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FQPA changes the rules for the risk assessment of pesticides 

The Food Quality Protection Act (FQPA) has dramatically changed the way that pesticides are regulated in the US.  Among other things, the new law requires EPA to determine that “there is a reasonable certainty that no harm will result from aggregate exposure to the pesticide chemical residue, including all anticipated dietary exposures and all other exposures for which there is reliable information.”  In other words, the law no mandates EPA to consider all routes of exposure, including drinking water and residential (home and garden) use in addition to residues in food. 

The importance of other non-dietary exposures is illustrated by the statistics on residential pesticide use.  For example, most families (98%) apply pesticides at least once throughout the year.  Pesticides may be used in a many ways, including in the home (about 80% of families), for yard weeds (57% of families) or flea or tick control on pets (50% of families) (Davis et al., 1992). In fact, due to variability in the diet and daily behavior, each individual will have a personal pattern of pesticide exposure that will differ from day-to-day and season-to-season.  

The EPA and the pesticide industry have been struggling to comply with the FQPA requirement for aggregate risk assessment.  When the FQPA was passed,  there was no established and well-accepted methodology for aggregating risks for a pesticide.  Reliable non-dietary exposure data were scarce for many pesticides, and the EPA Office of Pesticide Programs had no experience in regulating based upon aggregate risk.  Pre-FQPA risk assessments for pesticides were typically conducted on a use-by-use basis. Although years of safe use may suggest that a problem does not exist, carefully conducted studies that meet the requirement for reliable data are most often only available to predict residue levels in food and to assess worker exposure.  Prior to FQPA. regulatory officials were willing to assume that if a chemical was of little toxicological concern, as is the case for most of the pesticides used in and around the home, exposure assessment was not necessary.    

Chlorpyrifos as a Prototype for Aggregate Risk Assessment
The organophosphate insecticide, chlorpyrifos, is one of the most widely used pesticides in the world and has an extensive toxicology and exposure data base.  The depth and breadth of reliable information available for chlorpyrifos allows a more accurate determination of risk than is normally the case for a pesticide.  Furthermore, chlorpyrifos is one of the few insecticides that has widespread residential use in addition to agricultural use.  Thus, the aggregate risk assessment for chlorpyrifos will be one of the first to be conducted under the FQPA and will likely serve as a prototype for future risk assessments of pesticides and other chemicals to which consumers are exposed.

Determining the No Observable Effects Level (the NOEL)

The first objective of any risk assessment is to determine the NOEL, a level of exposure that causes no adverse effects.  The chlorpyrifos NOEL was determined from a full battery of animal studies and several clinical studies in humans.  These studies were conducted according to EPA guidelines and have been accepted by regulatory agencies throughout  the world.  The most sensitive toxicological effect and one of greatest concern is the inhibition of acetylcholinesterase, an enzyme responsible for the breakdown of the neurotransmitter, acetylcholine.   The excessive accumulation of acetylcholine at the junctions between nerves (the synaptic cleft) and between nerves and muscles (the neuromuscular junctions) results in a variety of clinical signs including excessive salivation, diarrhea, and extreme constriction of the eye’s pupils (miosis).  Symptoms include nausea, headache, and a tightness in the chest.  The inhibition of acetylcholinesterase and a related enzyme, butyrylcholinesterase, collectively called cholinesterases, has been measured in the blood of humans after single and repeated doses of chlorpyrifos.  Clinical effects are only observed at exposures greater than those that inhibit blood cholinesterases.  Thus, the NOEL is the dose of chlorpyrifos causing no inhibition of blood cholinesterases.  This level has been determined to be 30 micrograms (µg) per kilogram of body weight (kg) per day (d).  

Determining the Potential for Human Exposure

The next objective in a risk assessment is to determine the potential for human exposure.  Major uses of chlorpyrifos to which the consumer may be exposed include termiticide, crack-and-crevice, and lawn care applications.  The routes of exposure may be oral (from hand-to-mouth contact), dermal or from inhalation. Studies with humans (biomonitoring) have been conducted under actual use conditions to provide estimates of absorbed chlorpyrifos dose from all possible routes of exposure. In most cases consumers are exposed by inhalation to very low levels of residues that have been detected in the air of a home after professional treatment for termites or other pests.  The aggregate exposure to chlorpyrifos is determined by combining estimates of total absorbed dose with a background level of dietary exposure.  .  

The aggregate risk assessment for chlorpyrifos has focused only on those people who could be considered as “users,” defined operationally as persons exposed following termiticide, crack-and-crevice, or lawn care applications over the course of a year.  Aggregate integrated daily exposure to chlorpyrifos for the average adult user and child residing in a home receiving treatment and the very highly exposed individual (adult and child) were calculated and are shown in the table. The highly exposed individual represents the 97.5th percentile of exposure.  In other words, 98 out of every 100 persons classified as users would be expected to have less exposure than 1.4 µg/kg/d.   Because users represent less than 1% of the population, less than 2 out of every 10,000 individuals would have this exposure over the course of a year.

Integrated Daily Chlorpyrifos Exposure of an Average and Highly Exposed Adult and Child


Average (µg/kg/day)
Highly Exposed (µg/kg/day)

Adult
0.24
1.4

Child
0.41
1.7

The exposure estimates shown in the table represent selected days of the year, for example, when lawn treatment would be expected to occur.   Exposure on most days of the year would be less, even for that percentage of the population classified as highly exposed users.

Placing Exposures in Perspective

These exposure estimates can be placed into perspective by comparing them with the NOEL. The average exposure to chlorpyrifos for an adult is about 416 times less than the level shown in a study in humans to have no adverse effects on the most sensitive endpoint, inhibition of the blood enzyme butyrylcholinesterase that is itself of no known biological significance. 

FQPA emphasizes the protection of infants and children.  However, even the most highly exposed child would receive a maximum exposure that is 59 times less than a level shown to have no adverse effects in humans.  Put another way, no effect on the most sensitive indicator of toxicity, despite its uncertain biological significance, is expected to be observed in the most highly exposed of that small fraction of the US population classified as chlorpyrifos users.   Aggregate daily exposure for an average user is several orders of magnitude less than a level that would be of toxicological concern.  Exposure of the average non-user person is only from residues in the diet and thus would be even less than the exposure of users.  

The aggregate exposure estimates shown in the table are supported by dietary exposure estimates prepared by scientists working for the California Department of Pesticide Regulation (Cochran et al., 1995) and by limited biomonitoring studies in the general population.  The estimated exposures do not include all possible uses of chlorpyrifos, and it has been noted that exposure depends upon the method of application and the assumptions used regarding residue transfer and behavior patterns.  For example, certain discontinued chlorpyrifos uses such as aerosol foggers, have been reported to result in significantly greater exposures (Lu and Fenske, 1998).        

Conclusions

The requirement of the FQPA for the determination of aggregate exposure has forced a significant change in risk assessment methodology.  The calendar year approach to determine the aggregate risk for chlorpyrifos only considers selected days of exposure.  However, it represents an approach that can address this requirement for determination of daily aggregate exposure.

The aggregate risk assessment of most chlorpyrifos uses indicates no health concern for either the general population or for those individuals who are classified as the most highly exposed.  Chlorpyrifos benefits from having an usually strong foundation of data in the areas of both exposure and toxicity.  This data reduces the need to apply the many conservative, worst-case assumptions that are typically used in risk assessment.  The risk assessment for chlorpyrifos is based on “real world” exposure data and an estimated “safe level” of exposure to chlorpyrifos determined from an extensive battery of studies in laboratory animals and humans.  Chlorpyrifos serves as a prototype of aggregate risk assessment methodology for compounds with extensive toxicological and exposure databases.     

