Pesticide Illness 
Part 4:  Chronic Health Effects Laws and Regulations
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Part 4 of the curriculum will focus on the chronic health effects of pesticides. Relevant pesticide laws and regulations will also be described.

As with the previous parts of this curriculum, please refer to the speaker’s notes to supplement the PowerPoint slides.
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Four types of chronic health effects due to pesticide exposure will be covered in this section:  Respiratory (specifically, asthma), neurological, reproductive and developmental (considered together), and carcinogenic.
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Chronic effects of pesticides include both cumulative effects of low level exposures as well as persistent effects of acute exposure.

Clinicians evaluating individual cases should use the following tools to guide their decisions: (1) epidemiologic studies in occupational and environmental settings (2) specific effects associated with specific pesticides, rather than effects of classes of pesticides, and  (3) classification of reproductive and cancer toxicity by US EPA, International Agency for Research on Cancer (IARC), and other governmental or academic organizations.  For example, the State of California has a committee to evaluate and list chemicals that are carcinogens and reproductive toxins. This list may vary from those developed by US EPA and IARC.
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Studies examining the association between environmental and occupational exposures and chronic health effects should be interpreted with caution.  Some of the issues to consider are:

1. Information on pre-exposure effects that may affect the health effects observed are usually unavailable. 

2. Exposure, including duration, frequency, and intensity, is difficult to measure.
3. Selection of appropriate control groups is very important. Nonetheless, the question may remain if any observed differences are due to pre-exposure differences between groups.

4. Exposure usually occurs to multiple and variable compounds, requiring assumptions to make definitive associations with specific compounds.  The effects of interaction between multiple compounds are generally unknown and unaccounted for.

5. Because of the inability to control for all confounders and perhaps because of unknown exposure, assumptions are usually made to allow conclusions that health outcomes are the result of reported exposures.
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The incidence, prevalence, and mortality of asthma have increased in children over the past three to four decades, particularly in preschool children. Internationally, there are huge variations among countries and continents, with asthma rates highest in English-speaking countries (UK, New Zealand, Australia, and North America) and some Latin American countries (Peru and Costa Rica), and lowest in South Korea, Russia, Uzbekistan, Indonesia, and Albania. 

There is currently no unifying hypothesis to explain these trends or associated risk factors. Factors that have been considered to play a role in leading to asthma include:

· Air pollution: there is a fair amount of evidence that specific components of both outdoor and indoor air pollution cause exacerbation of existing asthma.  However, the role pollution plays in the incidence of asthma is unclear.

· Genetic factors affecting response to the environment play a role in most diseases.

· The hygiene hypothesis refers to the idea that reduced childhood respiratory infections are linked to increased incidence of allergy and immunologically-mediated disease, including asthma.

· Chemicals, particularly pesticides, have also been considered as a possible etiologic factor in the etiology of asthma.  There is no consensus that pesticides in general play a predominant role in asthma causation among children. Furthermore, no specific pesticide has been identified as being responsible for the increased incidence of asthma.

References:

Beard J et al. Health impacts of pesticide exposure in a cohort of outdoor workers. Environ Health Perspect. 2003; 111:724-30. 

Schneider D and Freeman N. Children's environmental health risks: a state-of-the-art conference. Arch Environ Health. 2001; 56:103-10. 

Smyth RL. Asthma: a major pediatric health issue. Respir Res. 2002; 3 Suppl 1:S3-7. Epub 2002.
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Pesticides have been associated with asthma in adults as well.

Two large studies, one in Canada and one in the Midwestern US, have suggested an association between pesticide exposure and asthma or asthma-like symptoms.  The use of specific pesticides (including atrazine, chlorpyrifos, paraquat, and parathion) was associated with wheeze in the year preceding the study. Statistical significance was barely reached for these associations, with the exception of atrazine, where the association was not significant.

The US study documented a statistically insignificant  association between use of carbamates and prevalence of asthma among male farmers.

Case reports exist in the literature of asthma following exposure to specific pesticides. Some are listed here.

Of those listed, pyrethrin is most commonly associated with asthmatic reactions, sometimes fatal.  

A case report exists of occupational asthma following exposure to tetramethrin, the only documented (in the literature) asthma case associated with a synthetic pyrethroid.  In a double-blind randomized study, asthmatic subjects reacted with airway hyper-responsiveness to certain insecticide aerosols containing the pyrethroids tetramethrin and allethrin compared to a “low irritant” formula.  According to this study, the solvent carrier and the piperonyl butoxide may have contributed to airway irritation in asthmatics.

Case reports have documented occupational asthma to chlorothalonil and fluazinam, fungicides which are known to cause allergic dermatitis.

References:

Draper A et al. Occupational asthma from fungicides fluazinam and chlorothalonil. Occup Environ Med. 2003; 60:76-7.

Hoppin JA et al. Chemical predictors of wheeze among farmer pesticide applicators in the Agricultural Health Study. Am J Respir Crit Care Med. 2002; 165:683-9. 

Karmaus W et al. Infections and atopic disorders in childhood and organochlorine exposure. Arch Environ Health. 2001; 56:485-92.

Senthilselvan A. Association of asthma with use of pesticides. Results of a cross-sectional survey of farmers. Am Rev Respir Dis. 1992; 146:884-7. 

Vandenplas O et al. Asthma to tetramethrin. Allergy. 2000; 55:417-8. 

Wagner S. Fatal asthma after use of an animal shampoo containing pyrethrin. (Letter to the editor). West J Med. 2000; 173:86-86.

Wax P and Hoffman R. Fatality associated with inhalation of a pyrethrin shampoo. J Toxicol Clin Toxicol. 1994; 32:457-60. 
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As mentioned, because pesticides are usually used in combination, it is difficult to accurately assess the health effects of chronic low-level exposure to individual pesticides. While some of the information on chronic neurological effects pertains to long-term effects of acute poisoning, other studies have examined workers with chronic exposure to specific types of pesticides.  

Studies of workers with long-term low-level exposure to organophosphate pesticides show increased vibration thresholds and clinical evidence of peripheral neuropathy. Chronic neurologic sequelae of acute organophosphate poisoning also include neurological symptoms such as dizziness, sleepiness, and headache, as well as neurobehavioral test abnormalities deficits in mood and cognition.  Case reports of neurological effects of frank poisoning due to organophosphate poisoning include clinically significant cognitive deficits (concentration, language, memory) and affective deficits (anxiety, depression, personality changes).

Long-term low-level occupational exposures to sulfuryl fluoride have been linked to abnormal function on tests of olfaction and some cognitive functions, although no widespread pattern of illness is reported.  While there are case reports of clinically significant cognitive and affective deficits following acute overexposure to methyl bromide, these effects have not been found in epidemiologic studies of workers with chronic low-level exposure.

It has been postulated that paraquat and other pesticides cause Parkinson’s Disease. Although there is much research into the etiologic agents of Parkinson’s Disease, this issue has yet to be resolved.
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In 1995, Aum Shinrikyo, a Japanese doomsday cult, released sarin, an organophosphate gas, into the Tokyo subway system.  A 35 year-old man riding the subway at the time was one of many exposed to the gas.   Shortly after exposure, he had observed 7-minute tonic-clonic convulsions and episodes of dyspnea requiring mechanical ventilation.

In the ER, he was comatose and slightly cyanotic; his pupils were constricted at 1.6 mm; profuse muscarinic symptoms were observed (seating, salivation, diarrhea, incontinence).  He was treated with atropine and 2-PAM for organophosphate intoxication.

He was conscious in 8 hours and mobile in 54 hours.

Plasma & RBC cholinesterase drawn in the ER were severely depressed.

Plasma cholinesterase levels remained depressed for 3 weeks; RBC levels did not return to normal for 3 months following exposure.

Reference:

Hatta K, et al. Amnesia from sarin poisoning. Lancet. 1996; 347:1343. 
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Neurobehavioral testing at 6 months after the incident revealed no global intellectual impairment. 

However, performance impairments (poor recall at 3 and 30 minutes) were present.

Retrograde amnesia was present to 70 days prior to exposure.

His affect was shallow and he was evaluated as “passive”. 

At 6 months, these results indicated mild neurobehavioral dysfunction.  However, because of the prolonged seizure episodes and dyspnea requiring intubation at the time of the initial exposure, the role of hypoxia versus toxic effects of the organophosphate nerve gas could not be definitively differentiated.

In a separate study, researchers documented a decline in memory function based on neurobehavioral testing in first responders (police officers, rescue workers) 3 years after the incident.

CNS dyfunction due to sarin gas has also been suggested in Gulf War veterans, although these results remain controversial. Animal studies suggest that low-level exposure to sarin may cause behavioral changes.

Reference: 

Nishiwaki Y et al. Effects of sarin on the nervous system in rescue team staff members and police officers 3 years after the Tokyo subway sarin attack. Environ Health Perspect. 2001; 109:1169-1173.           
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In the early 1980’s, a condition resembling Parkinson’s disease was observed in users of the street drug MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine), in chemists occupationally researching the chemical, and in experimental animals. The active metabolite of MPTP, MPP+ (1-methyl-4-phenylpyridinium), is capable of stimulating dopaminergic activity in the brain.   The structural similarity between MPTP, MPP+, and the pesticide paraquat led to the development of a theory that pesticides might be involved in the etiology of Parkinson’s disease.  

Much research has been devoted to investigating the role of paraquat in Parkinson’s disease, but the issue is still unresolved.  Some of the basic research remains controversial.  For example, there is disagreement as to whether paraquat actually crosses the blood-brain barrier as it would be required of an external agent causing Parkinson’s Disease.

Reference: 

Le Couteur DG, et al. Pesticides and Parkinson's disease. Biomed Pharmacother. 1999; 53:122-30.
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A variety of mechanisms have been shown to be experimentally related to the development of Parkinson’s disease. 

Various pesticides contribute to cellular toxicity through some of these mechanisms: direct cellular toxicity, mitochondrial toxicity, and modulation of metabolism.  While they are not proof of causality, these data suggest that it is biologically plausible that pesticides may contribute to the development of Parkinson’s disease.   

For example, dieldrin and rotenone are direct neurotoxins. Chlordane, paraquat, and permethrin are mitochondrial toxins.  Finally, DDT, organophosphates, and pyrethrins are modulators of metabolism.
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In order to assess whether pesticides cause Parkinson’s disease, other etiologic factors must be examined.

Genetics may be a factor in the development of Parkinson’s disease.  20% of cases have a positive family history.  Twin studies show that family history is important when onset of Parkinson’s disease occurs under the age of 50. When onset occurs over the age of 50, genetics does not play a strong role.  It is postulated that this finding may reflect familial variation in detoxification mechanisms.

Various environmental factors have been linked to Parkinson’s disease.  The following factors are most commonly associated in epidemiologic studies:

Having an occupation as a farmer; the risk increases with herbicide exposure

Living on a farm 

Self-reported history of any occupational pesticide exposure

While these studies suggest an association between pesticides and Parkinson’s Disease, they do not distinguish whether pesticides are initiators of the disease, act as promoters, or modify the effects that would occur in their absence.  

The etiology of Parkinson’s Disease, as with nearly all chronic disease conditions, is most likely multifactorial, even within the same individual.   That is, disease occurs as a result of a certain genetic make-up and the interplay among many exposures.

Finally, pesticides may also be confounders, associated with an as yet unidentified factor related to the causation of Parkinson’s Disease.

Reference:

Tanner CM et al. Parkinson’s disease in twins. JAMA. 1999;281:341-346.
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Some of the greatest concerns of pesticide exposure are related to reproductive or developmental effects. 

Reproductive toxicity refers to adverse effects on the reproductive system such as alterations of the reproductive organs or related endocrine system.

Developmental toxicity describes adverse effects on the developing organism resulting from exposure before conception, during prenatal development, or after birth, anytime until sexual maturation.

When assessing the reproductive and developmental effects of pesticides, it is important to take into account the timing of exposure.  It is also important to consider both maternal or paternal exposure.  Because health effects may vary, depending on whether maternal or paternal exposure occurred, they are usually considered separately.  While animal studies should be considered in the evaluation of reproductive toxicity, it is unclear if the effects observed in animals directly predict human effects.  This presentation concentrates primarily on human studies.

Reference: 

Sever LA, et al. Reproductive and developmental effects of occupational pesticide exposure: The epidemiologic evidence. Occup Med: State of the Art Rev. 1997; 12:305-325.
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The major endpoints that may be associated with embryonic effects of maternal exposure to pesticides are spontaneous abortions and fetal death, congenital malformations, and low birth weight as a result of intrauterine growth retardation.  Depending on the timing of the exposure, it is possible that an agent associated with one of these effects may cause another.

An analysis of various studies of reproductive and developmental effects found the following:

Various studies of maternal occupational agricultural pesticide exposure showed an association with spontaneous abortions and fetal death. Some studies showed an elevated risk of limb anomalies and orofacial clefts.  Occupations included gardening, ornamental flower workers, agriculture, forestry, and fishing. However, not all studies found such associations.  

The agricultural fumigant methyl bromide is well known animal reproductive toxin.  Although human studies are lacking, methyl bromide is considered a potential human reproductive toxin.

Scandinavian studies of the greenhouse industry show that dermal and inhalation exposure to pesticides may occur in greenhouses. Studies of pregnancy outcomes among greenhouse workers revealed reduced fecundability (increased time to pregnancy) and excess stillbirths.

References:

Abell A, et al. Time to pregnancy among female greenhouse workers. Scand J Work Environ Health. 2000; 26:131-136.

Nurminen T. Maternal pesticide exposure and pregnancy outcome. J Occ Environ Med. 1995; 37:935-940.
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The major reproductive and developmental endpoints associated with paternal exposure to pesticides are azospermia and oligospermia.  In addition, reduced sex ratio (fewer males births than expected), spontaneous abortion, and preterm delivery have been reported.

Dibromochloropropane (DBCP) is the prototypic male reproductive toxicant.  Following the discovery of infertility in male manufacturing workers due to azospermia and oligospermia, DBCP production and use was suspended in the US.

Two other pesticides, chlordecone (Kepone), and ethylene dibromide (EDB) are also spermatotoxic. Kepone is no longer registered in the US and EDB is a restricted use pesticide.

It has been proposed that reduced sex ratio is an indication of male endocrine disruption. Studies have suggested that exposure to certain pesticides (for example, both occupational exposure to DBCP and exposure through drinking contaminated well water) may be associated with a reduced sex ratio.  However, these results are not conclusive.

Paternal exposure to herbicides, insecticides, and organophosphates have been associated with spontaneous abortion and preterm delivery.

References:

Savitz DA, et al. Male pesticide exposure and pregnancy outcome. Am J Epidemiol 1997; 146:1025-36.

Whorton D, et al. Infertility in male pesticide workers. Lancet 1977; 2:1259-61.
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The data summarized in the previous two slides provides evidence that pesticides may be associated with various adverse reproductive and developmental effects.  However, with the exception of a few pesticides (DBCP, chlordecone), the associations are not definite.  Human epidemiologic studies of reproductive and developmental toxicity may contain methodological problems that should be considered before making definitive associations.  These problems are the following:

First, in most studies, occupation is usually surrogate for pesticide exposure.  Because individual exposures are rarely available, exposure assessment is typically poor.

Next, exposure is usually to multiple pesticides. Studies are rarely able to account for the effects of individual pesticides or the combined effects of exposures.  While individual pesticides typically produce unique effects, this is rarely accounted for in epidemiologic studies.

Another problem these studies face is that although the timing of exposures is an extremely important factor in determining developmental effects, the timing of pesticide exposure in individual cases is usually uncertain. 

Finally, confounding may result if control for other reproductive toxins is poor.
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A 34 year-old woman with a recent spontaneous abortion at 17 weeks gestation wants to know what caused her miscarriage. She asks if she and her husband can try for another pregnancy.

She has had 5 pregnancies, and has 2 live children. Including this pregnancy, she has had 2 spontaneous abortions; she has also had an intentional abortion. She has smoked 1/2 pack of cigarettes per day for 19 years. 

Her children (7 and 3 years old) are healthy. She has no pets. She uses pesticides occasionally in her garden, but doesn’t recall the last time she used them.

The fetal pathology report revealed multiple anomalies with one stub for leg, a shortened umbilical cord, and no genitals.
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The occupational history reveals that she is a seasonal worker in small seed-retailing business. She works 40 hours per week. She packages treated seeds in an unventilated basement. She wears a paper mask, latex gloves, and her street clothes. She does not change or shower after work. She does not smoke while packaging seeds.

She became pregnant one month after starting work. 

Her husband is a postal worker and other than outdoor air pollution, he is not exposed to reproductive or developmental toxins.  (When assessing reproductive and developmental toxicity, it is important to obtain a reproductive history for both parents.)
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The worker is able to obtain a list of the pesticides used to treat the seeds she packages.  The seeds are treated in a separate building; she is not sure how long they are allowed to air out.

The pesticides used to treat seeds are listed below.
-Captan is an animal teratogen.
-Thiram causes reduced fetal growth and survival at high doses.
-Methoxychlor is a teratogen at high doses; it is also estrogenic.
-Chlorpyrifos is not associated with reproductive or developmental toxicity.
-Carboxin produces fetal growth suppression at high doses.

The workers uses permethrin at home. It is associated with reduced fertility at high doses.

This history suggests that the worker may be exposed to pesticide residues in an enclosed space. Exposure is likely to be primarily dermal, but the risk of inhalation exposure may also exist.  Her use of personal protective gear and hygiene measures are poor.  Several of the pesticides are associated with reproductive and developmental toxicity. This suggests that occupational exposure may have contributed to the fetal pathology and resulting spontaneous abortion, but other factors should be considered.

Because of her previous miscarriage, she and her husband should receive genetic counseling to evaluate non-pesticide causes of spontaneous abortion.  She should be counseled to stop smoking and using pesticides at home.  Additional investigation of the workplace may be warranted.  Special attention should be given to the method of ventilating seeds, time interval between treatment and packaging, poor ventilation in the packaging room, and appropriate personal protective gear.  

Pregnancy should be attempted only after these issues are addressed. While occupational pesticide exposure should be reduced or eliminated for all workers, it is especially important to avoid exposure prior to conception and during pregnancy.
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Animal studies identify most potential carcinogenic pesticides. These typically  high dose ingestion laboratory studies can isolate the effects of a single agent but do not reflect human exposure conditions. There is also a concern that studies in non-human species may not accurately predict effects in humans.

Human data on the other hand yield limited associations with specific pesticides.  Human epidemiologic studies face the problems of multiple exposures and poor exposure assessment. 
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It is postulated that pesticides produce cancer through a variety of mechanisms: genotoxicity, tumor promotion, hormonal disruption, immunotoxicity, and peroxisome proliferation. Listed in this table are examples of pesticides that exert these actions at the cellular level.

Reference: 

Zahm SH, et al. Pesticides and cancer.  Occupational Medicine: State of the Art Reviews. 1997; 12:269-289.
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The International Agency for Research on Cancer (IARC) classifies the human and animal carcinogenicity of individual chemicals based on research data.  A partial list of pesticides with sufficient evidence for animal carcinogenicity is listed on this slide.
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Most of the information on pesticides and human cancer is obtained from studies of farmers.  

Farmers have low overall mortality due to other causes but higher than rates of cancers of the lymphatic and hematopoietic systems, lung, stomach, brain, testes, soft tissue sarcoma, lip, melanoma, and other skin cancers.  Sun exposure may contribute to the latter 3 cancers. Structural pest control operators, golf course superintendents, and some pesticide manufacturers, whose exposures are similar to farmers, have greater than  expected lung cancer mortality. On the other hand, farmers who do not smoke have a lower than expected rate of lung cancer.  These associations may be due to higher smoking rates in these groups or to higher respiratory exposures.  Because of the high rates of lung cancer mortality, IARC has classified the “occupation of insecticide spraying” as having limited evidence of carcinogenicity in humans. 

Although female farmers and female members of farm families have not been evaluated as extensively as male farmers, they appear to have excesses of similar cancers: lymphatic, hematopoietic, stomach, ovarian, and lip cancer.

Few studies have evaluated individual or classes of pesticides.  Other hazards to which farmers are exposed, such as solvents, fertilizers, and infectious agents, have also not been accounted for.
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Despite limitations, human epidemiologic studies have yielded associations between specific pesticides and cancer endpoints.  Some associations are listed here.  Arsenic and arsenicals are the only pesticides classified by IARC as having sufficient evidence of human carcinogenicity. 

Two of the associations listed here will be examined in a bit more detail: organophosphates and phenoxyacetic acid herbicides.
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Case control studies on farmers have linked the organophosphate class of insecticides to Non-Hodgkin’s lymphoma.  

A nationwide study of the disease also linked carbamates to Non-Hodgkin’s lymphoma. The organophosphates have also been linked to lung cancer and leukemia.  Although individual organophosphates have been linked to Non-Hodgkin’s lymphoma, these studies failed to account for multiple exposures to different pesticides.

References: 

Cantor KP, et al. Pesticides and other agricultural risk factors for non-Hodgkin's lymphoma among men in Iowa and Minnesota. Cancer Res. 1992; 52:2447-2455.

McDuffie HH, et al. Non-Hodgkin’s Lymphoma and specific pesticide exposures in men: cross-Canada study of pesticides and health. Cancer Epidemiol Biomarkers Prev. 2001; 10:1155-1163.

Zheng T, et al. Agricultural exposure to carbamate pesticides and risk of non-Hodgkin lymphoma. J Occup Environ Med. 2001; 43:641-649.
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Several epidemiologic studies among farmers and gardeners have shown a statistically significant risk between the use of chlorophenoxy herbicides 2,4-D and 2,4,5-T and Non-Hodgkin’s lymphoma.  However, not all studies have shown this association; studies in herbicide manufacturing workers have failed to yield associations. (Range of risk estimates of all studies 0.8-2.6).  Some of the negative studies have been criticized as having small sample sizes or having biased exposure assessment.  In the studies that found an association, the risk appears to be higher with greater number of applications and days of exposure.  

While some studies have also linked soft-tissue sarcoma to phenoxy herbicides as well as dioxin contaminants is some of the herbicides, other studies have failed to support this association.

References:

Dich J et al. Pesticides and cancer. Cancer Causes Control. 1997 May; 8:420-43. Review.

Fleming LE et al. Mortality in a cohort of licensed pesticide applicators in Florida. Occup Environ Med. 1999 Jan; 56:14-21.

Lynge E. Cancer incidence in Danish phenoxy herbicide workers, 1947-1993. Environ Health Perspect. 1998;106 Suppl 2:683-8. 

Kogevinas M et al. Soft tissue sarcoma and non-Hodgkin's lymphoma in workers exposed to phenoxy herbicides, chlorophenols, and dioxins: two nested case-control studies. Epidemiology. 1995; 6:396-402.
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Childhood cancers are the second leading cause of death for children between the ages of 1 and 14. Because the incidence of certain childhood cancers (acute lymphoid leukemia, CNS and bone tumors) has been increasing, attention has been focused on environmental factors as etiologic agents. Agriculture is one of the parental occupations suggested as posing an increased risk for childhood cancer.  Although agricultural occupations may involve exposure to a wide variety of chemicals, attention has focused on pesticides.

Malignancies linked to pesticides in case reports or case control studies include:
Leukemia 

Brain cancer (various)

Non-Hodgkin’s lymphoma

Wilm’s tumor, and 

Ewing’s sarcoma.

The strongest associations are with leukemia (acute lymphoid leukemia, acute non-lymphocytic leukemia, and unspecified types), and brain cancer (various types).  However, no specific pesticides are definitively linked with any of these childhood cancers.

References:

Buckley JD, et al. Pesticide Exposures in Children with Non-Hodgkin Lymphoma. Cancer. 2000; 89:2315-2321. 

Zahm S and Ward M. Pesticides and childhood cancer. Environ Health Perspect. 1998; 106(Suppl):893-908.
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Children may be at greater risk than adults for toxic effects due to pesticides for a variety of reasons.

Surveys have shown that 78-97% of US households use pesticides in the home, lawn, or garden, with an average of 3-4 products per home. The use of pet products and insecticidal shampoos contributes to exposure since children have frequent and close contact with pets.

Following pesticide application, residues persist in a vertical concentration gradient. That is, exposures are higher closer to the ground. Residues also deposit on toys, furniture.  Hand-to-mouth behavior, higher respiratory rates, and greater surface to volume ratios contribute to a higher respiratory and dermal dose for children compared to adults.

Reference:

Daniels JL et al. Pesticides and childhood cancers. Environ Health Perspect. 1997; 105:1068-1077.
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A review of childhood cancer studies identified several risk factors for childhood cancers:

· Parental home or garden pesticide use during pregnancy or nursing 

· Parental occupational exposure to pesticides prior to and during pregnancy, and 

· Prenatal exposure

Slide 30

The previous slides illustrate that numerous studies suggest that pesticide exposure may increase risk for some types of cancer. However, several  methodologic issues may reduce the ability to make definitive associations.

Case definitions may not be precise. Studies of mixed histologic subtypes of cancer grouped together are less likely to identify risks.

Recall bias, an issue that affects most case-control studies, may result in misclassification of cases.

Many studies are conducted with small sample sizes, which decrease a study’s ability to detect an effect if one is present.

Exposure assessment are usually crude, a problem common to many environmental epidemiology studies.

Since most studies are retrospective, the timing of exposure cannot be confirmed. It is unknown whether exposure occurs during the high risk period.  In most cases, the high risk period itself may be unknown.

Finally, genetic-environmental interactions, which may determine who is at risk are yet to be adequately evaluated.
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Just as with acute pesticide illness, the risk for chronic effects is chemical-specific.  Animal tests and human epidemiologic studies are used to characterize the risk for individual pesticides.  

Some of the strongest associations between pesticides and chronic disease to keep in mind are the following: 

Organophosphate exposure is associated with a variety of chronic neuropathies.

Chlorophenoxy herbicides are strongly associated with Non-Hodgkin’s Lymphoma.

Methyl bromide exposure is a known animal reproductive toxin.

The key to preventing chronic illness is to reduce human exposure to pesticides.  Important steps in this process are reducing industrial uses of pesticides, such as in agricultural operations, ensuring that where pesticides are used in the workplace, employers provide adequate protection to workers, and counseling patients about reducing or eliminating pesticide use in the home, particularly when a resident is a child or is pregnant.
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US pesticide regulations are numerous and complex.  At the federal level, US EPA has jurisdiction over pesticides.  There are 4 main federal regulations that govern pesticides:

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) (1972)

The Federal Food, Drug, and Cosmetic Act (1939)

The Worker Protection Standard (1992) 

The Food Quality Protection Act (1996)

These laws are covered in the next few slides. Internet links for more information on these laws is provided below.

States may have their own laws, some of which may be stricter than federal law.  This information can be obtained by visiting state government websites.
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FIFRA provides federal control over the distribution, sale and use of pesticides.

This law gives US EPA authority to study the consequences of pesticide use (i.e. study all aspects related to pesticide use) and requires users to register pesticide purchases.

FIFRA also requires examination in order to be certified as a pesticide applicator and registration and proper labeling of all pesticides.  Toxicity data are required to be submitted when registering a pesticide.  The pesticide label is a summary of the laws governing use of that compound.

Reference:

FIFRA: http://www.epa.gov/region5/defs/html/fifra.htm
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The FFDCA allows US EPA to establish tolerances (maximum legally permissible levels) for pesticides in food. 

The tolerances are enforced by the Department of Health and Human Services, Food and Drug Administration, and the Department of Agriculture, Food Safety and Inspection Service.  Only a fraction of the food found in markets is actually tested for pesticide content. Foods found to contain pesticide levels above the maximum allowed levels may not be sold to consumers.

Reference: 

FFDCA: http://www.epa.gov/oppfead1/fqpa/fqpa-iss.htm
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The Worker Protection Standard aims to reduce farmworker pesticide illness, (specifically, adverse acute and delayed-onset health effects) through regulation.

This standard requires employers to provide workers with training regarding pesticide hazards, hazard communication, decontamination and toilet facilities, both written and oral notification of pesticide applications, and provision of emergency medical care.

Reference: 

WPS: http://www.epa.gov/pesticides/safety/workers/workers.htm
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The FQPA requires US EPA to develop a single, health-based standard for all pesticides in foods.  US EPA is currently reviewing pesticides as required by this law.

The act requires US EPA to review tolerances for pesticide tolerances in food, emphasizing the most toxic pesticides, neurotoxins, and endocrine disruptors.  The current goal is to take into incorporate special protections for infants and children.  

Reference:

FQPA: http://www.epa.gov/opppsps1/fqpa/
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In conclusion, regulation is an important part of reducing pesticide illness. The US EPA has a complex set of laws aimed at protecting workers and the public from the toxic effects of pesticides used at work, in the environment, or on food. While regulation has been effective in reducing pesticide toxicity, they have not eliminated these effects. Thus, new laws may need to be developed or old ones may require ongoing revision.  

In addition to regulatory agencies, public health has an important function in documenting and helping to reduce illness through legislation or widely accepted changes in practice.  Surveillance programs document the magnitude of illness and types of illness and exposures that can be targeted for reduction.  One example of the latter is wider adoption of integrated pest management practices, organic or less toxic forms of pest control in agriculture and other settings.

