement of hormones and immune system malfunction in order to develop, and is associated with increased risk of other immune system disorders and certain cancers. Although genetic factors may contribute to the risk of endometriosis in some women, human and animal studies indicate a potentially important role for environmental factors as well, including exposure to dioxins, furans, PCBs, chemicals that mimic estrogen, and radiation. It is important to consider that combinations of chemical and radiation exposures may add up to increase the risk more than would be expected from any one alone. 

Learning Disabilities, Behavioral/Emotional Disorders, and Other Brain Disorders : What We Know

There are many ways that something can go awry in the brain, which can impair our ability to learn, think, move, feel, perceive and/or behave appropriately.

A learning disability is a neurological condition that interferes with a person’s ability to store, process, or produce information. There are many types of learning disabilities. For example, dyslexia (a language-based disability), dyscalculia (a mathematical disability), and dysgraphia (a writing disability) are common learning disabilities. 

Learning disabilities affect 5-10% of children in U.S. public schools. People with learning disabilities may have a more difficult time keeping a job or progressing in school. 

Learning problems that result from mental retardation, emotional disturbance, or visual/hearing impairments are not considered learning disabilities. 

	The brain starts developing early in embryonic life and continues developing into adolescence. 

Time-lapse images of the brain shong how it matures between ages 5 and 20 and the different amounts of grey matter (blues and purples mean less grey matter, red indicates more grey matter). From Gogtay et al. 2004. Animated version (.mpeg)
The developing brain is extraordinarily sensitive to environmental agents—exposure levels that have no lasting effect on an adult’s brain can have dramatic effects on the developing brain before birth or during childhood.


 

Behavioral/Emotional disorders are characterized by: 

· an inability to learn which cannot be explained by intellectual, sensory or health factors 

· an inability to build satisfactory relationship with peers and teachers 

· inappropriate types of behavior or feelings under normal circumstances 

· a general pervasive mood or unhappiness or depression, or 

· a tendency to develop physical symptoms or fear associated with personal or school problems 

Autism involves life-long difficulties in communication, social interaction, and restrictive or repetitive interests and behaviors. Children with autism or related disorders may not interact and may avoid eye contact. 

About 2 out of every 1,000 children have autism—an estimate much higher than a generation ago. Autism appears to be increasing, although it is not known how much of the increase might be due to better reporting or changes in diagnosis. Autism is much more common amongst boys than girls.

 

Attention disorders such as attention deficit hyperactivity disorder (ADHD) are the most commonly diagnosed behavioral disorders in children, affecting 3-6% of children. Children with ADHD have “a persistent pattern of inattention and/or hyperactivity-impulsivity that is more frequent and severe than is typically observed in individuals at a comparable level of development.” 

ADHD and learning disabilities often occur together. ADHD is much more common in boys than girls, with lower-income boys are at especially high risk . Some studies have demonstrated increases in substance abuse, risk-taking, and criminal behaviors among adolescents and adults with ADHD. 

Schizophrenia is a serious emotional disorder affecting between 0.5% and 1% of people. Hallucinations and delusions, disorganized speech, or catatonic behavior are common symptoms, which frequently manifest in young adulthood. The symptoms may also occur in younger children. There are a number of subtypes of schizophrenia. 

Cerebral palsy, epilepsy, Creutzfeldt-Jakob Disease (CJD), and degenerative illnesses such as Parkinson’s disease and Alzheimer’s are other conditions where something in the brain has gone awry. 

What Causes Learning Disabilities, Emotional/Behavioral Disorders, and Other Brain Disorders? 
Genetics, environmental, and social factors interact in complex ways to determine how the brain develops and functions. They may be inherited, or caused by factors that impact brain development before, during, or after birth (such as drugs or poor nutrition before or after birth, German measles before birth, or oxygen deprivation during birth. Or, they can be related to brain trauma or brain tumors. 

How can environmental agents affect the brain? 
The brain starts developing early in embryonic life and continues developing into adolescence. 

The developing brain is extraordinarily sensitive to environmental agents—exposure levels that have no lasting effect on an adult’s brain can have dramatic effects on the developing brain before birth or during childhood. 

One way that environmental agents disrupt brain development is by interfering with the processes that control gene activity. New research is finding, for example, that the compound bisphenol A affects when genes important for controlling brain development are turned on. 

By altering gene expression, environmental agents can interfere with any one of many steps of brain development, as brain cells divide, differentiate into specialized cell types, establish connections with other brain cells, and die. Environmental agents can also interfere with chemical messengers in the brain that help transmit nerve impulses. 

Interfering with any one step may impact later steps of brain development. The timing can be as important as the amount of exposure. Thus, even a brief exposure to an environmental agent at an important step in brain development can have significant consequences later in life.
Lead, alcohol, and nicotine are known to interfere at several points in brain development. Both lead and alcohol interfere with the differentiation of nerve cells, as well as the transmission of nerve impulses, for example. 

What role do environmental agents play in learning disabilities, behavioral/emotional disorders, and other brain disorders? 
A few chemicals have been studied intensively for their impacts on the brain. However, the vast majority of chemicals to which people are commonly exposed have never been examined at all for their impacts on the developing brain. Among those that have been studied incompletely, evidence coming from a wide array of experiments in the lab point to possible impacts on people. There are many scientific steps between what we understand today and reaching scientific certainty, but we already can make some targeted recommendations about ways that exposure reduction might reduce risks.

Below are some examples of environmental agents that affect the brain and can play a role in brain disorders: 

· Lead exposures during infancy and childhood can cause attention problems, hyperactivity, impulsive behavior, reduced IQ, poor school performance, aggression, and delinquent behavior. Lead paint and lead-contaminated water and soil are the major sources of lead exposure to children. The more lead is studied, the more evidence we have showing that levels previously thought “safe” actually cause harm to the developing brain. 

· Mercury easily crosses the placenta and disrupts many steps in brain development. Even exposures at relatively low levels to a pregnant woman can impair the IQ, language development, visual-spatial skills, memory, and attention of her child. Like with lead, the “safe” level of mercury keeps dropping the more mercury is studied. 

· Manganese is essential to health at low levels in the diet, but elevated levels of manganese in hair are associated with ADHD, and laboratory experiments in animals link manganese with hyperactivity. It is also associated with Parkinsons. 

· PCBs (polychlorinated biphenyls), industrial chemicals now banned but which persist in the environment, especially in fatty tissue, can impair reflexes and IQ, delay mental development and the development of motor skills, and cause hyperactivity. These effects have been demonstrated in children born to women who consumed fish contaminated with PCBs, as well as in laboratory animals. 

· Tobacco smoke and nicotine are among the best studied agents for their effects on the developing brain. Children born to women who smoke during pregnancy are at risk for IQ deficits, learning disorders, and attention deficits. Children born to women who are passively exposed to cigarette smoke are also at risk for impaired speech, language skills, and intelligence. Children exposed to tobacco smoke after birth also are at risk for various behavioral problems. 

· Alcohol crosses the placenta and disrupts many steps in brain development. Depending on the timing and amount of exposure to a pregnant woman, the exposed fetus may develop into a child with hyperactivity, learning problems, lowered IQ, or in more serious cases, mental retardation. 

· Bisphenol A alters the expression of genes that are important for long-term memory formation and for early brain development. Exposing fetal mice to extremely low doses of bisphenol causes changes in their adult behavior. 

· Perchlorate, a rocket fuel that now contaminates drinking water in many communities in the US west, interferes with thyroid hormone control of brain development in mice. 

· Solvents like toluene cause learning, speech, and motor skill problems in children. These effects were discovered in studies of children borne to mothers who sniffed glue during pregnancy. The impacts on the developing brain of other solvents have not been studied in humans, but studies in animals indicate that they can also impair normal brain development. 

· Prions, an infectious form of a type of protein, are believed to be the agents that cause a rare brain disorder called variant Creutzfeldt-Jakob Disease (CJD) in humans, as well as mad cow disease in cattle, chronic wasting syndrome in deer and elk, scrapie in sheep, and other similar brain diseases in other species. People can be exposed to prions by eating contaminated food or other products made from animals with diseases such as mad cow disease. 

Why isn’t more known? 
There are a number of reasons, including: 

· The brain is complex and can be affected in many ways. 

· Interactions between multiple factors (environmental, social, genetic) make it hard to pinpoint the contribution of one factor 

· Lag time between exposure and effects makes it difficult to measure or estimate exposure. 

· It is difficult to use experimental animals to study how environmental agents affect higher mental abilities involving learning and behavior since these are often unique to humans. 

Where does that leave us now? 
· Learning disabilities, behavioral disorders such as autism and ADHD, and some other brain disorders appear to be on the increase but for the most part, hard numbers are lacking. 

· The largest study of children in history, the National Children’s Study, will track more than 100,000 children from before birth until age 21, examining how inheritance and a variety of environment, social, cultural, dietary, and biological factors influence health and development. Behavioral disorders like ADHD and autism are high on the study's research agenda. 

· New scientific results on the impact of lead, mercury, microwave radiation, bisphenol A, flame retardants, PAHs (polycyclic aromatic hydrocarbons) and other agents provide intriguing clues that need follow-up. 

· Few of the chemicals in widespread use today--even those regularly found in human tissue, including umbilical cord blood and amniotic fluid--have been submitted to any testing to determine their possible impact on neurological development. 

A “better safe than sorry” approach based on the precautionary principle should be taken when dealing with chemicals that may impact the developing brain. While such an approach is most effective when it is taken by government and industry, there fortunately are many common sense steps that individuals and families can take as well.

Developmental Disabilities—Impairment of Children’s Brain 
Development and Function: The Role of Environmental Factors
Ted Schettler, MD, MPH, Science Director, Science and Environmental Health Network
8 February 2003

(This paper was adapted from: Schettler T. Toxic threats to neurologic development of children. Environ Health Perspect 2001 Dec;109 Suppl 6:813-6)
 

Summary

Learning disabilities, attention deficit hyperactivity disorder, developmental delays, and emotional and behavioral problems are among childhood disabilities of increasing concern. Interacting genetic, environmental, and social factors are important determinants of childhood brain development and function. For many reasons, however, studying neurodevelopmental vulnerabilities in children is challenging. Moreover, inadequate incidence and trend data interfere with full understanding of the magnitude of the problem. Despite these difficulties, extensive laboratory and clinical studies of several neurodevelopmental toxicants, including lead, mercury, polychlorinated biphenyls, alcohol, and nicotine, demonstrate the unique vulnerability of the developing brain to environmental agents at exposure levels that have no lasting effect in adults. Historically, understanding the effects of these toxicants on the developing brain has emerged slowly while generations of children are exposed to unsafe levels. Unfortunately, with few exceptions, neurodevelopmental toxicity data are missing for most industrial chemicals in widespread use, even when populationwide exposures are documented. The personal, family, and communitywide costs of developmental disabilities are profound. In addition to the need for more research, a preventive public health response requires mitigation of exposures to potential neurodevelopmental toxicants when available evidence establishes the plausibility of harm, despite residual toxicologic uncertainties.

 

The Scope of the Problem
In the United States nearly 12 million children under 18 years of age (17%) suffer from deafness, blindness, epilepsy, speech deficits, cerebral palsy, delays in growth and development, emotional or behavioral problems, or learning disabilities (Boyle et al. 1994). Learning disabilities alone affect 5-10% of children in public schools (Parrill 1996). Attention deficit hyperactivity disorder (ADHD) conservatively affects 3-6% of all school children. (Goldman et al. 1998.) A recent survey from the Centers for Disease Control and Prevention (CDC) reports that parents of approximately 1.6 million elementary school-aged children (7 percent of children 6-11 years of age) reported ever being told by a doctor or health professional that their child had ADHD. 

The incidence of autism may be as high as 2 per 1,000 children. The number of children entered into the California autism registry increased by 210% between 1987 and 1998, and the rate in increase continues to rise. (California Health and Human Services 1999; Byrd 2002). According to the California Department of Developmental Services, the latest figures show that autism accounted for 36% of all the intakes during the first quarter of 2002. Improved reporting and differing diagnostic definitions undoubtedly explain some of the increases in disorders of neurological development (neurodevelopmental disorders) but do not explain for the entire pattern (Byrd 2002).

Causes
Genetic, environmental, and social factors interact in complex ways to determine how the brain develops and functions. Heredity alone accounts for, at most, about 50% of the variation in cognitive, behavioral, and personality traits among individuals (Plomin et al. 1994).
Among genetic factors, single gene disorders are uncommon causes of impaired brain development. An example is phenylketonuria (PKU), a condition that results from an inherited inability to metabolize the amino acid, phenylalanine. PKU causes mental retardation unless it is recognized early and phenylalanine is removed from the diet soon after birth. Every child born in the US is tested for PKU at birth. More commonly, however, multiple subtly acting genes working together exert smaller influences over neurological development. But even after these are taken into account, environmental and social factors are responsible for the other 50% of variability in these traits. 

Challenges to Understanding
Interactions among these various influences are important and must not be overlooked. For example, expectant mothers and children living in poverty or decaying urban environments are often disproportionately exposed to harmful environmental contaminants such as lead or industrial air pollutants. Inherited genetic factors influence the capacity of individuals to metabolize and excrete toxic chemical compounds like, for example, some pesticides that can damage the developing brain or other nerve tissue. (Rosenman and Guss 1997; Costa et al. 1999) These interactions make it difficult to identify precisely the contribution of each genetic, social, or other environmental factor to the risk of a disability in a given individual.
Studying these problems in children is challenging for a variety of other reasons as well. Professionals often use different definitions for common terms like, for example, attention deficit hyperactivity disorder (ADHD), autism, or learning disabilities. Differing definitions complicate efforts to compare conditions in groups of children and to follow trends over time. The use of diagnostic labels is also quite inconsistent when the severity of symptoms varies. Behavioral problems, for example, may range from mild attention deficits to severe conduct disorders. A child may have only mild impairment of social skills or severe and disabling autism. Learning-related disorders may be mild or associated with severe mental retardation. Moreover, some traits typical of one diagnostic category are likely to be found in another as well. For example, up to 50% of children with ADHD have a learning disability and 30-80% have a conduct disorder (Baumgaertel et al. 1996).
When studying the contribution of toxic environmental chemicals to these disorders it is important, but frequently difficult, to accurately measure or estimate exposures to toxic chemicals. This is particularly problematic when the relevant exposure may have occurred in the fetus during pregnancy or during early childhood but the impact did not become apparent until much later. Finally, even when there appears to be an association between exposure to a toxic chemical and abnormality of brain development, researchers often disagree about when a cause-and-effect relationship has been demonstrated or how large an exposure is necessary to cause the effect. As a result, there is often considerable debate and disagreement about the role that environmental factors play in some commonly encountered disorders of brain development and function. 

Varying Scientific Approaches
Toxicologists interested in studying the impacts of chemicals on brain development typically attempt to identify specific traits rather than syndromes that result from exposures. These traits may include attention deficits, specific learning or memory problems, or discrete behavioral problems like impulsiveness or aggression. Conversely, healthcare providers and educators are more likely to search for diagnostic categories that describe the collection of traits that they identify in an individual. ADHD, for example, is a mixture of problems of paying attention and controlling impulsive behavior. Autism can be a complex mixture of impaired social interaction, repetitive patterns of behavior, hyperactivity, and attention deficits.
Toxicologists can more easily study the impacts of chemicals on specific tests of attention than on a mixture of attentional and behavioral problems. Similarly, toxicologists can study specific learning or memory skills or behaviors as traits that are then sometimes grouped together to form a diagnosis like, for example, autism, Asperger’s syndrome, pervasive developmental disorder, or non-specific learning disabilities. For the purposes of studying the causes of developmental disabilities and opportunities for prevention, explicit consideration of traits, as well as diagnostic categories, provide important insights. 

Brain Development and the Impact of Specific Toxicants
Brain development begins early in embryonic life and continues well beyond birth into adolescence. During development, brain cells divide, migrate to the proper place in the brain, differentiate into specialized cell types, establish connections (synapses) with other brain cells to form circuits, and undergo programmed cell death (apoptosis) in an orchestrated sequence of events controlled by many different brain chemicals.
As nerve cells mature, they are coated with a fatty material called myelin that facilitates nerve impulse transmission. Nerve impulses are transmitted from cell to cell by means of chemical messengers called neurotransmitters. These neurotransmitters not only transmit nerve impulses but also play important roles in guiding the development of the brain during fetal life, infancy, and childhood. Interference with any stage of this cascade of events may alter subsequent stages, so that even short-term disruptions may have long-term effects later in life. For this reason, the timing of exposure to neurotoxic chemicals is as important as the size of the exposure. Even a relatively small exposure to a toxic chemical during a window of vulnerability can have a permanent impact that might not occur if the same exposure happened at another time.
A large amount of research has examined the various ways in which neurotoxic chemicals can interfere with brain development. Chemicals that interfere with cell division, migration, differentiation, synapse formation, programmed cell death, neurotransmitter levels, or combinations of these are well documented. For example, lead interferes with nerve cell differentiation, myelinization, programmed cell death, and nerve impulse transmission. Alcohol interferes with each of these plus cell division, migration, and synapse formation.
Despite the challenges of studying neurodevelopmental disorders in children, a large amount of evidence conclusively documents the effects of a few environmental agents (Schettler et al. 2000). For example, fetal or infant exposure to lead, alcohol, or nicotine impairs normal brain development (Nulman et al. 1988; Eskenazi and Castorina 1999; Rice 1998). With respect to the availability of toxicity information, however, lead, alcohol, and nicotine are the exception rather than the rule. Several additional chemicals, profiled below, have been studied fairly extensively, and incomplete data are available for a few more. The vast majority of chemicals to which people are commonly exposed, however, have never been examined at all for their impacts on the developing brain. Given the vulnerability of the developing brain to chemical exposures, this lack of information is extremely unfortunate and keeps us from more fully understanding the magnitude of the public health threat. 

Lead
The impacts of lead on the developing brain have been studied for many years. Lead exposures during infancy and childhood cause attention deficits, hyperactivity, impulsive behavior, IQ deficits, reduced school performance, aggression, and delinquent behavior. (Rice 1998; Needleman et al. 1996) A historical review of our understanding of the impacts of lead on the developing brain shows that exposure levels that were once thought to be “safe” are actually associated with brain damage when children are carefully studied. Even today, the Centers for Disease Control (CDC) is contemplating whether or not to further lower the screening threshold from 10 migrogm/dl blood to 5 microgm/dl blood since impacts have now been documented at these lower levels. (Lanphear et al. 2000)

Mercury 
Mercury (Hg) is a potent neurological toxicant and is particularly harmful to the developing brain at low levels of exposure. Dietary fish contaminated with mercury (in the form of methylmercury) is, for many people, the largest source of exposure. Mercury easily crosses the placenta and enters the fetal brain where it disrupts many different processes necessary for normal brain development. (Atchison and Hare 1994; Sager 1988; Sager and Matheson 1988). 

Large prenatal methylmercury exposures cause psychomotor retardation, seizures, developmental delays, and mental retardation (Harada 1978; Amin-Zaki et al. 1976). Much smaller prenatal exposures can impair IQ, language development, visual-spatial skills, gross motor skills, memory, and attention in offspring (Crump et al. 1998; Grandjean et al. 1997). 

As with lead, a historical review of our understanding of the toxicity of mercury in the developing brain shows that more refined testing has resulted in a steady decline in the exposure level thought to be "safe" and without adverse effects. The U.S. Environmental Protection Agency (U.S. EPA) has recently developed a reference dose for mercury of 0.1 µg Hg/kg/day. Maternal exposures at or below this level are thought unlikely to increase the risk of harm to the developing fetal brain. A committee of the National Academy of Sciences supports the validity of this reference dose (National Research Council 2000). Unfortunately, according to the EPA, 52,000-166,000 pregnant women in the United States consume fish contaminated with mercury at levels at or above this reference dose (U.S. EPA 1997). A population survey conducted by the CDC indicates that more than 10% of women of reproductive age in the US have blood mercury levels that may increase the risk of impaired brain development in their children (CDC 2001). [An more extensive survey published in 2003 suggests this percentage may be closer to 8%.]

Manganese 
The toxicity of manganese (Mn) in the brain from workplace exposures is well known. Symptoms include gait and movement disorders, and in some cases, inappropriate behavior. More recently, the toxicity of manganese in the developing brain has come under increased scrutiny. In several small studies of children, manganese hair levels are associated with ADHD (Collipp et al. 1983; Pihl and Parkes 1977; Crinella et al. 1998). Exposure to manganese in developing laboratory animals is also associated with hyperactivity (Boyes and Miller 1998).

At low levels, manganese is an essential dietary trace element. That is, we need small amounts in order to develop normally and stay healthy. Concerns center, however, on the effect of getting too much manganese. The concentration of manganese in human breast milk is about 6 µg Mn/L, whereas infant formula may contain 77-100 µg Mn/L, depending on whether it has been supplemented. Soy formula may naturally contain as much as 200-300 µg Mn/L because soybean plants easily extract manganese from the soil. (Dorner et al. 1989; Lonnerdal 1994). Compared to adults, children and immature animals absorb more and excrete less manganese (Mena 1974; Dorner et al. 1989). Moreover, in infants, manganese easily gains access to the developing brain.

These observations raise questions about the wisdom of supplementing infant formula with manganese and the widespread use of infant soy formula containing naturally high concentrations of manganese. They also further concerns about the use of gasoline supplemented with an organic manganese compound as an octane enhancer in the United States and Canada. The Ethyl Corporation (Richmond, VA, USA), the U.S.-based manufacturer of the additive, claims there is no evidence to support concerns that manganese in gasoline represents a threat to public health--an argument that is eerily reminiscent of their position on the use of tetraethyl lead many years ago. Under provisions of the North American Free Trade Agreement (NAFTA) (International Joint Commission 1972), the Ethyl Corporation brought legal action against Health Canada for blocking access to Canada's gasoline market. Health Canada ultimately decided to settle, not only allowing the additive onto the market but also agreeing to pay Ethyl Corporation an estimated $10 million for legal costs and lost income (McCarthy 1998). Meanwhile, available data indicate that the brain is vulnerable to long-lasting effects from developmental exposures to manganese. 



Polychlorinated Biphenyls 
Polychlorinated biphenyls (PCBs) are industrial chemicals used in the US and throughout the world for decades in electrical equipment, paints, and as lubricants. Their manufacture was banned in the US in 1977 because of concerns that they could cause cancer. Since then, additional health impacts have become apparent, including impairment of normal brain development. Unfortunately, PCBs are persistent in the environment. Consequently, most of the PCBs that were ever produced are still present somewhere, whether in an electrical transformer, soil, landfill, or river or lake sediments. PCBs are soluble in fat and tend to concentrate as they move up the food web. As a result, PCBs continue to contaminate the food supply. People are exposed primarily through eating PCB-contaminated meat, processed food, dairy products, or fish.
The impacts of polychlorinated biphenyls (PCBs) on brain development have been examined in several large human studies where exposures during fetal development were measured by sampling maternal or umbilical cord blood or breast milk. Fetal exposures to PCBs at current environmental levels cause impaired reflexes, delays in developing motor skills, delayed cognitive development, hyperactivity, and IQ deficits (Jacobsen and Jacobsen 1990; Jacobsen and Jacobsen 1996; Patandin et al. 1999; Lonky et al. 1996; Stewart et al. 2000). Impaired learning, altered behavior, and hyperactivity have also been demonstrated in laboratory animals (Rice and Hayward 1997; Rice 1999).
Many scientists are studying the mechanisms by which PCBs interfere with brain development. (Zoeller et al. 2000; Brouwer et al. 1999; Osius et al. 1999; Tilson 1997; Koopman-Esseboom et al. 1994) One mechanism that seems particularly important is interference with normal thyroid hormone function. Because thyroid hormone is essential for normal brain development, the effects of PCBs and other chemicals that interfere with thyroid hormone function are of particular concern. A recent study (Haddow et al. 1999) of women with hypothyroidism during pregnancy showed the extreme sensitivity of the developing brain to even mildly depressed or low-normal thyroid hormone levels. At 7-9 years of age, offspring of these women were more likely than the offspring of mothers with normal thyroid function to perform poorly on tests of attention and word discrimination. 

Flame Retardants
Polybrominated diphenyl ethers (PBDEs) are widely used as flame retardants in consumer products and are detected in increasing concentrations in human breast milk and fat tissue. (Meironyte et al. 1999) PBDEs are structurally similar to PCBs and also interfere with normal thyroid hormone function (Darnerud et al. 2001) Some pesticides, such as dicofol, pentachlorophenol, dinoseb, and bromoxynil, also interfere with normal thyroid hormone function. (Meerts et al. 2000). Animal tests show that PBDE exposures during brain development cause hyperactivity and interference with memory and learning when the animal grows up (Eriksson et al. 2002) The impacts of these chemicals on humans have not been studied, yet human exposures are widespread (Darnerud et al. 2001; Needham et al. 1995). 

Pesticides 
Limited data describe the effects of exposures to neurotoxic pesticides on the developing brain. In laboratory rodents a single low-level exposure to an organophosphate pesticide or a pyrethroid on day 10 of life causes permanent changes in the brain and hyperactivity when the animal is tested at 4 months of age (Ahlbom et al. 1995; Eriksson et al. 1991). Organophosphate and pyrethoid pesticides are among those most commonly used in the home and on gardens as well as in commercial agriculture. A study of Mexican children exposed to a mixture of agricultural chemicals showed impacts on motor skills, memory, attention, and learning (Guillette et al. 1998). 

The general lack of neurodevelopmental toxicity data for agricultural chemicals is of particular concern because of their widespread use and ubiquitous exposures. Population-based studies in the United States show that over 90% of children have detectable urinary residues of just one of the neurotoxic organophosphate pesticides. Specimens analyzed for residues of 30 pesticides showed that >50% of the population contained at least six (Needham et al. 1995). One study examined the meconium (first baby bowel movement) of newborns and found residues of organophosphate pesticides in each of them, documenting fetal exposure during critical periods of brain development. (Whyatt and Barr 2001)

Alcohol and Other Solvents
Alcohol and other solvents cross the placenta exposing the fetus during development. Fetal alcohol exposure causes hyperactivity and learning and IQ deficits. (Nulman et al. 1988). Depending on the timing and amount of the exposure, some fetuses exposed to alcohol develop fetal alcohol syndrome. They may have slightly abnormal development of their faces and heads and the most severely affected may be mentally retarded. 

Toluene is another solvent that can impair brain development in ways similar to alcohol. (Kostas and Hotchkin 1981; Pearson et al. 1994; Jones and Balster 1997; Jones and Balster 1998; Hougaard et al. 1999; ) Most studies of toluene have been done in laboratory animals, but some human studies have been done on children whose substance-abusing mothers sniffed glue during pregnancy. In these cases, their children showed deficits in learning, speech, and motor skills. The impacts of lower level exposures to toluene from consumer products like gasoline, nail polish, glues, and cleaning agents have not been adequately examined. 

The impacts on the developing brain of other solvents like xylene, styrene, and trichloroethylene, among others, have not been studied in humans. These are solvents that are also widely used in glues, paints, resins, gasoline, cleaning products, or other consumer items. However, limited animal studies show that these, too, can impair normal brain development and function, sometimes at exposure levels that are similar to what pregnant women might encounter in the workplace or during use of some consumer products in the home. Offspring of these animals show altered activity levels and impaired motor skills, learning, and memory. (Dorfmueller et al. 1979; Mirkova et al. 1983; Taylor et al. 1985; Shigeta et al. 1989; Khanna et al. 1991; Hass et al. 1995).

Сonclusions
Developmental delays, learning disabilities, ADHD, and behavioral disorders extract a terrible toll from children, families, and society (Cramer and Ellis 1996). Children with ADHD are at risk for failure in the classroom and later in the workplace. Individuals with learning disabilities have a more difficult time keeping a job, learning new skills, and getting along with co-workers. Children with learning disabilities are often alienated, isolated, and misunderstood. Some developmental disabilities increase the risk of substance abuse, delinquency, criminal behavior, and suicide. 

Families of children with learning, developmental, or behavioral disorders experience additional stress. The costs associated with caring for these children can be high for families and society. Special education programs and psychological and medical services drain resources. When services are unavailable, children, families, and communities suffer in numerous ways. 

The neurodevelopmental effects of relatively few compounds encountered in the ambient environment are well characterized. Yet, even these limited data highlight the profound vulnerability of the developing brain. Moreover, comparisons of animal and human data for lead, mercury, and PCBs show that laboratory animal studies tend to underestimate human neurodevelopmental sensitivity by 100-10,000 fold. (Rice et al. 1996). In each case, what was considered a “safe” exposure level was continuously revised downward as human data became available. 

Unfortunately, neurodevelopmental data are lacking for the large majority of known or suspected neurotoxic chemicals. Regulatory agencies have generally failed to require neurodevelopmental testing of chemicals before they are marketed. None of the voluntary testing programs proposed by the chemical industry in the United States includes neurodevelopmental testing. 

Although we can do little about genetic contributions to many of these developmental disorders, we have enormous opportunities to reduce exposure to chemical environmental contaminants that interfere with normal brain development. Sufficient evidence has accumulated to permit better understanding of the hazards of exposure to neurotoxic chemicals. Clearly, more comprehensive pre- and postmarket neurodevelopmental testing of chemicals to which humans and wildlife are likely to be exposed is essential. Residual scientific uncertainty, however, cannot be an excuse for avoiding precautionary action when available evidence establishes the plausibility of harm. Exposures to these chemicals known or suspected to damage the developing brain can and should be reduced or eliminated
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Incidence, Mortality, Trends
Prostate cancer is the most commonly diagnosed cancer in men in the US. Over 300,000 new prostate cancer cases are diagnosed annually, constituting about 30% of all new male cancer cases, and more than 40,000 men die from the disease each year. Annual incidence rates average about 155/100,000 for white men and 230/100,000 for black men in the US. The incidence of prostate cancer increased dramatically between 1992 and 1997, largely, but not entirely, as a result of increased screening using prostate specific antigen (PSA) testing. Though mortality rates have not increased as abruptly, a steady upward trend for white and black men continues. Age-adjusted mortality rates for white and black men have declined substantially in recent years because of earlier diagnosis and improved treatment techniques (Chu et al 2003l). 

Demographic Factors
The incidence of clinical prostate cancer is lowest in Asian countries and highest in Scandinavia (Lin and Lange 2000). African-American men are at substantially higher risk of developing and dying from prostate cancer than Caucasians in the United States. African-American men living in the San Francisco area have a risk of developing prostate cancer that is 120 times that of Chinese men living in China. It is interesting to note that the incidence of prostate cancer highly correlates with breast cancer incidence in virtually every country studied (Coffey 2001). This suggests that the two kinds of cancer may have causal factors in common. Normal breast and prostate tissue also share some common features. Each is hormonally responsive, containing estrogen, androgen, and progesterone receptors. Prostate specific antigen (PSA), normally present in prostate tissue, is also present in the breast.

Although Asian men are less likely to develop clinical evidence of prostate cancer, an autopsy study shows that Japanese men also develop latent (histologic but clinically unapparent) prostate cancer early in life (Yatani et al. 1988, Shiraishi et al. 1994). Japanese men living in Japan had a marked increase in latent prostate cancer from 1965-1979 to 1982-1986. The risk of developing clinically apparent prostate cancer increases for Japanese men who immigrate to the US, though prostate cancer incidence among Japanese men in the US remains well below that of Caucasians (Shimizu et al. 1991). 

 

The Natural History of Prostate Cancer 
Prostate cancer develops in stages, becomes common in men as they age, and is often present in older men who die of other causes. Clinically apparent cancer is preceded by a sequence of multiple steps that are likely to unfold over many years (Cater et al. 1990). Some tumors, however, behave much more aggressively than others. Early stages of prostate cancer may go undetected for many years, complicating understanding of the natural history of the disease. Although autopsy studies of older men frequently identify prostate cancer as an incidental finding, a study in younger men reported a surprising incidence of prostate cancer (Sakr et al. 1993). In 152 men in California all less than 50 yrs old, who died of other causes, 34 percent of those 40-49 yrs old and 27% of those 30-39 yrs old had microscopic evidence of cancer in their prostate glands. Cellular changes (prostatic intraepithelial neoplasia) that may either progress to cancer or, alternatively, be evidence of susceptibility to cancer were detected in 9 percent of men 20-29 yrs old. An autopsy study in Detroit also identified prostate cancer in a small percentage of men in their 30’s, with steady increases in age-associated prostate cancer incidence thereafter (Sakr et al. 1994).

Animal tests discussed below suggest that the earliest stages of what may later become prostate cancer may be traced back to early developmental periods. Genetic and environmental factors that promote the sequence that results in clinical prostate cancer are likely to help explain trends and demographic variability. In fact, even in a single individual, the natural history of early microscopic prostate cancer cells may vary significantly with genetic and environmental factors (Lange 1994). 

Together, animal and human data suggest that prostate cancer commonly begins early in life and results from the promotion of a sequence of events, rather than sudden initiation of an outright cancerous tumor in previously normal tissue. The data are consistent with the hypothesis that very early life events influence the risk of developing prostate cancer. It is worth noting that, regarding development of breast cancer in women, a similar hypothesis is supported by a considerable amount of data. 

Cause(s) of Prostate Cancer
Genetic Factors:
Prostate cancer is a complex disease that results from an interaction of genetic and environmental factors. Approximately 5-10% of cases of prostate cancer may be caused primarily by inherited dominant susceptibility factors (Steinberg et al. 1990). High penetrance and low penetrance susceptibility genes are likely to be involved. The risk of developing prostate cancer increases 2-4 fold with a history of the disease in close relatives and is particularly increased when prostate cancer develops early in the life of a close relative. A study of cancer in monozygotic and dizygotic twins concluded that genetic factors accounted for approximately 42% of prostate cancer risk and suggested that environmental factors account for the remainder (Lichtenstein et al. 2000). Though this is likely to be a somewhat simplistic conclusion about a complex disease with high likelihood of gene-environment interactions, the data emphasize the importance of both genes and the environment.
Genes for which there is some evidence of a causal relationship to prostate cancer include those that code for the enzyme (5-alpha-reductase) that converts testosterone (T) to dihydrotestosterone (DHT), the vitamin D receptor, androgen receptors and their variants, growth factors, and tumor suppressor genes. Some evidence suggests that the breast cancer susceptibility gene, BRAC, also influences prostate cancer risk (Rosen et al. 2001). 

Environmental Factors:
Historically, studies of environmental variables that may influence cancer risk have focused primarily on the adult environment of people who develop the cancer of interest, including dietary and occupational factors. Demographic differences in cancer incidence also offer clues. Experience with diethylstilbestrol (DES), however, showed the importance of considering the fetal environment. Daughters born to women who took DES during pregnancy are at markedly increased risk of developing cancers of the reproductive tract as adolescents or adults. Animal studies also show that in utero exposures to dioxin can fundamentally alter differentiation of breast tissue so that adult animals are more susceptible to breast carcinogens (Brown 1999). As a result, attention is slowly shifting to include the environment of very early life as it may influence the likelihood of developing cancer many years later. Evaluation of the impact of environmental factors on prostate cancer risk has followed this familiar sequence as summarized here. 

Geographical Factors:
The probable role of environmental factors in the development of clinically apparent prostate cancer is supported by several kinds of data in addition to the twin study. First, prostate cancer risk increases in men who migrate from low-incidence to higher-incidence countries (Haenzel and Kurihara 1968; Dunn 1975; Angwafo 1998). The data are most persuasive for Asians in whom the risk markedly increases with immigration to the West. Early studies suggested that black men in the US were also at much higher risk of prostate cancer than black men living in Africa (Ahluwalia et al. 1981; Angwafo 1998). However, these may be misleading due to differences in access to health care, disease surveillance, and age distribution of populations. A systematic study of black men in Nigeria found that prostate cancer incidence was actually much higher than previously reported and may be as high as that noted among black men in the US (Osegbe 1997). 

Dietary Fat and Red Meat Consumption:
A number of epidemiologic studies have identified dietary fat as a risk factor for development of prostate cancer (Lin and Lange 2000; Rose et al. 1986; West et al. 1991). Some studies find animal fat consumption associated with increased prostate cancer risk rather than fat from vegetables and fish (Giovannucci et al. 1993; Gann et al. 1994). High animal fat diets may increase the risk by as much as 3.5 fold.
More recent studies have focused specifically on dietary meat and have found that red meat consumption significantly elevates prostate cancer risk (Kolonel 1996, Michaud et al. 1996, Nelson et al. 2001). The increased risk associated with dietary red meat is larger than for total meat consumption and is, at least in part, independent of total dietary fat. Cooking red meat produces a variety of aromatic amines, many of which are carcinogenic in animal testing. PhIP, one of that family of chemicals, is a potent prostatic carcinogen in rodents.
One theory holds that red meat or animal fat consumption promotes the growth of low-grade unapparent prostate tumors into more aggressive and readily detectable forms. This theory is consistent with the observation that Asian men who eat a Western diet that is higher in animal fat have an increased risk of developing clinically apparent prostate cancer compared to those who remain on a more traditional Asian diet, even though histologic, unapparent prostate cancers occur with roughly the same frequency in Asians and Westerners.
Diet may influence the risk of developing prostate cancer through an effect on the endocrine system. One study showed that serum estrone concentrations decreased in Japanese men who supplemented their normal diet with soy milk when compared to controls (Nagata et al. 2001). Testosterone and estrogen concentrations remained similar and unchanged. In another study, South African prostate cancer patients transferred to a Western diet showed an increase in estrone levels (Hill et al. 1982). Though the significance of these changes is not known, the testosterone:estrogen ratio may be a more significant measure of risk that the absolute values of either hormone alone.
In animal studies, maternal dietary factors also influence the expression of androgen and estrogen receptors in the prostates of male offspring and may, thereby, influence subsequent prostate cancer risk. In a rat study, for example, maternal dietary genistein (an estrogenic component of soy and other plant foods), at levels comparable to humans on a soy diet, decreased both androgen and alpha-and beta-estrogen receptors in the prostates of male offspring (Fritz et al. 2002). Adult male rats fed genistein also showed decreased prostate androgen and estrogen receptor activity. 

Cadmium:
Cadmium is a known human carcinogen and is linked to prostate cancer in epidemiologic and laboratory animal studies (Agency for Toxics Substances and Disease Registry 1997; Waalkes 2000). The relevance of some rodent studies to humans is uncertain because the prostate glands of some rodent strains do not closely resemble those of humans. However, in a rodent strain with a dorsolateral prostate similar to that in men, dietary cadmium exposure caused dose-dependent proliferative, pre-cancerous appearing lesions in that portion of the prostate (Waalkes et al. 1999). Some studies show an increased concentration of cadmium in prostates with cancer when compared to normal glands (Brys et al. 1997; Waalkes and Rehm 1994). Test tube studies also show the ability of cadmium to cause malignant transformation of human non-malignant prostate cells (Achanzer et al. 2001).
Food and cigarette smoke are the largest sources of cadmium exposure in the general population. Smokers have a daily cadmium intake that may be twice that of non-smokers. Occupational exposures may also occur among welders, metal workers, or those who make cadmium products such as batteries or plastics (Agency for Toxics Substances and Disease Registry 1997). Some people absorb cadmium more readily from the gastrointestinal tract than others, such as those with depleted calcium or iron stores. People with naturally low levels of metallothionein (an inducible substance that sequesters cadmium and other heavy metals) may also be at increased risk of cadmium related toxicity. Cadmium levels are elevated in some foods grown on soil that has been treated with cadmium-containing sewage sludge or fertilizers, or that is naturally high in cadmium (Alloway and Jacson 1991; Piscator 1985). 

Pesticides:
A number of published studies support a causal relationship between pesticide exposure and prostate cancer. For example, many occupational studies show an increased incidence of prostate cancer incidence and/or mortality among farmers and pesticide applicators (Sharma-Wagner et al. 2000; Dich and Wiklund 1998; van der Gulden et al. 1995; Janssens et al. 2001; Mills 1998; Fleming et al. 1999; Fleming et al. 1999; Keller-Byrne et al. 1997; Kross et al. 1996). Though some of these are correlation studies and, therefore, limited by a lack of actual pesticide exposure data, exposure misclassification in epidemiologic analyses is more likely to bias toward false negatives than false positives. The findings among pesticide applicators are particularly significant since, in general, a healthy-worker effect was noted, and alcohol- and tobacco-related illnesses were reduced among the workers. One in vitro study of human prostate cancer cells showed that several organochlorine pesticides, a pyrethroid, and a fungicide each caused proliferation of androgen-dependent cancer cells (Tessier and Matsumura 2001). 

 

Other Environmental Exposures and Prostate Cancer Risk—The Importance of Timing
In recent years, considerable attention has focused on endocrine disrupting chemicals in the ambient environment and their impacts on human and wildlife health (Colborn and Clement 1992; National Research Council 1999; Colborn et al. 1996; Schettler et al. 1999). An important theme that emerges from these analyses is the particular susceptibility of the developing organism to exposures to hormonally-active substances at levels that have minor, transient, or no impact in adults. Low-level developmental exposures to substances that modulate endocrine activity can have life long impacts if the exposure occurs during window(s) of unique vulnerability. 

The fetal prostate develops under the control of maternal and fetal hormones, including testosterone, estrogen, and prolactin. A variety of growth factors also play important roles. Testosterone, enzymatically transformed to dihydrotestosterone (DHT), is essential for normal prostate growth. Estrogens also play a role (Adams et al. 2002). During normal prostate development, squamous metaplasia develops in the prostatic tubules as the fetus matures, but it normally disappears by birth. However, when the fetus is exposed to excessive estrogen, the condition persists (Shapiro 2000). The role of prolactin in normal prostate growth is not fully understood but it enhances the effects of testosterone and also directly stimulates prostate growth (Jannulis et al. 2000). Prolactin levels are elevated in men with BPH (Saroff et al. 1980). 

A 1980 report noted that in utero exposure to diethylstilbestrol (DES) alone or in combination with other hormones in humans correlated with enlargement of prostatic ducts and increased Leydig cells in the testes (Driscoll and Taylor 1980). Studies in rodents show that prenatal exposure to estrogenic agents causes an increase in androgen receptor binding activity and enlargement of the prostate at low doses (Gupta 2000; vom Saal et al. 1997). Higher prenatal doses of DES cause down regulation of androgen receptors and decreased prostate weight, along with other evidence of feminization of males. Postnatal estrogen exposure generally reduces prostate size and androgen sensitivity (Naslund and Coffey 1986). Also in rodents, brief neonatal exposure to estrogens blocks epithelial cells in the prostate from differentiating normally (Habermann et al. 2001). In adulthood, the prostates of animals exposed to estrogens in the neonatal period show precancerous changes (dysplasia). One conclusion that can be drawn from these observations is that the timing of perturbations of normal levels of hormones and growth factors that influence prostate growth and differentiation strongly influences both the nature and magnitude of their effects. 

Another “environmental estrogen”, bisphenol A (BPA-a component of epoxy resins, polycarbonate plastic, and dental sealants to which the general population is exposed at low levels), caused prostate enlargement in mice exposed to low levels in utero (maternal exposures 20-50 microgms BPA/kg/day) (Nagel et al. 1997; Gupta 2000). Prenatal BPA exposure also alters cellular differentiation in the tissue (stroma) that surrounds the ducts of the prostate (Ramos et al. 2001). Although BPA has a binding affinity for the estrogen receptor that is several orders of magnitude less than estradiol, BPA does not bind to plasma-binding proteins to the same degree as estradiol and therefore, is likely to be more available to cells than estradiol. BPA also stimulated prolactin release in an animal study (Steinmetz et al. 1997). A recent study in prostate cancer cells showed that very low concentrations of BPA activated the androgen receptor and initiated proliferation of cancer cells, independent of testosterone (Wetherill et al. 2002). 

Collectively, these studies suggest that prostate growth and development, including organ size, cell differentiation, and hormone receptor levels may be permanently altered by exposure to hormonally-active substances during fetal development. Developmental exposure to estrogen-like substances may increase the risk for later development of prostate cancer, depending on genetic and subsequent environmental factors (Santti et al. 1994). This proposed sequence of events suggests that the investigation of dietary, occupational, and other environmental variables as risk factors for prostate cancer must be examined during fetal life and childhood, as well as in adults. 

 

Summary
Prostate cancer is the most commonly diagnosed cancer in men in the United States and is responsible for more than 40,000 deaths annually. African-American men are at greater risk of developing the disease and dying of it than Caucasians. Asian men living in Asia have a markedly lower risk, but when they move to Western countries, their risk of prostate cancer sharply increases. Autopsy studies show that prostate cancer often begins much earlier in life than previously thought, though usually not becoming clinically apparent until later years.

The causes of prostate cancer are not well understood. Genetic factors play a prominent role in 5-10% of cases, and a lesser role in others. Gene-environment interactions are likely to be important determinants of prostate cancer risk. Known environmental risk factors for prostate cancer include red meat consumption, dietary fat, cadmium, and pesticide exposures. 

Recent studies in animals and humans suggest that the lifetime risk for prostate cancer is influenced by fetal, childhood, and adult events, including exposure to environmental contaminants. In particular, contaminants with estrogenic properties may play an important role in early life. 
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Ovarian cancer is an uncommon but very serious form of cancer. The overall lifetime risk of developing ovarian cancer for a woman in the U.S. is about 1.5 
percent. Nearly thirty-thousand women are diagnosed with this disease each year, and about two-thirds of these women already have advanced disease at the time of diagnosis (Tortolero-Luna and Mitchell 1995). The fact that the disease is often detected at a late stage makes ovarian cancer the fifth leading cause of cancer deaths for women in the United States. Over the past few decades, there has been a very slight increasing incidence of ovarian cancer of about 0.1% per year. Although survival rates have increased slightly due to advances in chemotherapeutic regimens, five year survival is still only at 40 percent (Whittemore 1994; Ozols et al.1997). 

The vast majority of ovarian cancers are of the epithelial cell type. This disease is extremely rare before age 40, but the incidence rate then increases until women reach their early 70’s and then the incidence decreases again slightly (Whittemore 1994). Ovarian cancer is much more common in women living in North America or Europe than in the rest of the world. However, although rates of the disease have remained fairly steady in high-risk countries, a more significant increasing trend has been reported from previously low-risk countries (Tortolero-Luna and Mitchell 1995).

Risk Factors for Ovarian Cancer
As is the case with breast cancer, hormonal, environmental and genetic factors play roles in the risk for developing the disease. For example, nulliparity (having no children) has been shown to increase risk of the disease, whereas multiple pregnancies and increasing duration of lactation decrease risk. A woman who has had three children has half the likelihood of developing ovarian cancer compared to one who has had no children (Whittemore et al.1992). These findings imply that breast cancer and ovarian cancer may share some of the same hormonal causes. 

In contrast to breast cancer risk, no clear associations have been found between risk of ovarian cancer and age at menarche, age at first pregnancy, or age at menopause (Whittemore et al.1992). Women who take oral contraceptives for prolonged periods of time appear to have a lower risk of ovarian cancer. This effect is most pronounced after more than three years of use. Tubal ligation and hysterectomy also have been reported to be protective (Daly and Obrams 1998). Several studies, however, have found that use of estrogen-only forms of hormone replacement therapy, or estrogen-progestin sequential therapy may increase the risk of ovarian cancer (Lacey et al. 2002; Riman et al. 2002)

Genetics and Ovarian Cancer
Increased risk of ovarian cancer has been associated with family history. Women whose mother or sister had the disease have a lifetime risk of disease around 9 percent. A small fraction of these cases have been traced to mutations of the so-called breast cancer genes, BRCA1 and BRCA2. Possessing a mutation of one of these genes confers a lifetime risk of breast or ovarian cancer in excess of 85 percent. However, family history appears to account for only 4-5 percent of cases of ovarian cancer, meaning that most cases are related to environmental or lifestyle factors (La Vecchia 2001). 

In the U.S., white women have a risk of ovarian cancer about 50 percent greater than black women. Although the known risk factors appear to operate similarly in black women and white women, less than 20 percent of the observed difference in ovarian cancer rates between these two groups can be explained by differences in these known risk factors (John et al. 1993). 

Women with one or more Jewish grandparents have more than double the odds of having ovarian cancer compared with women reporting no Jewish grandparents (Harlap et al. 2001). This may be due to the higher prevalence of the BRCA genes in women of Jewish background. Greater risk of ovarian cancer has also consistently been reported among women living at more northern latitudes across countries and within single countries such as France, Italy, and Japan. It is unclear whether these geographic differences reflect different patterns of reproduction, genetic differences, or differences in environmental factors. One study that attempted to tease apart the observed geographic differences by asking about the origin of grandparents found no effect of ancestral latitude. This suggests that the observation of increased risk in more northern latitudes is related more to environmental factors than to genetic origins.10 On the other hand, this same small hospital-based study did find some evidence of risk differences among non-Jewish women with different European origins, with lower risks among women whose grandparents originated in more westerly countries, corresponding with certain European genetic groups.

Several studies have investigated specific genetic differences and their relationship to ovarian cancer. For example, the cytochrome P450 (CYP) 1A1 gene has been investigated because of its critical role in detoxifying many environmental carcinogens such as those found in smoke and soot -- the polycyclic aromatic hydrocarbons (PAHs). In addition, the CYP1A1 gene has a role in the metabolism of estrogen, helping to guide whether estrogen is de-activated or instead, whether estrogen is converted into a byproduct that has been linked to genetic mutations. One study in Turkish women found that a specific sub-type of the CYP1A1 gene (Val allele) is associated with an approximately six-fold increased risk of ovarian cancer as well as of benign ovarian tumors (Aktas et al. 2002). A study of nearly three hundred women in Hawaii, focusing on the CYP1B1 gene, also found an association with the Val allele. In this study, possession of two copies of the Val allele conferred nearly four-fold increased odds of ovarian cancer in all ethnic groups studied (Caucasian, Asian, and Native Hawaiian) (Goodman et al. 2001). In this study, use of oral contraceptives weakened the observed association, whereas cigarette smoking strengthened the association between the genetic subtype and cancer. 

The discovery that certain genetic sub-types of the cytochrome P450 enzyme pathway may be associated with increased risk of ovarian cancer is an important one. This finding may help to explain some of the genetic propensity and racial variability seen in this disease, because the subtypes of this gene vary in different racial and ethnic groups, and are heritable in families. In addition, this discovery may lead to important revelations about ways in which genetic susceptibility may interact with environmental factors to create ovarian cancer. 

 

Environmental Factors and Ovarian Cancer
Sunlight, Vitamin D, and Exercise:
The observation that ovarian cancer may be more common in northern countries generated a hypothesis that vitamin D may be protective against ovarian cancer. Vitamin D is naturally produced in the skin on exposure to sunlight, and has been reported to have anti-cancer properties. An ecologic study found that fatal ovarian cancer in the U.S. is inversely related to the average annual intensity of local sunlight (Lefkowitz and Garland 1994). A nutritional study in Mexico reported that higher intake of retinol and vitamin D was associated with lower rates of ovarian cancer (Salazer-Martinez et al. 2002). A National Cancer Institute study investigated associations between exposure to sunlight and death from a variety of cancers (Freedman et al. 2002). Ovarian cancer risk was significantly lower in sunnier geographic regions within the U.S., but women whose jobs involved more exposure to sunlight did not show any decrease in risk.
Physical activity could theoretically reduce the risk of ovarian cancer because it decreases estrogen levels, reduces body fat, and reduces the frequency of ovulation. In addition, at least one study reported that women who are overweight in their late teenage years have approximately a 40% increased risk of later developing ovarian cancer (Lubin et al. 2003). However, in reality, there is no consensus as to whether physical activity increases or decreases the risk of ovarian cancer (Cottreau et al. 2000). Contradictory results have been seen in studies evaluating physical activity during leisure time and at work. A fairly large Italian study found lower rates of ovarian cancer among women reporting more physical activity at work, particularly among those women who reported active jobs during their younger years (Tavani et al. 2001). This study failed to find much evidence of an association with leisure activity level. In the U.S., a questionnaire study asking about leisure physical activity at various ages also found no links between activity level and ovarian cancer, except possibly at the most vigorous level of physical activity (Bertone et al. 2002). The large Nurses’ Health Study followed over 92,000 cohort members for sixteen years, during which 377 women developed ovarian cancer. Surprisingly, women who reported vigorous levels of physical activity had an increased risk of ovarian cancer in this study. The increased risk associated with physical activity was approximately 30-80% (Bertone et al. 2001). 

Occupational Exposures: Solvents, Aromatic Amines, and Organic Dusts:
Some of the research into ovarian cancer has focused on occupation. For example, some studies have reported associations between ovarian cancer and work in the dry cleaning industry, health care industry, and agricultural industry, whereas other studies have shown no increased risk of the disease among women working in these industries (Shen et al. 1998). Work in the graphics and printing industries has been repeatedly associated with an increased risk of ovarian cancer, with estimates ranging from a 60% increased risk to more than a doubling of risk of the disease (Shen et al. 1998). Because the graphics and printing industry often involves use of solvents, these chemicals have been implicated. Occupations in the telephone industry are associated with a 30% increased risk of the disease in several studies, raising questions about electromagnetic field (EMF) exposures (Sala et al. 1998).
More recently, a large study conducted in Sweden took advantage of the excellent Swedish census, as well as the cancer and death registries (Shields et al. 2002). All women who were employed during the 1960 or 1970 census were followed until December 1989. During that period, a total of nearly 1.7 million women were included in the study and nearly 9,600 cases of ovarian cancer occurred in these women. Occupational codes were used to classify likely exposures to factors as diverse as sunlight, heavy lifting, pesticides, diesel exhaust, solvents, and radiation. Because it is difficult for experts to accurately extrapolate occupational exposures simply from job and industry data, there was probably extensive misclassification in this study. Misclassification of this type tends to result in underestimates of any true associations between an exposure and a disease. On the other hand, because the study looked at large numbers of occupations and industries, there is a distinct possibility that apparent associations could occur by simple statistical chance. This large study supported some previous findings such as the increased risks in the graphics and printing industry and the telephone industry. Some of the most dramatic associations were among women who worked in the paper and packaging industry, as well as in the lumber and carpentry industry. These women had more than a doubling of their risk of ovarian cancer. Workers in the textile and shoe industries were also at increased risk. The authors noted that carcinogenic aromatic amines are commonly used as dyes in the shoe industry, graphics industry, and textile industry. Organic dusts are commonly found in the textile, leather, wood, and paper industry. This study did not find any association between ovarian cancer and exposure to solvents, pesticides, electromagnetic fields, sunlight, and physical activity.

Talc and Ovarian Cancer:
The potential association between use of talc powders in the genital area and development of ovarian cancer is extremely controversial. Talcum powder may be applied directly to the genital area after bathing, or may be sprinkled on sanitary napkins. In addition, talc may be used on condoms or on diaphragms. One experimental study found that carbon particles deposited in the vagina can travel up into the fallopian tubes within 30 minutes, implying that talc applied to the genital area may also do so (Egli and Newton 1961). A pathology study done in the early 1970’s found embedded talc particles in 75% of ovarian tumors sampled (Henderson et al. 1971). Talc has been suspected for many years because it is chemically related to asbestos, and because talcum powders in the past were contaminated with asbestos fibers. Women occupationally exposed to asbestos have been reported to have an increased risk of ovarian cancer (Keal 1960). In addition, one of the most common types of ovarian cancer, invasive serous cancers, very closely resemble mesotheliomas. Mesothelioma is a type of cancer that is specifically associated with exposure to asbestos. On the other side of the debate, several studies in which talc was injected directly into the ovaries of rats failed to identify significant increases in ovarian cancer (Wehner 2002).
Several retrospective studies comparing women with ovarian cancer and similar women without the disease, have reported apparent associations between talc usage and ovarian cancer. Some of these studies have reported only marginal associations, whereas others have reported risks up to nearly 2.5-fold (Chang and Risch 1997). Twelve fairly large case-control studies reported associations between talc exposure and ovarian cancer, whereas three small studies did not find any association. One study of more than a thousand women found that 45% of women with ovarian cancer reported using talc in their genital area, compared to 36% of women without the disease, leading to an overall increased relative risk of about 60%. Women who did not themselves use the powder, but whose husbands regularly used talc on their genitals also had a 50% increased risk of ovarian cancer. The only women in this study who failed to show such an association were those who had previously had a tubal ligation, implying that closing off the pathway from the external genitals to the ovaries may be protective (Cramer et al. 1999). In addition, use of talc prior to pregnancy was associated with a much higher risk than talc usage after pregnancy, implying that changes may occur in the ovary during pregnancy that may decrease susceptibility. The authors of this study predicted that approximately 10% of ovarian cancer cases in the general population may be attributable to talc usage.

The increasingly persuasive body of research on talc and ovarian cancer was called into question in February of 2000, when a prospective study was published looking at this issue as part of the very large Nurses’ Health Study (Gertig et al. 2000). Among the over 78,000 women in the cohort for analysis, 307 women were diagnosed with ovarian cancer by June of 1996. Previously, in 1982, all the women had answered questions about talc use in the genital area. The question was phrased to ascertain whether they had ‘ever’ used talc, making it difficult to ascertain when the usage occurred or whether it was ongoing. In this study, there was no overall association between use of talc and ovarian cancer, even when the researchers attempted to take into consideration numerous factors that could affect the association. However, there was approximately a 40% greater report of ever using talc among those women who later developed serous invasive ovarian cancers. The serous cell type accounts for more than half of all invasive ovarian cancers, has been linked to asbestos, and was previously associated with talc in another study.
A combined analysis of sixteen studies on talc and ovarian cancer included a total of 11,933 women (Huncharek et al. 2003). The pooled results of this analysis showed an overall 33 percent increased risk of ovarian cancer with talc use, which was statistically significant. However, the authors of the analysis nonetheless questioned the validity of this result for two reasons: first, there was no clear dose-response relationship where women who reported more or longer use of talc were at higher risk, and second, the studies that used comparison patients who were hospitalized with other diseases did not find any difference in talc usage, and only the studies that used healthy women for comparison found an association. The authors believed that this could mean that flaws in study design might explain the apparent association.

Herbicides and Atrazine:
A Italian study of women with ovarian cancer compared to women with other types of cancer found that those with ovarian cancer were 2.2-times more likely to be classified as “probably exposed to herbicides” (based on questionnaire information). Women with ovarian cancer were 4.4-times more likely to be classified as “definitely exposed”, due to reported personal use of an herbicide (Donna et al. 1984) . As in all questionnaire-based studies, the actual exposure was not measured and the possibility of errors in recollection exists.
Members of the same research group undertook a second case-control study in 1989; this one was in the general community, rather than hospital-based. They compared 69 women with ovarian cancer to women from the same municipal regions. On the basis of questionnaire data, they found that women with ovarian cancer were 1.9 times more likely to have been “possibly exposed” to triazine herbicides and were 2.7-fold more likely to be classified as “definitely exposed” according to their questionnaire responses (Donna et al. 1989). Triazine herbicides include chemicals such as atrazine, simazine, and cyanazine. Atrazine is the highest volume herbicide used in the United States, where it is chiefly used on corn crops in the Midwestern states and on sugarcane in Florida. Atrazine is the most commonly detected pesticide in streams, rivers, and lakes, and is present in the drinking water in some areas. Although atrazine does not cause ovarian cancers in laboratory animals, it is known to interfere with ovarian cycling by disrupting the pituitary gland hormones that regulate ovarian function. Pigs treated with relatively low doses of atrazine in one study developed multiple ovarian follicular cysts and cystic degeneration of secondary follicles, a picture consistent with abnormal stimulation of ovarian tissue (Gojermac et al. 1996). 

 

Summary
Ovarian cancer is almost certainly caused by a combination of genetic, hormonal, and environmental factors. It appears that hormonal cycling and ovulation may, over time, promote the development of ovarian cancer. Potential environmental links such as solvents, dyes, organic dusts (paper dust, wood dust) and triazine herbicides are based on very limited scientific data and remain uncertain. Vitamin D may be somewhat protective against the development of ovarian cancer. The data on the possible link between talc exposure and ovarian cancer are conflicting and do not permit a definite conclusion. However, it appears that there may be an increased risk associated with the use of talc in the genital area.
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Infertility is a term that is often used to describe the failure to have a child, despite unprotected intercourse. Demographers define infertility in terms of the absence of children. The American Society of Reproductive Medicine defines infertility as a condition that can be diagnosed when a couple fails to conceive within 12 months of unprotected intercourse. Approximately 10-15% of couples of reproductive age meet this definition of infertility. For the purposes of study, improved understanding, and descriptive demography, distinctions between fertility and fecundity are sometimes useful. Fecundity refers to the physiologic ability to have children and is sometimes defined as the probability of conceiving within one menstrual cycle, in the absence of contraception. 

Trends in infertility are difficult to determine or to interpret for several reasons. Perhaps most important, many couples now choose to delay childbearing for a number of years after reaching reproductive maturity. Fertility trends may be influenced by this choice, since fertility naturally declines with age, particularly after age 35. About one-third of women who defer pregnancy until the mid to late 30’s, and at least half of women over age 40, will have an infertility problem (Speroff et al. 1994). This is not a new phenomenon. Recent data, however, indicate that rising rates of infertility are not entirely explained by voluntary delayed childbearing. One report, for example, shows that even within specific age groups, impaired fecundity is increasing (Chandra and Stephen 1998). While impaired fertility increased between 1982-1995 by about 25% in all women aged 15-44, the increase was only 6% in women aged 35-44, 12% in women aged 25-34, and 42% in the youngest group. These data suggest that delayed childbearing does not fully explain the apparent upward trend and that even younger women are experiencing fecundity problems. 

Some of the apparent increased rates of infertility may result from increased reporting of fertility problems because of newly available treatments. Assisted reproductive technologies, including pharmaceuticals that stimulate ovulation and in vitro fertilization, result in successful pregnancies and increase the likelihood that a woman or couple will seek medical interventions. Access to medical care will also influence the likelihood that fertility problems will be identified and reported. As a result, trend analyses of infertility are subject to significant limitations and should be interpreted with caution. 

Infertility or impaired fecundity does not necessarily imply lack of conception. A couple might conceive, for example, but the fertilized egg might not implant normally in the uterus, or the developing embryo or fetus might not survive after implantation. Typically, this results in a miscarriage. If the loss occurs early, it might go undetected or the woman might think that her period is simply a few days late. For some women, early pregnancy loss (spontaneous abortion or miscarriage) may be a single event or may be recurrent. In the general population, about 50% of fertilized eggs do not progress to a viable pregnancy, and about 30% of pregnancies are lost in the first six weeks (Warburton 1987; Wilcox et al. 1988).

Infertility may result from male factors (estimates range from 20-50% of cases), female factors (about 30% of cases), and the rest are attributable to couple-dependent factors or are unexplained (Evers 2002; Irvine 1998). For purposes of understanding or treatment, the distinction among the causes can be important. 

 

Sperm Count Trends
The mature testis is comprised of developing sperm surrounded by a protective shield of Sertoli cells. Together, the immature sperm and Sertoli cells are arranged in tubules surrounded by a basement membrane. The cells responsible for testosterone production, Leydig cells, lie outside of the basement membrane. Until the onset of puberty the developing sperm and Sertoli cells are bathed in blood from the general circulation. Early in puberty, however, the Sertoli cells rearrange in tight formation along the inner aspect of the basement membrane, creating what is called the blood-testis barrier. This barrier provides partial protection to the developing sperm from exposure to some toxic substances circulating in the blood that might otherwise more readily enter the tubules. A normal sperm count is directly dependent on the appropriate number of healthy Sertoli cells. An adequate sperm count is important for successful reproduction. Semen quality is easier to measure than most female-related fertility factors, and as a result, some historical data are available that describe semen quality in men in various geographical locations.

Studies have reported sperm counts in the general population over many years with widely varying numbers. More than 25 years ago several hundred men undergoing vasectomy were reported to have an average concentration of 48 million sperm/cc of seminal fluid, and the authors wondered if this was evidence of a population-wide change (Nelson and Bunge 1974). Previous studies had reported an average sperm concentration of 100-145 million/cc (Hotchkiss 1938; Farris 1949; Falk and Kaufman 1950). It was, however, virtually impossible to draw any valid conclusions about trends from these data since it was unlikely that these individuals were representative of the general population or that the groups were comparable. 

A widely publicized study in 1992 ignited general concerns about falling sperm counts (Carlsen et al. 1992). This report included an analysis of 61 scientific papers published between 1938-1990 and concluded that there was evidence of a decline of the average sperm count in the general population from about 113 million/ml to 66 million/ml over this time frame. It is now generally agreed that sperm counts below 20 million/ml are quite likely to be associated with reduced fertility and many of the studies showed an increased number of men whose counts fell below that threshold. 

The 1992 study received considerable attention and sparked animated controversy. The limits of the analysis and the difficulties measuring sperm count trends were widely discussed. Subjects were not chosen in the same manner in each study; they differed in ways that might have affected semen quality. Different statistical and analytic methods had been used in the 61 studies. Variability of sperm counts within individuals, depending on the timing of the last ejaculation and other personal factors, made drawing conclusions difficult. Since 1992 several other studies have also documented a decline in sperm counts (Auger et al. 1995; Irvine et al. 1996; Van Waeleghem et al. 1996) while others have failed to find similar evidence (Vierula et al. 1996; Bujan et al. 1996; Paulsen et al. 1996). One study of a large number of men living in three areas in the US (Minnesota, New York, Los Angeles) found no general decline in sperm count but discovered marked geographical variations in sperm quality in these men (Fisch and Goluboff 1996; Fisch et al. 1996). Sperm counts were highest in New York, intermediate in Minnesota, and lowest in Los Angeles.

More recently, a reanalysis of the data from the 1992 report using a variety of statistical techniques and correcting for factors that might inappropriately influence the outcome concluded that statistically there has been a decline, on average, in sperm counts in the US and in Europe, but not in non-Western countries (Swan et al. 1997). 

Conflicting results of human sperm count studies continue to spark controversy and discussion (Irvine 1999). However, the apparent decline in sperm counts has now been placed in a new context. Using standardized methods, two recent studies show that semen quality can differ appreciably from one area to another. (Swan et al.2003, Jorgenson et al. 2001) Swan et al. found, for example, that men from semi-rural and agrarian mid-Missouri had markedly reduced sperm concentration and motility compared to men from more urban environments. The authors noted that the 1974 survey (Nelson and Bunge 1974) reporting lower sperm counts had also been conducted in an agricultural area (Iowa) and suggest that exposure to agricultural chemicals (pesticides) may play a role in regional differences in semen quality. Moreover, a large number of reports document the unequivocal impacts of environmental contaminants on wildlife reproductive health, including reduced sperm counts, reproductive failure, birth defects of the reproductive tract, and behavioral abnormalities (National Research Council 1999). This evidence, along with consideration of other human health trends, including certain birth defects of the male reproductive tract and testicular cancer, suggest that a more fundamental disruption of male and female development may be at work and that sperm count changes are only one manifestation of that process. 

 

Other Changes in Male Reproductive Health Endpoints
Some data suggest that the incidence of birth defects of the male reproductive system is increasing in some parts of the world. In the US, hypospadias, a malformation in which the urethral opening is on the underside of the shaft of the penis rather than at the tip is increasing according to an analysis of a national and state birth defects registry (Paulozzi et al.1997). The incidence of cryptorchidism, a condition also known as undescended testes, in which the testes do not descend into the scrotum during development, is increasing in some countries, though not in others (Paulozzi 1999; Toledano et al.2003). Variable methods of collecting data, variable inclusion criteria, and inconsistent reporting make it difficult to estimate trends of these conditions with precision. (Toppari et al. 2001) The incidence of testicular cancer has increased 2-4 fold over the past 30-40 years in some populations in the US, Canada, and Europe (Liu et al. 1999; McKiernan et al. 1999; Bergstrom et al. 1996). Danish researcher Skakkebaek coined the term “testicular dysgenesis syndrome” to describe how these various pieces of information may be related and have a common explanation (Shakkebaek 2002). This is further discussed below.

 

Causes of Infertility
In women or men, infertility can be caused by genetic or environmental factors, combinations of the two, or endocrine or immune system disorders (Nudell and Turek 2000; Foresta et al. 2002; Achermann et al. 2002; Hruska et al. 2000; Oliva et al. 2001; Sharpe 2000; Hatasaka 2000).

 

Female Factors
In the female, ovulation depends on a number of factors, including normal egg development during fetal life and complex interactions among hormones secreted from the brain, the pituitary gland, and the ovary after reproductive maturity. During the menstrual cycle, the concentrations of hormones, including estrogen and progesterone change dramatically, resulting in ovulation and preparation of the uterus for implantation of the fertilized egg. If this highly orchestrated and tightly controlled sequence of events is interrupted, infertility or reduced fertility may result.

In women, failure to ovulate normally can be caused by genetic or environmental factors, including toxic exposures. Endocrine problems such as thyroid disease can also interfere with normal ovulation. Based on the results of animal testing, considerable attention is now also focused on the role of fetal exposure to endocrine disrupting chemicals in ovulatory abnormalities. Failure to ovulate normally is responsible for approximately 40% of infertility in women (Speroff et al. 1994). 

In addition to failure to ovulate, female-related causes of infertility include abnormalities of the Fallopian tubes or other reproductive organs. Endometriosis or previous infections can cause obstruction or scarring of the tubes and interfere with fertilization of the egg or movement of the fertilized egg into the uterus. Hormone imbalances or exposure to some toxic chemicals can interfere with normal implantation of the fertilized egg and failure to maintain pregnancy. 

Pregnancy loss can also occur after successful implantation of the fertilized egg. Genetic studies indicate that as many as 50% of early miscarriages may be due to chromosomal abnormalities that may be of either maternal or paternal origin (Cramer and Wise 2000). Chromosomal abnormalities may be inherited or caused by environmental factors. Other causes of early miscarriages include direct damage to the developing embryo or fetus from toxic exposures, radiation, maternal genital tract abnormalities, maternal illness, and immunologic abnormalities.

 

Male Related Factors
Male causes of infertility include low sperm count, altered sperm motility, and abnormalities of seminal fluid. Reduced sperm counts can be caused by genetic factors, infections (e.g. mumps), anatomic abnormalities, heat, or exposure to toxic chemicals during fetal development or adulthood. Toxic chemical exposure can directly damage developing sperm. Fetal or pre-pubertal exposure to toxic chemicals can also permanently harm or reduce the number of Sertoli cells, resulting in a corresponding reduction in sperm count in the adult, since there is a direct relationship between Sertoli cell numbers and sperm count. Leydig cell damage can result in decreased testosterone production with indirect impairment of fertility.

 

Couple Dependent Factors
Couple-related causes of infertility include combinations of marginally reduced sperm counts, incompatibility between the sperm and cervical mucus, and sperm antibodies that interfere with normal sperm motility or egg penetration (Hatasaka 2000). Either the male or female may produce anti-sperm antibodies.

 

Toxic Exposures and Infertility
Table 1 (Hruska et al. 2000) lists some of the chemical substances that can impair fertility or fecundity in men or in women. No animal data are cited in Table 1, though numerous animal studies show reproductive impacts of many commonly encountered chemicals (Schettler et al.1999). In all of the studies cited in Table 1, the reproductive impacts were caused by exposures during adulthood. Many of the studies are published reports of men or women whose exposure occurred in the workplace. Occupational exposures are often, but not always, higher than exposures in the general population. For example, a pesticide applicator who works with pesticides daily is likely to be more heavily exposed than someone who uses pesticides only occasionally. Higher exposures are usually more likely to cause health effects than lower exposures. However, even short-term exposures during occasional use of pesticides or other potentially toxic substances can have health consequences if precautions are not taken. Exposures to solvents, for example, can be excessive in the home during renovation projects or hobbies without proper ventilation.

 

Table 1: Environmental factors reported associated with adverse outcomes related to infertility/decreased fecudity 
	Agent (exposure)
	Impact from exposure in women
	Impact from exposure in men

	Alcohol (ethanol) 
	Menstrual irregularities (1); 
	Not observed

	Perchloroethylene (dry cleaning fluid)
	Prolonged time to pregnancy (2,3); Miscarriage (conflicting data) (4,5,6,7)
	 

	Toluene (inks, coatings, gasoline,cosmetics, glues)
	Reduced fedundity (8); Miscarriage (9)
	Miscarriage in female partner (10); Hormonal changes (11); Decreased sperm count (12)

	Styrene (plastics, resins, rubber)
	Menstrual irregularities, reduced fertility, hormone changes (conflicting data) (13)
	Decreased sperm count (conflicting data) (14)

	Formaldehyde (resins for particle board, plywood, insulation, cosmetics, labs, rubber production, dyes)
	Menstrual irregularities, miscarriages (15,16); reduced fecundity (17) 
	 

	Glycol ethers (primarily short-chain) (electronics, deicing, inks, dyes, varnish, paint, printing, cosmetics, photography, some pesticides)
	Miscarriage; infertility (19,20)
	Decreased sperm count (18) 

	Solvent mixtures
	infertility (21); Reduced fecundity (22) miscarriage, menstrual disorders (23,24)
	abnormal sperm (25); Miscarriage in female partner; infertility (conflicting data) (26)

	Ethylene oxide (sterilant used in medicine/dentistry)
	Miscarriage (27)
	Miscarriage in female partner (28)

	Nitrous oxide (dentistry)
	Reduced fecundity (29)
	Miscarriage in female partner (30)

	Lead (paint, batteries, electronics, ceramics, jewelry, printing, ammunition, PVC plastic)
	Miscarriage (31,32)
	Low sperm count, reduced fertility (33,34)

	Chlorinated hydrocarbons (some pesticides, wood preservatives)
	Spontaneous abortion; infertility (35)
	 

	Dioxin
	Endometriosis (36)
	 

	Pesticides 
	Spontaneous abortion (37)
	Low sperm count (DBCP*; EDB**; 2,4D) (38,39,40); delyed time to pregnancy in partner (41)

	Cigarette smoke
	Infertility, reduced fecundity (42,43)
	Conflicting data (44)


* Dibromochloropropane—a soil fumigant no longer used in the US. DBCP was responsible for causing sterility of many chemical and farm workers in the US and other countries
** Ethylene dibromide—a pesticide and jet fuel additive. Contaminates groundwater in some areas of the country 

Many studies have reported the adverse impacts of solvent exposure on fertility and fecundity. The reproductive impacts of lead exposure are more likely to be seen in people with blood lead levels that are well above the national average. see note Workers in lead-related industries are probably at the highest risk, but some people are also excessively exposed to lead from contaminated dust in a house painted with leaded paint or from various hobbies. Most of the studies of the impacts of pesticides have been carried out in agricultural workers. In many cases, actual exposure levels have not been measured, and the reproductive health of workers has been compared to that of non-agricultural workers in order to estimate the risks. Studies of this kind may underestimate the risk of exposures because of misclassification of study subjects into the exposed or unexposed group. 

 

New Concerns About Early Life Environmental Exposures and Fertility
Between 1947 and 1971 millions of pregnant women in the US were given a synthetic estrogen, diethylstilbestrol (DES), with the hope that it might reduce the risk of miscarriage, despite the fact that it was ineffective. In 1971 a landmark study demonstrated that use of DES during pregnancy caused a rare cancer of the vagina and cervix in daughters who had been exposed in the womb. (Herbst et al. 1971). Subsequently other health consequences of fetal DES exposure became clear in both male and female offspring. In addition to vaginal and cervical cancer, girls exposed to DES during fetal life are at risk of developing other abnormalities of the reproductive tract and immune system disorders (Giusti et al. 1995). Boys who are exposed to DES during fetal development appear to be at increased risk of hypospadias, cryptorchidism, and decreased sperm counts, although sons have been much less widely studied and male effects are less certain. 

Hypospadias, cryptorchidism, and decreased sperm counts can also be produced in experimental animals by the administration of estrogenic or anti-androgenic substances during fetal development (National Research Coucil 1999). These endocrine-disrupting substances include a variety of pesticides, components of commonly encountered plastics (e.g., bisphenol A, alkylphenols, phthalates), glues and resins, detergents, hormones used in pharmaceuticals for humans and farm animals, byproducts of waste incineration (e.g., dioxin), and are in many other consumer products. 

Although the causes of testicular cancer are not well understood, young boys with cryptorchidism are at significantly increased risk of developing testicular cancer (Moller et al. 1996). Animal studies show that fetal exposure to some estrogenic substances can fundamentally disrupt testicular development, setting the stage for later emergence of testicular cancer (National Reserach Council 1999; Yasuda et al. 1985). The term “testicular dysgenesis syndrome” links these pieces of information together with a proposed common explanation (Shakkebaek 2002). In essence, studies of laboratory animals, wildlife, and humans show that fetal exposures to endocrine disrupting substances can fundamentally alter development. If the suggested trends in human male reproductive health are valid, they may result from alterations in male fetal development, reflected in multiple endpoints that appear at different times. That is, hypospadias or cryptorchidism may be present at birth, but testicular cancer and low sperm counts may not develop or become apparent for years. For these reasons, when considering the trends of infertility in humans and its potential environmental causes, it is important to consider 1) the fetal environment as well as the environment after birth and 2) the relationship of fertility factors, such as semen quality, to other measures of reproductive health and development. 

Concerns about the reproductive-health consequences of chemical exposures during fetal and childhood development are based on animal testing, wildlife observations, and limited human data. Unfortunately, few human studies have examined the impacts of early life exposure to endocrine disruptors or other toxic chemicals on reproductive function later in life. DES is an exception. A long-term analysis of the impacts of early life exposures to a wide variety of other substances on male reproductive function is missing from the scientific literature. For example, the extent to which fetal exposure to dioxin or substances that damage Sertoli cells during development might be responsible for a decline in human sperm counts over the last 50 years is simply unknown, yet the evidence is strong in laboratory animals. Similarly, the extent to which ovulatory dysfunction in adult women is caused by fundamentally altered hormone levels or hormonal feedback control loops, as a result of early life exposure to endocrine disrupting chemicals is unknown. 

Human studies designed to examine these questions are complex, difficult to carry out, and expensive. Studies that measure fetal exposures to substances of interest and then follow offspring as they mature and attempt to reproduce require decades and consistent, close follow up. A children’s health study, intended to measure a variety of contaminants in umbilical cord blood of a large cohort of children at birth and monitor a variety of health indicators as they grow and develop, is in the design phase (Children's Health Study). The results of that investigation will not be available for many years. Meanwhile, a central question requiring public discussion and policy decisions is the extent to which the results of animal testing, wildlife observations, and limited information about human health trends should be used now for protecting the reproductive health of humans and wildlife.

Getting the 'baddest of the bad' toxins out of you

Published: Monday, December 11, 2006 

Politics has always been a "blood sport." Now, sporting political players are fielding blood test results on how "toxic" they are.

Environment Minister Rona Ambrose, Health Minister Tony Clement, Liberal environment critic John Godfrey and NDP leader Jack Layton underwent blood and urine tests for 103 pollutants and contaminants.

The imminent release of the results by Toronto-based Environmental Defence will be the third in its "Toxic Nation" campaign. They, like all the others, will reveal specific pollution levels in key politicians -- and by extension, in their electors.

In 2005, in a much-publicized demonstration of people-pollution, Environmental Defence submitted blood samples from 11 people across country. They were looking for 88 chemicals.

They found 60 of them -- many with multiple health risks: 41 are suspected carcinogens, 53 can disrupt reproduction and development of children, 27 can disrupt hormones and 21 are tied to respiratory illness.

Earlier this year, Environmental Defence had the blood and urine of five families -- six adults and seven children -- tested for 68 chemicals. Researchers found 38 carcinogens, 23 hormone disruptors, 38 toxic to reproduction and development of children, 19 neurotoxins and 12 toxic to the respiratory system.

Among those chemicals whose levels were higher in children than adults were phthalates -- soft plastics found in many cosmetics, perfumes and polyvinyl chloride (PVC) consumer and building products. (Results are available at www.toxicnation.ca)

The compounds tested for in their sample of Canadians, says Environmental Defence, are now found in drinking water, soil, household dust, meat and dairy products, human blood and breast milk and in wildlife. They disrupt hormones and can cause birth defects in male reproductive organs.

Aaron Freeman was recently hired as Environmental Defence policy director. He's also a part-time law professor, author and former Nader Raider in Ralph Nader's Washington D.C. Center for the Study of Responsive Law.

The job timing is good, given the parliamentary review of Canada's key environmental law, the Canadian Environmental Protection Act and the proposed clean air legislation.

CEPA needs timelines, he says, to capitalize on the Canadian government's just-completed gargantuan categorization of about 23,000 chemicals in Canada. The analysis looked for "the baddest of the bad," he says, "and produced a prioritized list of products that need regulation."

On Friday, Prime Minister Stephen Harper unveiled a plan to crack down on toxic chemicals, placing the onus on companies that produce 200 of the most harmful substances to prove that they are safely managed. If they can't do so, the government will restrict or ban these substances. The $300-million plan also includes a list of chemicals that will be evaluated over the next few years, which could result in consumer products being pulled from shelves.

"This announcement is a significant first step," says Mr. Freeman. "It provides an action plan for some of the most serious chemicals. The next step is to make sure the overall system for regulating toxic substances protects the health and environment of Canadians.

What you should know about chemicals in your cosmetics


You slather, spray, and paint them on and rub them in. Cosmetics are so much a part of your daily regimen that you probably never think twice about them. If they're on store shelves, it seems reasonable to figure that they're safe to use, despite those unpronounceable ingredient lists.

But at least some of what's in your cosmetics might not be so good for you. One example is the family of chemicals known as phthalates (pronounced THAL-ates), which may be linked to developmental and reproductive health risks. The industry says phthalates are safe, but some companies have dropped them in response to public concern. Essie, OPI, and Sally Hansen, for example, are removing dibutyl phthalate (DBP), which is used to prevent chipping, from nail polishes. Other big-name brands that have reformulated products to remove some phthalates include Avon, Cover Girl, Estée Lauder, L'Oréal, Max Factor, Orly, and Revlon.

If you're trying to cut back on phthalates, however, sticking with these brands may not make much of a difference. You'll find phthalates in too many other personal-care products, including body lotions, hair sprays, perfumes, and deodorants. The chemicals are used to help fragrances linger and take the stiffness out of hair spray, among other reasons. They're also in detergents, food packaging, pharmaceuticals, and plastic toys. And they have turned up in our bodies.

Although phthalates show up in so many places, they're often absent from labels because disclosure is not always required. That's the case with fragrances. We tested eight fragrances and although none of the products included phthalates in its ingredient list, they all contained the chemicals. Some were made by companies that specifically told us their products were free of phthalates, and two even say as much on their Web sites.

Getting your nails done or spritzing on your favorite perfume obviously isn't going to kill you. But the health effects of regular long-term exposure, even to small amounts, are still unknown.


Makeup wakeup call

Companies that have eliminated phthalates are no doubt getting the message that people are paying more attention to ingredients. But public concern isn't the only factor driving the reformulations. Another reason is a European ban. Although the U.S. has outlawed just eight cosmetic ingredients, the European Union has banned more than 1,000. For companies that make cosmetics, complying with E.U. rules makes good business sense. It's more efficient to sell the same product worldwide. It's also good PR. About 380 U.S. companies have publicly pledged their allegiance to cosmetic safety by signing the Compact for Global Production of Safe Health & Beauty Products, under which they voluntarily pledged to reformulate globally to meet E.U. standards.

The reformulation trend is likely to gain further momentum from the California Safe Cosmetics Act of 2005, which took effect only this year. Manufacturers that sell over $1 million a year in personal-care products in the state must report any products containing a chemical that is either a carcinogen or a reproductive or developmental toxic agent. Among those that must be disclosed are the phthalates DBP and di(2-ethylhexyl) phthalate (DEHP). California plans make this information public, possibly on the Web, so some companies may choose to remove rather than report the ingredients.


Guinea pig nation

Despite the laws, pacts, and reformulations, questions about safety remain. Cosmetic industry critics argue that the Food and Drug Administration has not told companies what "safe" means, leaving them to make their own decisions. In fact, with cosmetics, the government generally takes action only after safety issues crop up.

Take the case of Rio hair relaxers. In December 1994, the FDA warned against two products sold through infomercials after consumers complained about hair loss, scalp irritation, and hair turning green. Rio announced that it would stop sales but there were reports that it continued to take orders. The California Department of Health then stepped in to halt sales and in January 1995, the U.S. Attorney's Office in Los Angeles filed a seizure action. By then, the FDA had received more than 3,000 complaints. Rio later reformulated and renamed its products.

The Rio case illustrates how holes in the government's cosmetic regulatory system can hurt consumers. The industry essentially regulates itself. The Cosmetic Ingredient Review panel, made up of physicians and toxicologists and funded by the industry's leading trade group--the Cosmetic, Toiletry, and Fragrance Association (CTFA)--assesses ingredient safety. Another industry group reviews fragrances and helps create safety standards. But manufacturers aren't obligated to do anything with this information.

"We're working on the honor system when it comes to cosmetics safety," says Jane Houlihan, vice president for research at the Environmental Working Group (EWG), a research and advocacy group. "In the absence of federal standards, we have a huge range of safety in the products we buy every day."

The FDA has made efforts to improve its ability to spot problems and issue warnings. The agency now has a computerized database, called CAERS, that collects reports of problems such as allergic reactions. Complaints can be sent via the FDA Web site or by calling a district office. But Amy Newburger, a dermatologist at St. Luke's-Roosevelt Hospital Center in New York City and a former member of the FDA's General and Plastic Surgery Devices Panel, says her experiences make her wonder about the system's effectiveness. In one case, she filed a report by phone and on the CAERS system after she and several of her patients got a rash with blisters after using an anti-aging treatment. It wasn't until a year later, in November 2006, that the FDA sent an e-mail asking her to complete some forms, she says. The FDA responds that it doesn't provide information or feedback to people who file complaints. It simply routes them to the appropriate office for evaluation. The FDA says it may also send reports to companies.


So what are the risks?

Scientists know very little about how repeated exposure to small amounts of phthalates in cosmetics may affect your health, if at all. But some studies suggest that the chemicals are present in our bodies.

In 2005, the federal Centers for Disease Control and Prevention reported that it had found breakdown chemicals from two of the most common cosmetic phthalates in almost every member of a group of 2,782 people it examined. A separate study published in the journal Environmental Health Perspectives (EHP) in 2005 showed that men who used the most personal-care products, such as after-shave and cologne, had the highest urinary levels of a breakdown product of diethyl phthalate (DEP).

In rodent studies, phthalates have caused testicular injury, liver injury, and liver cancer. We found no such clear hazards in human research. But we did find studies suggesting that phthalates may be associated with other health issues, including the following four examples from one source alone, EHP, which is a leading journal published by the National Institutes of Health. In 2000, EHP published a small study that said elevated blood levels of phthalates were associated with premature breast development in young girls. Another report in 2003 found that men with higher concentrations of two phthalate breakdown products in their urine were more likely to have a low sperm count or low sperm motility. A study published in 2005 said women with higher levels of four phthalate compounds in their urine during pregnancy were likelier to give birth to boys with smaller scrotums. And a 2006 report cited low testosterone levels in male newborns exposed to higher levels of phthalates in breast milk.

Experts in the industry and the government are aware of such reports but say there is no cause for alarm. The FDA, for instance, concluded after a thorough review of the literature that "it's not clear what effect, if any, phthalates have on health." And the CTFA, the industry trade group, notes that government and scientific bodies in the U.S. and Canada have examined phthalates without restricting their use in cosmetics. After the 2005 report linking phthalate exposure to smaller scrotum size, in particular, the trade group said, "The sensational and alarming conclusions being drawn from this single study are completely speculative and scientifically unwarranted."

Even companies that have dropped phthalates from products say they are safe. "This policy is driven by a wish to allay public concern and does not reflect concern with the safe use of the ingredients," Avon said after announcing that it would cut DBP from its product line. John Bailey, the CTFA's executive vice president for science, says ingredients like DBP in nail polish are simply not a hazard in such small amounts.

On the other side are some environmental and public-health advocates who say possible carcinogens and reproductive toxins do not belong in cosmetics, no matter how small the amount. "We take issue with the idea that a little bit of poison doesn't matter, because safer alternatives are available," says Stacy Malkan, communications director of Health Care Without Harm. "Companies should be making the safest products possible, instead of trying to convince us that a little bit of toxic chemicals are OK." While the scientific jury is still out, we at ShopSmart believe it makes sense to reduce your exposure to phthalates, especially if you're nursing, pregnant, or trying to become pregnant. See Cosmetic shopping for some tips.

A Fish Problem This Big
Scientists, policymakers debate growing EDC pollution in Idaho waters
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Whenever offered a glass of water, the great comedian W.C. Fields typically declined, on the grounds that fish have sex in it. But with the increasing spread of a class of chemicals called endocrine disruptor compounds (EDCs) in Idaho's watersheds, some experts wonder if local fish are at risk of losing their sexual and reproductive capacities.

Despite scarce funding, the ramifications for human health still prompt research in this area.

The potential hazards of EDCs were first discovered in the 1990s among fish and amphibians that gather downstream from sewage treatment plants in Europe. These waters contain abnormally high concentrations of organic chemicals such as steroids, nonprescription drugs, insect repellents, detergents, plasticizers, fire retardants, antibiotics, fragrances and household solvents and their byproducts. Aquatic biologists noticed that wild fish and frogs evidenced significantly increased rates of sex reversal, gonadal cysts and other reproductive tract tumors, dead tissue and decreased fertility. Intersexed or feminized fish, in which males grow both functioning testes and ovaries, have already been caught in rivers in Colorado, Washington state and Virginia, and in Lake Ontario. Because these intersexed characteristics make reproduction difficult, they tend to appear just before fish populations begin to decline.

EDCs are found in herbicides and pesticides, plastics, pharmaceuticals, residues from contraceptives and hormone replacements, cleansers, human waste and pollution from feedlots.

The latter are especially controversial. In 2006, residents in Weiser raised questions about possible contamination of their domestic water supply from hormones and antibiotics used by nearby Sunnyside Feedlots (BW, News, "Dirty Water," February 1, 2006). According to state officials, the Idaho Department of Health and Welfare expects to have the results of its study available for public comment in February.

Now, scientists have evidence that some of these EDCs, called xenoestrogens, might cause conditions such as testicular cancer, urinary tract birth defects, low sperm counts and the premature onset of menses in females among people who regularly drink water with these compounds in them.

Kai Elgethun, Ph.D., Idaho's state toxicologist, says the majority of xenoestrogens come from everyday personal-care products such as soaps, lotions, medications and cosmetics. While xenoestrogens are far less potent than estrogens proper, Elgethun says, they can accumulate in body fat and stay in the system a long time.

DDT is one of the most familiar xenoestrogens, but 2,4-D, the most commonly used herbicide in the U.S., and 2,4,5-T, used in Agent Orange, have also been in the news. Dioxins, the byproducts of burning plastics and rubber, are among the most hazardous xenoestrogens.

Researchers worry that policymakers are ignoring the hazards of this little-known pollution.

Jim Nagler Ph.D., an associate professor of biology at Idaho State University, operates a lab that examines the effects of environmental estrogens on fish fertility. He thinks that the issue of EDC leakage or dumpage into state waters should be a priority.

"In terms of what's actually out there, we have no clue, we have no baseline at this point," Nagler says. "What's in the Snake River? What's in the Clearwater River? Who knows?"

Papers written by Nagler and research associates about estrogens and other EDCs suggest that rainbow trout are susceptible to even short-term exposure to the chemicals.

Don Essig, administrator for water quality of the Idaho Department of Environmental Quality (DEQ), acknowledges that it's an emerging issue.

"[It's] probably something we should be paying attention to, but you can't have too many No. 1 priorities," Essig says.

Instead, Essig says, DEQ concentrates on biological examinations of water, not necessarily a lot of chemical analysis. "I'm sure we're going to be hearing about it more in the emerging future, [but] there's a zillion things out there that we just don't have the budget to study."

Given Idaho's relatively low population density, Essig surmises that Idaho is "probably better off" than more urban states. He attributes much of the contamination to household products such as over-the-counter medications, chemicals, antibacterial soaps and so on.

"The sewage techniques of the day don't treat those things, so they just pass on through," he says.

Essig's outlook differs from that of Boise City's water quality manager, Robin Finch.

"The dirty little secret in all this is that almost 90 percent of all pharmaceuticals manufactured in this country are made for agricultural use, and they're disposed of inside a watershed," Finch says. The issue crosses both municipal and agricultural lines, and demands some level of partnership.

"We need to partner with those guys for the sake of public protection," she says.

Local officials have been tracking the EDC issue since the European studies, but there are "a lot of questions that still need to be resolved before we can launch on this," Finch says.

Although a nationwide study by the U.S. Geological Survey included three Boise River sampling sites, Finch says the matter is "still a very researchy topic at this point."

"There's no standards, no monitoring requirements, no good understanding of threshold effects at either ecological or human health levels," Finch says. "We can identify about 60 to 70 compounds right now that have estrogenic effects, but there's potentially 10,000 out there."

While the USGS study found few target compounds at relatively low or medium concentrations, Finch says that the city is already looking at Seattle's "Flush No Drugs" campaign, which encourages residents to bring their outdated prescription drugs to fire stations for proper disposal, instead of flushing them down the toilet.

The USGS study's one-time reconnaissance of waste compounds in the lower Boise found several endocrine disruptors present, says Mark A. Hardy of the USGS.

The agency also looked for those compounds at several groundwater wells throughout Idaho.

Yet in an e-mail to Trout Unlimited (a trout and salmon conservation organization), forwarded to BW, Hardy does not comment on the data or their environmental and human health implications.

Carl Ellsworth, environmental manager of the Boise City Public Works Department, confirms that his department is aware of the EDC issue.

"It's definitely on the radar screen, and it's a pretty high-powered discussion; but our staff follow it, and we've had our consultants look at it," he says.

While there are "no standards yet, and the jury is still out, it's an issue we need to be on top of," Ellsworth says.

But he was reluctant to estimate what it might cost the city to start EDC monitoring because there are "a lot of unknowns and we don't have the answers yet."

The city currently examines its water supply and waste "for metals, phosphorus, fecal coliform, solids, volatile organics--but not on a routine basis," he says. The city relies on subcontractors to do the work.

Local conservation groups have not yet gotten active in this area.

Bert Bowler, native fisheries director for Idaho Rivers United, says that "it's relatively new ... I'm not aware of anything in Idaho going on about it."

Pam Smolzynski of Trout Unlimited agrees.

"This is a little bit cutting-edge for us," says Smolzynski. "People here know about it, but we don't actually track water quality." Much of Trout Unlimited's work focuses instead on watershed and fish habitat restoration. But Jack Williams, a senior scientist for Trout Unlimited, says in an e-mail that his organization has been "asking EPA about what they are doing with endocrine disrupting chemicals, but can't get a reply from them."

For now, state toxicologist Elgethun says that Idaho does not have any particular source of xenoestrogens that is different from other states or greater than other states.

"A greater long-term concern for waters nationwide are estrogens proper, which are present in discharge from most water treatment plants and can be present in discharge from [feed lots]," Elgethun says. There are no EPA standards for estrogens, but there are national drinking water standards for the majority of xenoestrogens.

"This discrepancy is a pressing concern for EPA," says Elgethun.

Whether Idaho's pollution concentrations or sources are different, the Gem State does have extra reason for caution, according to Jim Werntz, director of the Environmental Protection Agency Idaho Operations Office.

"Ninety-five percent of people in Idaho drink groundwater, which is the highest percentage in the nation," Werntz says.

While noting that EDCs are often associated with veterinary drugs from feedlots, Werntz says most of his agency's research deals with surface water and contamination from nitrates.

"There's not enough scientific basis right now for understanding hazards or setting minimum standards of water quality in regards to EDCs," Werntz says.

While standards remain unset, Idahoans continue to drink water and eat fish containing the chemicals.

The public policy implications of endocrine disruptors go even further than that, according to Conrad Volz, a national expert in the field. Volz serves as scientific director for the Center for Healthy Environments and Communities, and is the co-director of the Exposure Assessment and Control Division at the University of Pittsburgh Cancer Institute's Center for Environmental Oncology.

"[Endocrine disruptors] are very important, but remember the wide range of chemicals in everyday use," Volz says in a telephone interview with BW. "Whatever we flush down the toilet we wind up drinking, or ends up in the animals that humans are going to be eating. All these chemicals go into our waterways and are not entirely filtered out from the water supply."

Volz's own lab research suggests direct associations between exposure to such chemicals through eating fish flesh and fat. That leads to an increased potential risk for cancer of any tissue that is responsive to estrogen, potentially leading to ovarian, uterine and breast cancer, and potentially some effects on the prostate. All this has far-reaching implications, says Volz, "but what they'd mean is hard to say."

Volz's interest in fish and other species​​--what he call "bioindicators"--stems from a much wider concern with human health.

"Public health-wise, our biggest problem in the 21st century is water, what's in it, its overuse and nearby land development," Volz says. "In fact, water management policy is a national and even international security policy. Water is it."

Volz, who advises NATO on peace and security issues, believes that as pure water becomes a scarcer commodity, states should be designating restricted watersheds for strategic reasons.

"We need to be very careful because you cannot divorce the issue of chemicals going into our waterways from land development," says Volz. For example, the kinds of herbicides, pesticides and turf-topping compounds used in new subdivisions contain carcinogens that nonabsorbent pavement shunts away into culverts. Development distribution patterns also require rethinking.

"If we continue to break up our watersheds, we continue to degrade the ability of natural ecosystems to purify our water. There's bacteria that live in topsoil that can help break down these chemicals, but when you develop for thin layers of topsoil, a monoculture of grass instead of native species, and don't allow for larger trees, you reduce the ability of that area to hold and purify water."

Until zoning and development policies change, Volz urges people to consider how they use and discard everyday cosmetics, pharmaceuticals, disinfectants and antibacterial soaps, cosmetics, garden chemicals, batteries and objects containing heavy metals such as cadmium.

And it only gets more complicated as society's needs and tastes change. In the midst of all this, the Associated Press reported on December 26 that University of Washington scientists had detected elevated levels of caffeine, cinnamon, vanilla and artificial vanilla some 640 feet below the surface of Puget Sound.

Some researchers speculate that these substances, so essential to Seattle's most famous commercial product, may interfere with the ability of fish to detect food sources and egg-laying sites. Fisheries biologists point out that the findings demonstrate the migration and dispersion of organic substances via sewage systems.

"This is not just an ecological problem, but a human health problem," Volz says. "People need to realize that we are part of this chain, and that what goes down the drains comes back to us."

-- Peter Wollheim is a Boise State University professor. 

