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EXECUTIVE SUMMARY 

Client 

 

Toxic Free NC is a 501(c)3 non-profit.  Toxic Free NC works specifically on pesticide pollution, 
and although it focuses on North Carolina, it looks at pesticide use around the world.  Toxic Free 
NC advocates for pesticide alternatives and for proper use of pesticides to avoid environmental 
contamination and exposure.  Based on the conclusions of the Master’s Project, Toxic Free NC 
may advocate for legislation at the state level. 
 

Policy Question 

 

Should North Carolina adopt a cholinesterase-monitoring program to monitor and prevent 

pesticide exposure among farmworkers and their families? 

 
Overview 
 
 Pesticide exposure among farmworkers and their families may present a serious problem 
in the State of North Carolina.  Currently, California and Washington State stand alone in their 
use of cholinesterase monitoring to monitor pesticide exposure.  These states test pesticide 
handlers.  This project assesses the utility of such a program in North Carolina and evaluates 
other policy options for reducing pesticide exposure among the state’s farmworker population. 
 
Problem Summary 

 
 Organophosphate pesticides are not only widely used but are also responsible for a 
number of cases of exposure.  Exposure to organophosphate pesticides can result in depressed 
acetylcholinesterase (cholinesterase) levels.  Cholinesterase is an enzyme necessary for proper 
nerve functioning.  Depressed cholinesterase levels are considered a sign of over-exposure to 
pesticides and are also considered a problem in and of themselves.  Although chronic pesticide 
exposure can cause severe health problems, including cancer, birth defects, neurological 
problems, and other concerns, little is known about the level of chronic pesticide exposure in one 
of the most exposed groups.  Pesticide handlers, non-handler farmworkers, and their families are 
exposed to pesticides on a routine basis.  However, the exact level of this exposure, or even 
reliable estimates of such exposure, is unknown.  The problem may be particularly severe among 
the children of farmworkers, who may be exposed both in residue brought home by the 
farmworker and by being in contact with the crops themselves. 
 The Worker Protection Standard, a federal law, has not been significantly modified since 
1992.  It does not include any provisions or guidance for children under the age of 12, despite the 
fact that younger children may accompany their parents in farmwork.  The cholinesterase 
monitoring programs that do exist do not collect data that would indicate the exposure among 
children.  Additionally, since they measure cholinesterase levels only for those pesticide handlers 
who have worked with pesticides for 30 or more hours in the past 30 days, their data cannot be 
used to estimate a dose-response relationship of pesticide exposure and cholinesterase 
depression.  
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 Moreover, the State of North Carolina does not have spare funding in the current 
economic and political climate.  Any actions taken by the client, at least for the immediate 
future, will need to rely on alternate sources of funding. 
 
Goals Used to Evaluate Options 
 
The policy options outlined below will be evaluated based on their ability to meet each of these 
four goals. 
 
• Collect data on the size and scope of the problem.  
• Create an early intervention system.  
• Improve compliance with Worker Protection Standard.  
• Reduce pesticide exposure among pesticide handlers, farmworkers, and their families. 
 
Recommendation 

 

1. Measure pesticide exposure among pesticide handlers, farmworkers, and non-
handler/farmworker family members by use of a survey conducted in cooperation with an 
academic institution. 

 

Recommendations Contingent on Supportive Data from Recommendation 1 

 

2. Modify the Worker Protection Standard. 
3. Institute an education program for state government agency (Health and Human Services and 

Agriculture) personnel as well as medical practitioners serving the agricultural community. 
4. Implement a cholinesterase-monitoring program. 
5. Hire more compliance inspectors and increase the number of compliance visits. 
 
Conclusion 

 
Particularly in North Carolina, where the farmworker population is reasonably large and 

agriculture is an important industry, it is vital that the size and scope of any pesticide exposure 
issue be scientifically documented.  Once the size and scope is established, action can be taken to 
reduce pesticide exposure as needed. 
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A. INTRODUCTION 

Farmworkers are being exposed to pesticides (Quandt et al., 2010, 635).  The toxic 

effects are both acute and chronic, and occur among migrant and seasonal farmworkers 

(MSFWs) (Hansen & Donohoe, 2003, 157).1 Low-level exposure occurs among almost all 

farmworkers and their families and this exposure is linked to negative health effects (GAO, 

March 2000, 10). Farmworkers may experience the poisoning from direct or indirect exposure 

(Hansen & Donohoe, 2003, 157). The majority of the poisonings occur during field work 

(Reeves & Rosas, 2003, 20). In addition to farmworker exposure, family members of the 

farmworker may be exposed (Arcury et al., 2005, 41).  

Toxic Free NC is a 501(c)3 non-profit.  Toxic Free NC works specifically on pesticide 

pollution, and although it focuses on North Carolina, it looks at pesticide use around the world.  

Toxic Free NC advocates for pesticide alternatives and for proper use of pesticides to avoid 

environmental contamination and exposure.  Based on the conclusions of the Master’s Project, 

Toxic Free NC may advocate for legislation at the state level.  Toxic Free NC has asked the 

question:  Should North Carolina adopt a cholinesterase-monitoring program to monitor and 

prevent pesticide exposure among farmworkers and their families? 

In answering this question, I first tried to determine the scope of pesticide exposure.  

However, it is very difficult to gauge the true extent of the poisoning among the MSFW 

population nationwide. The chronic effects of pesticide exposure are generally known, but 

specific data on chronic effects, including long-term costs and treatment options, are not well 

known (GAO, March 2000, 10).  Even the United States Environmental Protection Agency 

(EPA) is incapable of determining incidence or prevalence of farmworker illnesses due to 

pesticide exposure, though the EPA believes that significant numbers of pesticide poisonings are 

                                                
1 See Appendix A for information on the demographics of MSFWs. 
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occurring among this population (Hansen & Donohoe, 2003, 157). Although farmworkers work 

with a variety of chemicals, organophosphate pesticides are the culprit for most occupational 

deaths and poisonings in the United States and worldwide.   

Organophosphate pesticides (OPs) block the production of acetylcholinesterase 

(abbreviated cholinesterase herein), a critical enzyme in the nervous system (Reeves & Rosas, 

2003, 23).  Cholinesterase “is the most commonly used biomarker” for “both short-term and 

chronic exposure” for organophosphate pesticides (Arcury & Quandt, 1998, 838). Cholinesterase 

measures reflect long-term and short-term exposures (Arcury & Quandt, 1998, 838). Depression 

of cholinesterase levels is “an unambiguous indication of exposure to cholinesterase-inhibiting 

pesticides” (Ciesielski, Loomis, Mims, & Auer, 1994, 446-447).  

The cholinesterase levels “can be examined without knowing the specific pesticides 

involved because no other significant environmental exposures lower erythrocyte cholinesterase” 

(Ciesielski et al., 1994, 448) [italicized in original].2 The cholinesterase levels, if depressed, are 

indicative not only of exposure but also biological impacts (Ciesielski et al., 1994, 446-447). 

Repeated measures of cholinesterase levels are the best method of determining cholinesterase 

depression (Quandt et al., 2010, 635). However, there is still debate in the research community 

over whether levels too low to cause symptoms can be detected by cholinesterase levels (Quandt 

et al., 2010, 635).  

                                                
2 Because individuals have their own “normal values for cholinesterase,” and because of “the essentially irreversible 

binding of organophosphorus pesticides to red blood cell cholinesterase” and the “120-day half-life of red blood 

cells,” the best way to detect depression of cholinesterase is repeated measurement.  Although metabolites are more 
commonly measured to determine exposure, metabolite measurements “require knowledge of what pesticides have 

been applied.” However, cholinesterase measurements do not require this knowledge.  Moreover, some OP 

pesticides, like “acephate, which is used extensively on tobacco,” do not “affect the common DAP metabolites.”  

Thus, cholinesterase measurements provide a better method for testing pesticide exposure (Quandt et al., 2010, 635, 

638-639). 
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It is chronic exposure, often at low levels that may not result in obvious symptoms, that is 

“the appropriate focus for much of the concern with farmworker health and agricultural 

chemicals” (Arcury & Quandt, 1998, 831).  Although Washington State and California have 

cholinesterase monitoring programs, there is little information about the incidence of health 

effects because the programs look only at pesticide handlers.  Washington State’s cholinesterase 

monitoring program “requires employers to record all hours that a worker handles (mixes, loads, 

applies)” OP or carbamate pesticides that contain warning labels.  Those workers that handle 

“these pesticides for 30 or more hours in any 30-day period must participate in a cholinesterase 

monitoring program.”  The monitoring program uses changes in individual levels of 

cholinesterase to determine exposure (L&I, January 2006). The Washington State uses 

depressions of greater than 20% from the individual baseline to determine overexposure 

(WADOSH, January 10, 2008, 2). California also has a cholinesterase-monitoring program that 

has existed since 1974.  The California program also looks at handlers (L&I, December 2, 2003, 

9).3  

This report will outline the pesticide-exposure problem in North Carolina to the extent 

possible.  I will describe the health impacts of pesticide exposure for farmworkers and their 

families.  Generally speaking, exposure pathways are known even if the extent of exposure is 

unknown.  In this section, I will also discuss the use of elevated cancer risk and potential 

removal rates due to exposure as proxies for the lack of data on pesticide exposure in North 

Carolina.  I will also describe the general structure of agriculture in North Carolina, as well as 

the regulatory enforcement environment surrounding this structure. 

                                                
3 See Appendix B for more information on the monitoring programs. 
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The next section will describe my recommendation in detail, a survey to document the 

size and scope of the problem in North Carolina.  I will present the logical basis for needing this 

survey as well as aspects of survey design.  Following this option, I will describe two options for 

reducing pesticide exposure.  These options would be implemented if the survey documents that 

there is an over-exposure problem in North Carolina.  The two options are a cholinesterase 

monitoring program and an expansion in the number of compliance inspectors and inspections.  

Finally, I will attempt to quantify the economic benefits of some of the health aspects of these 

programs. 

 

B. THE PESTICIDE-EXPOSURE PROBLEM IN NORTH CAROLINA 

 

1. PESTICIDE AND HEALTH OF FARMWORKERS 

 
a. Health Effects. 

The types of pesticides used vary by crop and by season (Arcury & Quandt, 1998, 834). 

All persons employed in agriculture are “exposed to chemical to some degree,” ranging from 

acute poisoning to “low-level and chronic” exposure to residue.  Farmworkers may not be aware 

of this type of exposure because they may not be able to “see, smell, or taste a chemical” (Arcury 

& Quandt, 1998, 835). Organophosphate (OP) pesticides “are among the most widely applied 

and toxic agricultural pesticides,” and “are applied to crops ranging from tobacco and Christmas 

trees to vegetables and orchard fruit” (Arcury et al., 2005, 41). OP pesticides “affect the nervous 

system in reducing the amount of acetylcholinesterase (AChE) enzyme at nerve endings” 

(Arcury et al., 2005, 41). 
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 Farmworkers themselves are not the only ones exposed to pesticides:  “family members, 

especially children,” also experience exposure (Arcury et al., 2005, 41). One study found that 

every member “of farmworker households have measurable levels of OP metabolites in their 

urine samples,” with most having levels over the 50th percentile and “many the 90th percentile” 

(Arcury et al., 2005, 49). OP metabolite levels were higher in the Spring season (April through 

May) than in the Summer season (August through September) (Arcury et al., 2005, 50). 

Acute pesticide poisonings are not “the appropriate focus for much of the concern with 

farmworker health and agricultural chemicals” (Arcury & Quandt, 1998, 831). Instead, the focus 

should be “chronic, low-level exposure, particularly exposure to chemical residues” because 

chronic exposure is much more common and impacts farmworkers who are not supposed to have 

direct contact with pesticides (Arcury & Quandt, 1998, 831).  This statement is not intended to 

diminish the health issues that acute exposure can create.  Rather, it is meant to distinguish 

between acute pesticide exposure, which is rare among professional pesticide handlers and 

farmworkers, and chronic pesticide exposure, which is believed to impact farmworkers and their 

families to a great extent.  This exposure may involve residues on the crops themselves that 

remain after restricted-entry protocols are lifted.  Farmworkers may not even be aware of the 

chronic exposure because they cannot detect it with sight, smell, or taste (Arcury & Quandt, 

1998, 835).4  

 The US EPA is incapable of establishing precise national estimates of incidence or 

prevalence of pesticide-related illness in the agricultural sector.  The “[c]hronic, long-term 

effects are rarely documented,” leaving an even larger information gap (Reeves & Rosas, 2003, 

21). Because of this lack of detection on the agency level as well as the individual level, 

farmworkers may be exposed for long periods without knowing it.  Such chronic, long-term 

                                                
4 See Appendix C for more information on acute pesticide exposure. 
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exposure “may cause permanent neurological deficits, such as peripheral neuropathy or deficits 

in motor skills, memory (or, attention), and cancer” (Hansen & Donohoe, 2003, 157). One 

survey estimated that 12% of farmworkers had worked with pesticides in the previous twelve-

month period.  A 1992 GAO report, among others, found that low-level exposure can 

significantly impact long-term health (GAO, March 2000, 15; Kandel, July 2008, 31). Health 

effects from this exposure can also include impotence and birth effects.  The exposure may also 

result in depression (Arcury et al., 2005, 41). Sterility is also a possible health impact from 

chronic exposure (Arcury et al., 2007, 1254). 

 Farmworkers can experience pesticide-related sickness even when following the legal 

application guidelines (including protective gear and hygiene recommendations) (Reeves & 

Rosas, 2003, 16). General pesticide health effects “include neurobehavioral and endocrine 

dysfunction, genotoxicity, cancer, and respiratory disease” (Acosta, Chapman, Bigelow, 

Kennedy, & Buchan, 2005, 238) This type of exposure is linked “to depressed cholinesterase 

levels, an indicator of exposure” (Arcury & Quandt, 1998, 832). Long-term health effects of 

pesticide exposure can include “birth defects, cancer, genetic damage, spontaneous abortion, 

sterility in both men and women, chronic skin irritation, allergies, and damage to the liver and 

other organs” (ASH, 1997).5  

                                                
5 See Appendix D for information on a study of cancer incidence among farmworkers in California. 
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b. North Carolina Laws.  

North Carolina requires training and licensing for all pesticide applicators. A 1994 study 

in North Carolina found that none of the workers who had low cholinesterase levels and who 

were pesticide applicators were licensed (Ciesielski et al., 1994, 448). The North Carolina 

Administrative Code requires physicians to report pesticide-related illness or injury, but only for 

those illnesses or injuries for which symptoms occur within 8 hours of exposure.  These are 

considered acute illnesses or injuries, and must be reported within 48 hours if non-fatal, or 

immediately if fatal.6 Other requirements include: 

1. Grower-provided basic training about pesticides.  More advanced training is 
required for mixers or applicators. 

2. Grower-provided water, soap, and paper towels must be located within ! mile 
of the field. 

3. Inspectors from the NC Department of Labor cannot reveal the name of 
complainants to foremen or growers.  Workers may not be fired for exercising 
their legal rights (ASH, 1997). 

 
In recent years, the State of North Carolina has recognized the need to improve pesticide 

exposure monitoring among farmworkers.  In North Carolina, Session Law 2008-212 (enacted in 

August 2008) extended protection against retaliatory action to agricultural workers, such that the 

workers could now file claims and complaints against their employers without fear of retaliation 

in any matter.  Recordkeeping requirements regarding pesticide application were also made 

stricter and more in-depth.  The Session Law also called for the implementation of the 

recommendations of the Governor’s Task Force on Preventing Agricultural Pesticide Exposure.7 

However, implementation was not mandated.8  

                                                
6 ("Physician Reporting of Pesticide-Related Illness or Injury, Chapter 41, Epidemiology Health, Title 10A Health 

and Human Services, North Carolina Administrative Code, 10A NCAC 41F.0100, et.al.") 
7 ("Prevent Agricultural Pesticide Exposure, N.Carolina S.L. 2008-212", 2008) 
8 See Appendix E for more information on the Task Force. 
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c. Federal Laws Resulting From Health Effects.   

There are a number of federal laws that deal with pesticide exposure among farmworkers.  

The Worker Protection Standard for Agricultural Pesticides (WPS) encompasses rules through 

the U.S. Environmental Protection Agency “aimed at reducing pesticide exposure among 

agricultural workers (40 CFR 170)” (Calvert & Higgins, 2010, 189). The Environmental 

Protection Agency’s Worker Protection Standard (WPS) has an educational component that 

encourages exposure prevention.  Recommended measures include using personal protection 

equipment and improving personal hygiene; however, studies show that farmworkers, and those 

who reside with them, are still being exposed to pesticides (Quandt et al., 2010, 635). The WPS 

includes, among other standards, time restrictions on entry into fields after pesticide application, 

personal protection equipment requirements, pesticide training, information on pesticides being 

applied, and provision of washing facilities (GAO, December 1993, 4-5).  

Although WPS training seems to increase “pesticide knowledge among 

farmworkers…the extent to which this knowledge is put into practice has not been reported” 

(Acosta et al., 2005, 238). As mentioned below, farmworker populations have specific health 

beliefs about pesticides and pesticide exposure.  The “perceived risk has been correlated with 

pesticide information and adoption of safety-related behaviors”; WPS programs may not deal 

properly with these perceived risks and beliefs (Acosta et al., 2005, 238). In particular, the WPS 

training does little to cover “information about pesticides that can be taken home on the clothes, 

boots, and skin of workers, and about how to reduce or eliminate the amount taken home” 

(Arcury et al., 2007, 1259).9  

                                                
9 See Appendix F for more information on federal laws. 
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The WPS was not designed to protect children under the age of 12 (GAO, March 2000, 

5). Parents may be forced to take young children (5 years old or younger) with them into the field 

due to lack of options for childcare (GAO, March 2000, 6). Executive Order 13045, Protection 

of Children From Environmental Health Risks and Safety Risks, required every federal agency to 

“assess environmental health risks that may disproportionately affect children.”10 Two rules of 

interest to this study are currently in the pre-proposal stage.  The first, a revision to the WPS, is 

intended to improve protections against potential exposure with a particular concentration on 

reducing exposure throughout children’s life stages, including prenatal.11 The second rule, a 

revision to the certification process for pesticide applicators, is intended to improve the same 

issues as the former.12 

 

2. PESTICIDE EXPOSURE IN COMMERCIAL FARMING 

 

a. Exposure Pathways. 

All agricultural workers experience some degree of chemical exposure (Arcury & 

Quandt, 1998, 835). The potential for exposure to pesticides is present for those who work in 

orchards, or on vegetable, root, or row crops, as well as ferns and flowering plants, and 

ornamentals and tree farms (Arcury & Quandt, 1998, 833). Workers may be exposed to pesticide 

at any point during field work, including weeding, irrigation, field packing, and picking (Reeves 

& Rosas, 2003, 20). The amount and frequency of pesticide use vary not only by crop but also by 

season (Arcury & Quandt, 1998, 833). 

                                                
10 ("Protection of Children From Environmental Health Risks and Safety Risks", April 21, 1997; GAO, March 2000, 

9) 
11 ("Agricultural Worker Protection Standard Revisions", Initiated September 26, 2005. Projected Enactment 

January, 2012.) 
12 ("Certification of Pesticide Applicators", Initiated September 26, 2005; Projected Enactment January, 2012.) 
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In North Carolina, farmworkers use a number of organophosphate pesticides, including 

the insecticides acephate, chlorpyrifos, dimethoate, and malathion.  Farmworkers also may be 

exposed to the organophosphate pesticide methamidaphos, which is used on cotton, dimethoate, 

and malathion from drift and other environmental pathways (Arcury et al., 2010, 805). Studies 

have demonstrated that pesticides are present in farmworker dwellings, in farmworkers 

themselves, and in non-farmworker co-residents (Arcury et al., 2005, 41). Exposure pathways 

include: 

1. Reexposure to pesticide from wearing the same clothes on 2 or more days 
(Quandt et al., 2010, 638). 

2. Lack of handwashing (Quandt et al., 2010, 638). 
3. Contamination of farmworker housing via pesticide drift from close by 

agricultural operations; pesticide residue brought home “by farmworkers on 
skin, clothes, boots, containers, produce, and in vehicles”; and direct 
application of pesticides to housing. This exposure pathway is thought to be 
the main exposure concern for children and non-farmworker family members 
(Arcury et al., 2005, 41; Quandt et al., 2010, 638; Thompson et al., 2008, 
687). 

4. Unavailability of adequate laundry and bathroom facilities (which increases 
chance of pesticide residues remaining on clothing and skin) (Quandt et al., 
2010, 638). 

Those exposure pathways detailed above that are not occupational pathways are more 

limited in their impact, but still present a gateway for pesticide exposure (Tutor, Zarate, & 

Loury, 2008, 308).13  

                                                
13 See Appendix G for data on exposure pathways. 
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b. Estimating Scope of Problem in North Carolina.
14

 

Although there is no data specific to North Carolina, we can estimate what the scope of 

the problem could be based the medical removal rates for Washington State, predicted as 1.2%, 

3.0%, and 4.8% of the participating handlers. These figures are the low, central, and high 

estimates, respectively, for the number of handlers who would be medically removed due to 

cholinesterase depression, as calculated by Washington State (L&I, December 2, 2003, 20-21). 

These estimates apply only to pesticide handlers and do not provide estimates for the potential 

medical removal rate of farmworkers or family members. Since the Washington State program 

produces results clustered around the 30-hour mark, I have decided to use these predicted high, 

mid, and low counts instead of trying to calculate ranges based on actual results.15  

c. Agricultural Demographics In North Carolina. 

 In North Carolina, there were 52,913 farms in 2007.  The majority of these farms are in 

the 10-49 acre range (20,772 farms) or the 50-179 acre range (17,830 farms) (NASS, 2007, 7 

Table 1). According to 2007 data, North Carolina’s farms are involved in multiple types of 

farming, including vegetable and melon production as well as animal aquaculture. The figures do 

not distinguish among farms that only do that activity and farms that do multiple activities.  The 

total number of farms listed by industry is 64,658, meaning some farms are double-counted 

(NASS, 2007, 74-75 Table 58).   

                                                
14 The following method for estimating scope was discarded for the purposes of this project because cancer rates 

among farmworkers have been shown to be elevated for very specific cancers, such as leukemia and uterine cancers.  

It would be unsatisfactory to generalize to the population at hand on the basis of cancer rates.  However, the estimate 

that would have arisen for leukemia is described here to show the increased risk from cancer:  The median age for 

farmworkers in the United States is 31 (NCFH, 2009b).  Leukemia cancer rates were calculated for age 30 (when 

cancer-free at age 25), men and women combined, identifying themselves as Hispanic in the United States (NCI, 
2005-2007).  When combined with the leukemia odds ratios identified among Hispanic farmworkers in California 

(odds ratio for leukemia is 1.60), approximately 2.7% of the farmworker population can be expected to get leukemia 

(Mills & Kwong, 2001, 596).  As referenced before, Appendix D includes more information on these elevated risks. 
15 From 2004 to 2009, medical removal rates actually ranged from 0 to 4.6% of participating handlers in Washington 

State (WADOSH, December 22, 2010, 3). 
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Approximately 48,305 (62%) of the workers reported in the 2007 agricultural census 

worked less than 150 days.  The largest cluster of these workers was found on farms ranging 

from 10 to 999 acres—46% of all workers worked less than 150 days and worked on a farm in 

this size range (NASS, 2007, 72-73 Table 58).  Finally, 2,266 farms using hired labor reported 

hiring migrant workers (residency status unknown) while only 252 farms using only contract 

labor reported hiring migrant labor (residency status unknown) (NASS, 2007, 74-75 Table 58).16 

DISTRIBUTION OF EMPLOYEES AND FARMS BY FARM SIZE IN NORTH CAROLINA (2007)
17

 

FARM 

SIZE 

IN 

ACRES 

TOTAL 

FARMS 

PERCENT 

OF 

TOTAL 

FARMS 

TOTAL 

EMPLOYEES 

PERCENT OF 

TOTAL FARM 

EMPLOYMENT 

TOTAL 

EMPLOYEES 

WORKING 

LESS THAN 

150 DAYS 

PERCENT OF 

TOTAL FARM 

EMPLOYMENT 

1 to 9 5,001 9.45% 2,500 3.23% 1,662 2.15% 

10 to 49 20,772 39.26% 11,296 14.59% 8,383 10.83% 

50 to 

179 
17,830 33.70% 17,878 23.10% 12,021 15.53% 

180 to 

499 
5,786 10.93% 13,402 17.32% 8,054 10.41% 

500 to 

999 
1,862 3.52% 11,433 14.77% 7,169 9.26% 

1,000 to 

1,999 
1,108 2.09% 10,060 13.00% 5,908 7.63% 

2,000 

plus 
554 1.05% 10,831 13.99% 5,108 6.60% 

TOTAL 52,913 100% 77,400 100% 48,305 62.41% 

 

 

                                                
16 See Appendix H for more information on the distribution of agriculture in North Carolina by size and industry. 
17 (NASS, 2007, 7 Table 1, 72-73 Table 58) 
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3. REGULATORY ENFORCEMENT 

 The Agricultural Safety and Health Bureau18 is responsible for inspecting agricultural 

migrant housing (ASH).  This is separate from inspections regarding the Worker Protection 

Standard and pesticide use violations, which is the main concern of this project. The Field 

Operations Unit19 is responsible for “the inspection and investigative functions of all mandated 

pesticide programs” across the state.20  However, the Unit only has 22 personnel in total.  

Additionally, the unit “is devoting much time” to voluntary compliance assistance inspections.  

The Unit asserts that doing so results in decreased “chance for harm to human health or the 

environment” (SPCAP, 2011).  However, it could be that those who voluntarily request 

compliance are already more concerned about compliance issues and those actually pose less of a 

threat than those who do not request voluntary compliance assistance inspections.   

 Given the aforementioned figures about the population of farmworkers as well as the 

number of farms, there are not enough compliance inspectors.  Assuming that all 22 personnel 

perform inspections, each inspector is responsible for over 2,400 farms.  Even if only those farms 

50 acres and larger were inspected, and this is not a position for which I am advocating, each 

inspector would be responsible for over 1,233 farms.  The Pesticide Board assesses civil 

penalties.  Violations are considered a Class 2 misdemeanor; non-applicators may be fined a 

maximum of $2,000 while applicators may be fined a maximum of $500.21  Although the 

breakdown of the source of fines is unclear, the entire Department of Agriculture collected 

$325,202 in civil penalties and forfeiture fines in fiscal year 2008 to 2009.  Unfortunately, I 

                                                
18 The Agricultural Safety and Health Bureau is part of the Occupational Safety and Health Division at North 

Carolina’s Department of Labor. 
19 The Field Operations Unit is part of the Pesticide Section in the Structural Pest Control and Pesticides Division at 

North Carolina’s Department of Agriculture and Consumer Services. 
20 Inspection areas imclude, among others: “registration, chemigation, pesticide product testing, storage, licensing, 

application, use, worker safety, ground water and endangered species protection, and disposal” (SPCAP, 2011). 
21 ("North Carolina Pesticide Law of 1971", 1971) 
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could not determine the proportion of these penalties assessed by the Pesticides Section (FRD, 

March 4, 2010, 6). 

 

4. CONCLUSION 

 Based on the above discussion, it is clear that data on the magnitude and causes of over-

exposure in North Carolina is significantly lacking.  However, lack of data is not indicative of 

lack of a problem.  Pesticide exposure causes serious health problems.  Although the general 

exposure pathways are known, little is known about the effectiveness of the Worker Protection 

Standard and the current state laws impacting agriculture in North Carolina. 

 

C. POLICY RECOMMENDATION: SURVEY TO DOCUMENT SIZE AND 

SCOPE OF PROBLEM 

 
1. THE CASE FOR A SURVEY 

It would be very difficult to get regulatory authority and funding from the state legislature 

on the basis of the probable existence of a very serious problem.  However, this data could be 

obtained via a partnership with an academic institution or center, such as the Wake Forest 

University School of Medicine (which has already performed a number of localized studies on 

measuring farmworker pesticide exposure in partnership with the North Carolina Farmworkers 

Project and Student Action with Farmworkers) or the Gillings School of Public Health at the 

University of North Carolina.  North Carolina offers a number of potential principal 

investigators.  If this data demonstrates the existence and scope of an over-exposure problem (i.e. 

specific crops could require greater monitoring or preventive measures), then proposals to the 

legislature are merited and will be backed by scientific data. 
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To obtain this data, I recommend creating a survey that includes blood and serum testing 

for cholinesterase levels.  This survey should be administered among pesticide handlers, 

farmworkers, and family members.  The survey should also test pesticide knowledge among 

participants, including safety and health knowledge.  There are two main issues with the current 

lack of data that this survey will help to solve. 

First, the Washington State and California programs have not produced data on a dose-

response relationship between hours worked with pesticides and cholinesterase levels nor a clear 

connection between crop or pesticide application activity and cholinesterase levels (L&I, January 

6, 2005, 24). To actually evaluate a dose-response relationship, which is necessary for truly 

documenting the scope of the problem, we should test farmworkers and pesticide handlers at 

different exposure levels (as measured in hours worked) as well as those not at all linked to 

farmwork in order to establish a baseline (L&I, January 6, 2005, 24).22 Additionally, because of 

the 30-hour cutoff point and the centering of data points around that cutoff, the data from 

Washington State largely leads to the ability to conclude only about exposure levels just above 

30 hours of pesticide handling.  Finally, since the data is largely for pesticide handlers, it is 

insufficient to draw conclusions about farmworkers and non-farmworker/handler family 

members.  The survey will achieve these ends. 

Second, it is unclear whether lack of compliance with current regulations causes chronic 

pesticide exposure or whether the exposure results from inadequate regulations themselves.  It is 

possible that data from the surveys, and ensuing investigations into growing operations triggered 

by workers with cholinesterase depression, will reveal that violations of standing regulations are 

the main cause of the exposure.  If this is the case, then more inspectors may be needed.  If this is 

                                                
22 See Appendix I for Dr. Dave Kalman’s (Chair of the Science Advisory Committee for the Cholinesterase 

Monitoring Program) email describing to the members of the Stakeholder Advisory Committee how such a study 

would work. 
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not the case, then it may be cost-effective to modify regulations.  The survey will help determine 

the right mechanism for reducing pesticide exposure in North Carolina, if such a mechanism is 

needed.  

 The policy options outlined below will be evaluated based on their ability to meet each of 

these four goals. 

1. Collect data on the size and scope of the problem 

2. Create an early intervention system.  One goal of the monitoring programs currently in 

existence is to remove handlers from pesticide exposure before damage occurs.  Any 

program implemented in North Carolina would ideally have such a function. 

3. Improve compliance with WPS.  Part of the point behind the monitoring program is to 

provide an extra incentive for employers to comply with the WPS for their pesticide 

handlers. 

4. Reduce pesticide exposure among pesticide handlers, farmworkers, and their 

families.  This is the overarching goal of any program.  In particular, any program in 

North Carolina should go beyond the issue of pesticide handler exposure to include non-

hnadler farmworkers and their families.  Pesticide exposure among these latter groups is 

of particular concern, especially since there is currently no monitoring program in 

existence anywhere in the United States for non-handlers or any non-farmworker/handler 

family members. 
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2. SURVEY DESIGN 

Length. The study needs to run for at least one year so as to encompass all of the 

seasonality changes once.  Ideally, the study would run for two to three years to minimize the 

possibility of an abnormal year impacting data. 

Sample selection methods. Randomization and selection needs to be done first at the 

level of the individual growing operation.  However, since some operations are much larger than 

others, the randomization process will need to be weighted such that larger farms are over-

sampled.  Once growing operations are randomized, the growing operations’ owners and 

employees (farmworkers and pesticide handlers) will be randomized.  This is the second stage of 

randomization.  The family members of those chosen in the second stage will also be contacted.  

The persons responsible for randomization should be careful to weight the largest farms (greater 

than 2,000 acres) and the farms containing the highest percentage of farm employment (50 to 

179 acres) more heavily than the other farm-size categories. 

Sample concerns.  There may be high attrition rates due to the seasonal nature of 

farmwork; however, it is this very seasonal nature of pesticide exposure that must also be 

included in the study.  Ideally, each individual will be tracked over the four seasons; if budgetary 

constraints prevent this, different individuals can be surveyed each season. Additionally, there 

may be selection bias after randomization is performed.  There could be a characteristic that 

defines willingness to participate in the survey and also impacts pesticide exposure. 

Incentives for participation in survey.  The study purveyors will pay for all medical 

costs associated with cholinesterase monitoring.  In exchange for their time and participation, 

volunteers participating in cholinesterase monitoring will be paid for travel to and from the 

testing site (if testing is done remotely) and time spent having blood drawn, as well as the time 

spent answering survey questions.   
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3. DATA COLLECTED 

Pesticide handlers need to be tested at varying hours of work, meaning that all pesticide 

handlers should be tested and the hours that they worked handling or applying pesticides 

recorded.  The type of pesticide applied, the method of application, the use of personal protective 

equipment, and the quantity applied will also need to be recorded.  To effectively document the 

problem, farmworkers and the handlers’ and farmworkers’ family members will be needed.  The 

volunteers would also be tested every 30 days to account for seasonal variation in pesticide use, 

with notation of the amount of hours they spent working at the growing operation and the type of 

work performed (if applicable). Data collected needs to include not only knowledge about 

exposure, safety, and surveillance, but also likelihood of dealing with such issues. 

 Sources of confounding.  The potential exists for double exposure, meaning exposure both 

directly from farmwork activities and indirectly from pesticide residues brought home.  There is 

evidence that children of pesticide applicators, even those under the age of 5, perform “many of 

the activities associated with farming” (Gladen et al., 1998, 585 Table IX).  Although the data 

comes from a 1994 to 1996 survey, a number of private pesticide applicators were found not to 

be following the guidelines for laundering the clothes worn during mixing or applying activities 

(Gladen et al., 1998, 584 Table IV).  Additionally, it is possible that those owners of or 

supervisors at the participating growing operations may demonstrate improved compliance 

simply because they are participating in the study. 
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4. FUNDING 

Based on the year one costs of the cholinesterase-monitoring program in Washington 

State, the survey can be expected to cost between $261.86 and $440.82 per person for those who 

participate in the cholinesterase-monitoring portion (as opposed to those who only answer the 

questionnaire) (L&I, December 2, 2003, 1 Table 1; WADOSH, December 22, 2010, 3).  Given 

that these costs do not include the cost of the questionnaire, the actual costs may be higher or 

may tend toward the higher end of this range.  This study should be eligible for grants from the 

Centers for Disease Control, the Environmental Protection Agency, and/or the National Institute 

of Environmental Health Science, as well as the potential of private foundation grants. Given the 

tight economic conditions in North Carolina, it is unlikely that the General Assembly will 

provide funding.  However, policy options below have the potential to be funded by the state in a 

different economic climate.  Until that point, any policy option enacted is likely to go unfunded 

or to rely on national or private/foundation grants.23   

Responsible government bodies. In Washington State, the main agencies involved in 

the program are the Department of Health and the Department of Labor and Industries (SACCM, 

March 30, 2005, 1-3). In California, the Department of Pesticide Regulation is responsible for 

enforcement, but there is also involvement, in the form of guidance, from the Office of 

Environmental Health Hazard Assessment (both the Department and the Office are part of the 

Environmental Protection Agency) (L&I, unknown-b, 29-30). In North Carolina, it is likely that 

a larger number of government bodies would be involved.24  Even though I recommend a 

                                                
23 See Appendix J for information on how Washington State funds its program. 
24 The Department of Health and Human Services, Division of Public Health, Occupational and 

Environmental Epidemiology Branch, Occupational Health Surveillance Unit handles the public health 

aspects of pesticide use, the Unit handles the specific aspects of occupational exposure. (NCDHHS, 

January 24, 2007, September 10, 2010)   
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partnership with an academic center, state government agencies should be contacted and 

potentially included as stakeholders. 

 

Figure 1: Logic Model for Proposed Study 

 

 

                                                
The Industrial Commission manages workers’ compensation and compensation claims; the Department of 

Health and Human Services, Division of Public Health, State Laboratory of Public Health provides testing 

services. (NCDHHS, January 12, 2011; NCIC, 2009a) 

Inputs 

•!Funding 

•!Researchers/academic partners 

•!Laboratory facilities 

•!Volunteer pesticide handlers, farmworkers, and non-farmworker/handler family members 

Activities 

•!Cholinesterase blood/serum tests for pesticide handlers, farmworkers, and non-farmworker/handler family 
members 

•!Survey of pesticide safety and exposure knowledge among tested pesticide handlers, farmworkers, and 
non-farmworker/handler family members 

•!Investigations of operations triggered by workers with cholinesterase depressions 

Outputs 

•!Number of cholinesterase study and survey participants 

Outcomes 

•!Data on pesticide exposure for pesticide handlers, farmworkers, and non-farmworker/handler family 
members 

•!Data on knowledge of pesticide exposure and safety amongpesticide handlers, farmworkers, and non-
farmworker/handler family members 

•!Data on pesticide exposure pathways specific to North Carolina 

Potential 
Impacts 

•!Modify Worker Protection Standard 

•!Implement mandatory cholinesterase monitoring program 

•!Increase compliance inspectors and inspections 

•!Analysis of scope and nature of problem specific to North Carolina 
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Evaluation of ability of option to meet goals.  This study fully meets the first goal by 

collecting data on the size and scope of the problem.  In fact, that is its main purpose.  In the 

process of doing so, it may partially meet the second goal by taking action if the study does find 

participants have depressed cholinesterase levels.  If nothing else, ethical concerns would require 

the researchers to inform the participants of their depressed levels and research concerns would 

dictate that they investigate the cause of the depression.  On a small level, the study may achieve 

improved compliance with the WPS among those growing operations that are participating in the 

study.  Finally, the study will meet the last goal of reducing pesticide exposure through data 

collection and analysis of the scope and nature of the problem in North Carolina. 

 

D. POLICY OPTIONS FOR REDUCING OVER EXPOSURE 

(DEPENDENT ON STUDY RESULTS) 

 
 If the study finds that pesticide exposure is a significant health risk among pesticide 

handlers, farmworkers, and/or their families in North Carolina, then the options analyzed below 

could be an important part of the solution.   

 

1. CHOLINESTERASE MONITORING PROGRAM 

Cholinesterase test results of greater than 20% reductions from baseline will trigger a 

work-practice evaluation; red blood cell cholinesterase reductions from baseline of greater than 

or equal to 30% or plasma reductions of greater than or equal to 40% triggers medical removal 

from handling duties.  If a handler is medically removed, they can be assigned to non-handling 

duties.  Employers are required to protect the handler’s job, salary and benefits for up to three 

months (L&I, unknown-a). California’s cholinesterase-monitoring program, which was 

established in 1974, indicates that the program can function as an early intervention system for 
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preventing or reducing the risk of future morbidity by triggering these medical removals or 

work-practice evaluations (L&I, unknown-b, 1-2). A survey of 101 physicians supervising the 

program results found that 68.3% had initiated medical removals (L&I, unknown-b, 30-31). 

 Of “field investigations or consultation reports” covering 209 Washington State 

farmworkers with cholinesterase depression alerts, four were non-handlers working at three 

different orchards.  Of these four cases, exposure method was unknown and for three of the 

cases, exposure method could not even be hypothesized.  Unfortunately, these non-handlers 

“were part of a special group of workers of unknown size who were voluntarily taking part in 

monitoring,” we are not able to compare those non-handlers with depressions to the total number 

of non-handlers participating.  Additionally, excluding these four non-handlers and two other 

handlers (six in total), the 203 remaining alerts were for handlers “for air blast application to fruit 

trees.”  This indicates that there may be a method “for narrowing the application of the ChE 

monitoring rule to exclude some pesticide operations” (SACCM, November 13, 2006, 25). 
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Figure 2: Logic Model for Mandatory Cholinesterase Monitoring 

 

 Evaluation of ability of option to meet goals.  Mandatory cholinesterase monitoring for 

pesticide handlers will meet the goal of collecting more data and will create an early intervention 

system.  If depressed cholinesterase levels trigger an investigation, then it will also improve 

compliance with the WPS and reduce pesticide exposure among all affected parties (not just 

Inputs 

•! Pesticide handlers 

•! Laboratory facilities 

Activities 

•! Cholinesterase testing for pesticide handlers who participate in testing 

•! Investigations of farms with pesticide handlers who decline participation 

Outputs 

•! Number of cholinesterase blood/plasma tests 

Early 

Outcomes 

•! Cholinesterase blood/plasma test results 

•! Inspections of farms with depressed results in handlers 

Outcomes 

•! Removal of handlers from dangerous situations 

•! Reduction of pesticide exposure among handlers 

Impacts 

•! Change in grower behavior leading to increased compliance with current protection 
standards and regulations 

•! Improved compliance with WPS!

•! Reduction of pesticide exposure among handler and farmworker families!
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handlers).  It will accomplish this last part if depressed cholinesterase levels among handlers is 

linked with pesticide exposure issues for non-handlers.  In this way, inspections that would be 

triggered by the cholinesterase tests would result in safer worker environments for all. 

 

2.  EXPAND NUMBER OF COMPLIANCE INSPECTORS & FREQUENCY OF 

INSPECTIONS 

Of the 13 consultation visits documented in the November 2009 report, all but one of the 

visits found existing rule violations on the part of the grower or the handler, or non-rule 

violations on the part of the handler (such as not showering after spraying) (WADOSH, 

November 20, 2009, 5-12). The compliance visits for previous years had similar results 

(SACCM, November 13, 2006, 35-37). These findings of small violations could indicate that the 

rules are adequate, but compliance and enforcement are lacking.  On the other hand, those 

employers who participated in 2004 and 2005 but not in 2006 were likely non-participants in 

2006 because they “modified their covered pesticide application practices as a result of the rule.”   

As indicated in one report, this suggests that “scheduled investigations of agriculture 

operations, which use organophosphate and N-methyl-carbamate pesticides, but do not generally 

participate in the Cholinesterase Monitoring Program” would be useful in limiting pesticide 

exposure.  These modifications included the elimination of the use of organophosphate and 

carbamate pesticides, the hiring of additional applicators, and the limiting of handlers’ hours to 

below the thirty-hour threshold mark (SACCM, November 13, 2006, 37).  On this last point, it is 

unclear (due to the nature of the program) whether reducing hours to below thirtyhours 

represents a large reduction in risk, particularly if the hours worked are very close to the thirty 

mark (i.e. twenty-nine hours).   
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These results open the possibility that there are mechanisms beyond cholinesterase 

monitoring for improving compliance that could work in North Carolina. These inspections 

would need to be performed proactively rather than in response to complaints or known 

violations.  Ideally, the inspections would be performed without prior notice to the supervisor or 

owner of the growing operation. Thus, the number of compliance inspectors should be expanded.  

It is unlikely that 22 personnel, even if they were all inspectors performing inspections all the 

time, could adequately handle the large agricultural industry in North Carolina.   
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Figure 3: Logic Model for Expansion of Compliance Inspectors & Frequency of 

Compliance Inspections  

 

 
 Evaluation of ability of option to meet goals.  Expanding the number of compliance 

inspectors and the number of compliance inspections will not result in the collection of the type 

of data described above, though qualitative data from inspection reports would be created.  It will 

Inputs 

•! Additional compliance inspectors 

Activities 

•! Surprise compliance inspections 

•! Compliance inspections resulting from cholinesterase depressions 

Outputs 

•! Number of compliance inspections 

Early 

Outcomes 

•! Penalties for failures to comply with WPS 

Outcomes 

•! Reduction of pesticide exposure among handlers 

•! Change in grower behavior leading to increased compliance with WPS 

Impacts 

•! Reduction of pesticide exposure among handler and farmworker families!
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create an early intervention system and improve compliance with the WPS.  The threat of 

surprise inspections should cause growers and supervisors to be more vigilant in their 

applications of the WPS.  Additionally, non-compliant growers and supervisors who are 

intentionally non-compliant are more likely to be caught on a surprise inspection than a 

scheduled inspection for which they have time to prepare.  This will result in a reduction in 

pesticide exposure. 

 

3. MODIFY WORKER PROTECTION STANDARD 

It is possible that the current Worker Protection Standard fully prevents pesticide over-

exposure when properly followed (i.e. over-exposure results from WPS violations).  However, it 

is also possible that the current standard is inadequate to prevent over-exposure.  As 

aforementioned, the WPS is incomplete in regards to children and pregnant women.  In terms of 

violations, the WPS or the instruction surrounding the WPS may not properly account for 

occupational stress (a combination of psychological and physical stress), which can lead to 

greater violations.  In particular, the demand-control model of occupational stress suggests that 

the work environment as a whole determines the level of work-related psychological stress for an 

individual worker (Karasek, 1979, 287).  
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In particular, high physical demands and low control over how jobs are performed 

“contribute to pesticide exposure” (Grzywacz et al., 2010). This indicates that  

“interventions to reduce pesticide exposure among farmworkers need to 
move beyond individual behaviors like hand washing into interventions 
that redesign farm work jobs by minimizing exposure to physical job 
demands and providing workers with greater control over their daily lives 
while on the job” (Grzywacz et al., 2010).25 
 

 The Health Locus of Control model is similar in that it categorizes likelihood to “adopt 

healthy habits” in terms of whether an individual believes “they can influence their own health 

through their own actions,” “their health is in the hands of doctors and nurses and others,” or 

“that health is primarily an effect of luck or fate” (Acosta et al., 2005, 238). According to a study 

of the impact of a safety-training program on safe pesticide practices that used the Health Locus 

of Control model as part of its evaluation, the HLC, safety risk perception, and pesticide 

knowledge did influence “safety-related behavior outcomes.”  The authors used the 

Transtheoretical Model (TTM) “to measure progress towards the adoption of health behaviors” 

in the context of cognitive decisionmaking26 (Acosta et al., 2005, 238).  The study concluded 

that, in part due to the TTM model of how health behaviors are adopted, “[s]ustained programs 

that support the principles taught in WPS are required to effectively decrease pesticide risk for 

farmworkers [Vela Acosta et al., 2002; Konradsen et al., 2003; DeJoy et al., 2004]” (Acosta et 

al., 2005, 243-244).27 

                                                
25 In this section of Grzywacz’s work, the “physical job demands” refer to ensuring that the employee is not over-

worked as well as giving them greater decisionmaking over the specific method used to accomplish a task, i.e. if 

there are multiple ways to effectively and efficiently complete a task, one specific method may be mandated by the 

supervisor. 
26 The six stages of health behavior adoption, in order, are: (1) precontemplation, (2) preparation, (3) contemplation, 
(4) action, (5) maintenance, and (6) termination. (Acosta et al., 2005, 238) 
27 In a journal article citing this Acosta work, the authors note that: “No rigorous evaluation studies of WPS training 

or similar educational interventions appear in peer-reviewed publications.”  They further support this holistic 

approach, referring to an “ecological approach to health promotion” (Salvatore et al., 2008, 791).  However, 

conclusive research on this theory is still pending. 
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 Modifications.  How to modify the WPS depends on the data, but generally speaking, the 

education component is not in line with the TTM.  In order to encourage health adoption 

behavior, the WPS would need to require that the education component be repeated at regular 

intervals.  Especially given the migrant nature of farmworkers, regular repetition would not only 

follow the TTM but would also be more likely to capture every farmworker. 

 Additionally, if the study finds that the farmworkers and/or handlers have depressed 

cholinesterase, the actual standards themselves regarding time restrictions on entry into the fields 

post-application may need to be extended.  Other potential changes would include requiring 

personal protective equipment that offers greater protection.  This could evolve as different 

protective equipment needing to be worn or new systems of protective equipment needing to be 

developed and tested. 
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 Additionally, the WPS currently does not take into account the lessons of the HLC model.  

Agricultural workers are not usually considered to have a great deal of control over how they 

perform their duties.  Moreover, the families of farmworkers certainly have no control.  One way 

to incorporate more of this model into the WPS would be to require that any information given to 

the workers themselves also be provided in written form for their families.  This would at least 

provide the families with some control over how they manage the take-home pesticide pathway.  

Unfortunately, giving the individual farmworker or handler a greater deal of control would 

require drastic, unlikely changes to the current system (like having more unions or more union 

involvement). 

 Finally, if the data shows the average farmworker is being negatively impacted, then the 

aforementioned rule28 that is intended to revise the WPS to account for children under the age of 

12 may need to be modified before it is released. 

 Evaluation of ability of option to meet goals.  Modifying the worker protection standard 

would not result in the collection of data, creating an early intervention system, or improving 

compliance with its own provisions.  However, if the data shows that there is a problem with 

pesticide exposure, modifying the protection standard as described above will reduce pesticide 

exposure. 

 

                                                
28 ("Agricultural Worker Protection Standard Revisions", Initiated September 26, 2005. Projected Enactment 

January, 2012.) 
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E. ECONOMIC ANALYSIS 

 
 For the purposes of this project, I conducted a breakeven analysis of the costs of the 

cholinesterase monitoring program and the hiring of new inspectors in North Carolina. The 

breakeven analysis determines the number of cases of cancer that would have to be avoided for 

the net present value of the costs and benefits to equal zero.  Not only is it difficult to quantify 

the distribution of the extra incidence of diseases that farmworkers face, but also it is difficult to 

quantify the costs.  Cancer is an exception to these issues, with detailed work available on the 

monetization of both the direct and indirect costs of having various types of cancer.  The cancer 

costs are used as one example of the mortality and morbidity costs avoided by reducing chronic 

pesticide overexposure.   

 Assuming the central estimates of benefits and costs, the breakeven number of cancer 

cases abated varies significantly on the basis of one point:  mortality rate.  If the mortality rate is 

calculated for only the pesticide handlers (approximately 7500 people), then the breakeven 

number of cancer cases averted is 495 cases per year.  This means that every year that the 

program runs, overexposure to pesticide would need to be averted such that 495 fewer cases of 

cancer would occur in 30 years. One benefit to estimating only the costs abated for handlers is 

that the benefits are likely to be under-estimated from the benefits that could accrue to the rest of 

the farmworker community.   

 Keep in mind that there may be positive spillover effects in the health of farmworkers 

from the cholinesterase monitoring of pesticide handlers and the increased inspections.  The 

breakeven number of cases mentioned above assumes only that the mortality rate for handlers is 

being impacted.  Moreover, if all farmworkers are being impacted by chronic exposure, then it is 

not unreasonable to believe that 495 cases per year can be averted.   These results reinforce the 
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need for a survey—not enough is known about the extent of the pesticide exposure problem 

among farmworkers and handlers.  Moreover, cancer is not necessarily the most expensive 

ailment that results from pesticide overexposure.  The survey should help inform whether 

overexposure among pesticide handlers, or to farmworkers, is a significant enough problem in 

North Carolina to make a strong case for intervention. 
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F. CONCLUSIONS 

 
 This project documents the existing knowledge and data surrounding pesticide exposure 

and its health effects for farmworkers in the United States.  The health effects of pesticide 

exposure are severe.  Some information is available on the exposure pathways but the existing 

programs in Washington State and California have been unable to determine conclusively 

whether over-exposure is caused by violations of the Worker Protection Standard or by 

compliance with an inadequate standard.  Moreover, since these programs collect data only for 

pesticide handlers working thirty or more hours in a thirty-day period, they permit analysis only 

for that group.  They do not provide data for analysis or conclusion for pesticide handlers 

working less than the required mark, for non-handler farmworkers, or handler and farmworker 

families.  Thus, I recommend using a survey to establish concrete information about the scope 

and nature of the problem in North Carolina. 

 Once the survey is completed, three options have been presented to reduce over-exposure 

in North Carolina:  implementing a cholinesterase monitoring program, expanding the number of 

compliance inspectors and inspections, and modifying the Worker Protection Standard.  The data 

from the survey should inform the decision to implement any of these three options.  Once the 

survey results are obtained, they should be used for a complete cost-benefit analysis of the 

cholinesterase monitoring program and expanding the number of compliance inspectors and 

inspections. 
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APPENDIX A:  DEMOGRAPHICS OF MIGRANT AND SEASONAL FARMWORKERS 

 

 National demographics.  The demographic breakdown of the farmworker population 

influences the methods for monitoring pesticide exposure and points to potential barriers in 

monitoring pesticide exposure.  A seasonal farmworker works primarily “in agriculture on a 

seasonal basis,” while a migrant worker has the additional clause of having “a temporary home 

during times of work” (Anthony, Martin, Avery, & Williams, 2010, 634). The migrant and 

seasonal farmworkers can be abbreviated as one entity, MSFW.   MSFW tend to be of Hispanic 

descent (including Hispanic Americans).  Estimates put English literacy around 10% for the 

population (Acosta et al., 2005, 237; Anthony et al., 2010). Nationally, 25% of the farmworkers 

in the US in 2002 were US citizens; 21% were legal permanent residents; and most of the 

remainder were unauthorized (the H-2A visa program makes up a small percentage of 

farmworkers) (Arcury & Quandt, 2007, 347). 

North Carolina demographics.  It is important to look at the demographics for North 

Carolina in particular, as I will be looking at how the programs could work in North Carolina 

specifically.  North Carolina is fifth in the nation in terms of farmworker population (Arcury & 

Quandt, 1998, 832). The number of farmworkers peaks “in August through November with the 

Christmas tree, tobacco and vegetable harvest” (Arcury et al., 2005, 41-42). Although the 

majority of farmworkers are men, 20% are women; 5% of farmworkers are under 18.  Fifty-eight 

percent of farmworkers are married, and 51% have children (Arcury & Quandt, 2007, 346). 

Although 57% of farmworkers “are unaccompanied by a spouse or children,” of those 

farmworkers who have children, 63% “are accompanied by at least some of their children” 

(Arcury & Quandt, 2007, 346-347). Regardless of the estimate, MSFWs “are largely minority, 

medically underserved, and economically disadvantaged” (Arcury & Quandt, 1998, 832). 
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In the table below, the data shows a decline in the population of MSFWs and their family 

members in North Carolina.  The data below also shows a decline in the national population.  

However, given the migratory nature of and the potential for unauthorized immigrants in the 

population, there could be a large margin of error in the estimates below.  Given technological 

advances in a number of agricultural areas, it seems plausible that the MSFW population 

declined in the past two decades.  Additionally, it is possible that the earlier estimates were 

overstated, such that the decline in MSFW population is smaller.  The MSFWs and their families 

could be counted in multiple locations.  Additionally, the peak populations could be higher or 

lower than the total aggregate populations.  Finally, the MSFWs and their families could be 

miscounted, i.e. by including former MSFW workers or by excluding MSFW workers who were 

unemployed at the time of the survey (DHHS, March 1990, 4). 
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MIGRANT AND SEASONAL FARMWORKERS (MSFW) POPULATION ESTIMATES 

  

Source Scope of Estimate & Year Total 

MSFW 

Estimate
29 

Estimate of 

MSFW & 

Family 

Members 

Arcury and Quandt, "Chronic 
Agricultural Chemical Exposure 
among Migrant and Seasonal 
Farmworkers," p 832. 

Nationwide, 1998 4.2 million -- 

Maternal & Child Health Fact 

Sheet, 2009.  
Nationwide, 2001-2002 3.5 million -- 

Anthony, et.al., “Self Care and 
Health-Seeking Behavior of 
Migrant Farmworkers,” p. 634. 

Nationwide, 2010 3 million -- 

“An Atlas of State Profiles 
Which Estimate Number of 
Migrant and Seasonal 
Farmworkers and Members of 
Their Families,” p. 13. 

North Carolina, 1990 
(estimate is annual aggregate30) 

-- 344,944 
 

Larson, “Migrant and Seasonal 
Farmworker Enumeration 
Profiles Study North Carolina,” 
p. 15. 
 

North Carolina, 2000 
(Estimates are not sensitive to 
“annual increases or decreases” 
in H2A workers and are 
calculated using estimates of the 
number of workers from 
agencies and facilities serving 
MSFWs, as well as calculations 
of the number of labor hours 
needed to complete agricultural 
tasks.31) 
 

100,960 156,893 
 

                                                
29 The Economic Research Service’s analysis of National Agricultural Workers Survey data from 2004-2006 

indicates that the level of unauthorized entry of farmworkers has steadily risen from pre-1971 to 2001.  (Kandel, 

July 2008, 12) 
30 (March 1990, 4) 
31 (Larson, September 2000, 3-12) 



43 
 

MIGRANT AND SEASONAL FARMWORKERS (MSFW) POPULATION ESTIMATES 

  

Source Scope of Estimate & Year Total 

MSFW 

Estimate
29 

Estimate of 

MSFW & 

Family 

Members 

NC Employment Security 

Commission. Estimate of 

Migrant and Seasonal 

Farmworkers  
During Peak Harvest by County 

Raleigh, NC Employment 

Service Division, 1995.  as cited 
in:  
Quandt, et.al., “Something for 
everyone? A community and 
academic partnership to address 
farmworker pesticide exposure 
in North Carolina.” 

North Carolina, 2001 
(excludes seasonal & seasonal 
family; estimate based on peak 
harvest period32) 

-- 200,000  
 

NC Employment Security 
Commission, as cited in:  
Migrant Workers in North 
Carolina. June 2009. East 
Carolina University. 

North Carolina, 2002 
(excludes seasonal & seasonal 
family; unclear how estimates 
were calculated) 

108,900 200,000+  
 

Employment Security 
Commission as cited in: 
Arcury and Quandt, "Delivery 
of Health Services to Migrant 
and Seasonal Farmworkers,” p. 
347. 

North Carolina, 2004 
(estimate based on peak harvest 
period) 

86,048 -- 
 

Employment Security 
Commission data, unpublished, 
as cited in:  Quandt, et.al., 
“Cholinesterase Depression and 
Its Association with Pesticide 
Exposure across the Agricultural 
Season among Latino 
Farmworkers in North 
Carolina,” p. 635. 

Brunswick, Columbus, 
Cumberland, Greene, Harnett, 
Johnston, Lenoir, Pitt, Sampson, 
Wayne, and Wilson counties, 
North Carolina, 200733 
(unclear how calculated) 

22,47034 -- 

                                                
32 (Quandt, Arcury, & Pell, 2001, 436) 
33 (Quandt et al., 2010, 635) 

These 11 counties are believed to represent “36.2% of migrant workers without H-2A visas, 34.4% of migrant 

farmworkers with H-2A visas, and 22.7% of seasonal workers.” 
34 Note: Combined estimates of workers with H-2A visas, 2,995, and without H-2A visas, 13,675, to get estimate for 

migrant farmworkers.  Estimate of 5,800 was provided by study for number of seasonal workers. 
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MIGRANT AND SEASONAL FARMWORKERS (MSFW) POPULATION ESTIMATES 

  

Source Scope of Estimate & Year Total 

MSFW 

Estimate
29 

Estimate of 

MSFW & 

Family 

Members 

Projections extrapolated from 
above counties. 

North Carolina, 2007 72,03335 -- 

 

                                                
35 Note: Combined projection of workers with H-2A visas, 8,706, and without H-2A visas, 37,776, with projection 

of seasonal workers, 25,551. 
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APPENDIX B:  CHOLINESTERASE MONITORING PROGRAMS 

Although pesticide exposure could also be evaluated by measuring urine metabolites, the 

metabolites “may disappear within 48-72 hours” of exposure.  Cholinesterase is a more stable 

measure.  Additionally, measuring pesticide levels themselves in bloods requires a more difficult 

analysis.  Finally, the blood and urine metabolite levels do not indicate a biological response to 

pesticide exposure, while cholinesterase levels do indicate such an exposure.  Blood 

cholinesterase levels are “the most practical and efficient method for monitoring cholinesterase 

activity and identifying possible overexposures” (L&I, December 2, 2003, 3). The plasma 

cholinesterase levels, on their own, are less reliable (L&I, December 2, 2003, 7).  

Both the Washington State and the California (described below) cholinesterase 

monitoring programs test plasma and red blood cell cholinesterase levels (hereafter, the latter are 

referred to as “blood cholinesterase levels”).  Plasma levels are obtained from the liquid that 

makes up blood.  The plasma levels are less reliable than the blood levels because they contain 

cholinesterase that is produced in the liver and thus may be inhibited for other reasons.  Plasma 

cholinesterase also reacts more rapidly to organophosphate pesticide exposure.  Additionally, 

plasma cholinesterase levels may depict a slight “rebound” after mild exposure, and actually 

appear higher than they would otherwise.  The blood cholinesterase is “biochemically the same 

enzyme as the acetylcholinesterase located at the neuro-effector cell synapses.”  The blood 

cholinesterase level reacts more slowly to organophosphate pesticide exposure (Furman, January 

2010, 8; OEHHA, 2002, 7). 

Washington State.  In Washington State, all workers who handle organophosphate or 

carbamate pesticides that are labeled with the words “danger” or “warning” for 30 or more hours 

in a 30-day period are eligible for participation in the cholinesterase monitoring program (L&I, 

January 2006). Employers are required to document the number of hours farmworkers handle 
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certain pesticides (category I and II for the organophosphate pesticides) (WADOSH, January 10, 

2008, 1). A baseline cholinesterase blood test must be taken prior to exposure (L&I, January 

2006). Physicians may decide, after three test intervals of 30 days, to increase the subsequent test 

intervals to 60 days (L&I, unknown-b, 30). The worker may decline participation, but cannot be 

forced or coerced into doing so by his or her employer (L&I, January 2006). To guard against 

possible coercion, the decision to participate in the monitoring program “includes the 

requirement that this decision is made in conversation with the health care provider.”  For those 

farms where at least 3 handlers declined testing, the Division of Occupational Safety and Health 

investigated compliance (WADOSH, November 20, 2009, 5).  

Test results that exceed 20% cholinesterase depression from an individual’s baseline will 

result in an on-site visit.  The Division of Occupational Safety and Health, which is part of the 

Department of Labor and Industries, monitors the test results (WADOSH, January 10, 2008, 2). 

These excessive depressions are not in themselves a rule violation, but require evaluations to 

determine if violations are occurring.  If violations are not occurring, other measures may be 

taken to reduce the cholinesterase depression levels (WADOSH, January 10, 2008, 3). 

Total estimated compliance costs of the monitoring program are predicted to be near 

$1.27 million annually (L&I, December 2, 2003, 1). Costs include recordkeeping; training; 

laboratory analysis; investigations; and medical removal (L&I, December 2, 2003, 17) (L&I, 

December 2, 2003, 17) (L&I, December 2, 2003, 18) (L&I, December 2, 2003, 19) (L&I, 

December 2, 2003, 20). Through 2009, the Washington State Department of Labor (DOL) paid 

for or reimbursed some of the costs of compliance with the program (WADOSH, November 20, 

2009, 2-3). 
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PAYMENTS MADE BY DEPARTMENT OF 

LABOR 

(using Labor & Industries Accident Fund) 

 

Year Testing, Data Collection, and 

Employer Reimbursement Costs
36

 

2006 $253,170 

2007 $111, 595 

2008 $88,000 

2009 $129,000 

The benefits are generally harder to quantify than the costs.  Benefits fall into two main 

categories:  increased information (which leads to further benefits) and improved health of 

farmworkers.  In terms of increased information, the monitoring program results in more 

confident estimates of the frequency of pesticide overexposure; estimates of economic impacts of 

overexposure; “the degree to which the presence of medical monitoring and medical removal 

prompts better enforcement” of current regulations and protection standards; and information 

that leads to changes in the WPS or in state standards (this has already happened, with changes in 

handler training at the state level) (L&I, December 2, 2003, 8; WADOSH, November 20, 2009, 

12).  

 In terms of improved health of farmworkers, the monitoring program results in higher 

rates of compliance with the WPS, which in turn reduces exposure to non-farmworker family 

members; increased education of farmworkers about pesticide exposure; and increased access to 

the healthcare system for pesticide handlers (L&I, December 2, 2003, 8).  This list is not a 

complete list of the benefits considered in Washington State’s cost-benefit analysis.  

Nonetheless, in its cost benefit analysis, the Washington State Department of Labor and 

Industries found that the benefits outweighed the costs (L&I, December 2, 2003, 25). 

                                                
36 ("Cholinesterase Monitoring of Pesticide Handlers in Agriculture:  2008 Draft Report", December 22, 2008, 5; 

January 2007, 5; December 24, 2007, 5; November 20, 2009, 2-3) 
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Both the Washington State and the California cholinesterase monitoring programs test 

plasma and red blood cell cholinesterase levels (hereafter, the latter are referred to as “blood 

cholinesterase levels”).  Plasma levels are obtained from the liquid that makes up blood.  The 

plasma levels are less reliable than the blood levels because they contain cholinesterase that is 

produced in the liver and thus may be inhibited for other reasons.  Plasma cholinesterase also 

reacts more rapidly to organophosphate pesticide exposure.  Additionally, plasma cholinesterase 

levels may depict a slight “rebound” after mild exposure, and actually appear higher than they 

would otherwise.  The blood cholinesterase is “biochemically the same enzyme as the 

acetylcholinesterase located at the neuro-effector cell synapses.”  The blood cholinesterase level 

reacts more slowly to organophosphate pesticide exposure (Furman, January 2010, 8; OEHHA, 

2002, 7). 

 

In the figure below, I have represented the basic aspects of the Washington State 

cholinesterase monitoring program in the form of a logic model.  Since the California program is 

very similar, I will only present the Washington State model below.  In its current state, the 

Washington State program will not achieve the goals desired by ToxicFree NC.  The logic model 

indicates that only the pesticide exposure for handlers will be reduced. 
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Figure 4:  Logic Model for Washington State Cholinesterase Monitoring Program 

 

 

 

 California.  California’s cholinesterase-monitoring program has existed since 1974, and 

monitors pesticide handlers.  The program is substantially similar to the Washington State 

program, where excessive cholinesterase depression results in inspections and possible removal 

of the worker from the source of exposure (L&I, December 2, 2003, 9). In California, it was 

estimated in 2003 that the violations of worker protection laws by employers contribute to 41% 

of pesticide poisonings.  Additionally, in 2006, the cholinesterase monitoring program found that 

59 of the 611 workers test (or 9.65%) had cholinesterase “depressions at a dangerously high level 

of more than 20%” (NCFH, 2009c).  
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APPENDIX C:  ACUTE PESTICIDE EXPOSURE 

 Acute exposure occurs when pesticide directly touches a worker, is inhaled by a worker, 

or ingested by a worker.  Acute exposure is relatively rare and when it does occurs, it is generally 

among pesticide applicators and handlers and involves small amounts of pesticides.  A 1992 

estimate from the Environmental Protection Agency nationwide that “300,000 farmworkers 

suffer acute pesticide poisoning each year” (Hansen & Donohoe, 2003, 157); citing (GAO, 

February 1992) A more recent 2010 estimate from the National Institute of for Occupational 

Safety and Health (NIOSH) places the figure at 10-20,000 physician-diagnosed acute pesticide 

poisonings among workers in the agricultural industry annually (NIOSH, September 26, 2010). 

Since these figures represent physician-diagnosed acute poisonings, it is likely that they 

underestimate the actual number of acute poisonings.  However, it appears that the acute 

pesticide poisonings have declined in the last two decades.   

NIOSH administers the Sentinel Event Notification System for Occupational Risk 

(SENSOR) (NIOSH, September 26, 2010). SENSOR is a program meant to “build and maintain 

occupational illness and injury surveillance capacity within state health departments” (NIOSH, 

September 26, 2010). One of the illnesses reported under SENSOR is “acute occupational 

pesticide-related illness and injury” (NIOSH, September 26, 2010). SENSOR currently operates 

in twelve states, including North Carolina (NIOSH, September 26, 2010). This represents a step 

forward for the State of North Carolina in monitoring and preventing acute pesticide poisonings.  

It is with an eye to this first step that this project aims to provide a first step for monitoring and 

preventing chronic pesticide exposure. 

Public data is available for some participating states, though none could be found for 

North Carolina.  The states included in this database are Arizona, California, Florida, Iowa, 

Louisiana, Michigan, New York, Oregon, Texas, and Washington State. Data on 5,200 acute 
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occupational pesticide poisonings from 1998 to 2006 included 1,756 in the agricultural industry.  

Of those poisonings recorded for the agricultural industry, 907 occurred during routine work 

(excluding the application of pesticides) (NIOSH).  It is possible that where acute poisonings are 

present, chronic poisonings are as well.  
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APPENDIX D:  CANCER INCIDENCE AMONG CALIFORNIA FARMWORKERS 

A study of cancer incidence compared cancer incidence among current Hispanic 

members and retirees of the United Farm Workers of America (UFW) in California (diagnosed 

between 1988 and 1997) to non-UFW Hispanics (diagnosed between 1991 and 1995) in 

California (FJ; Mills & Kwong, 2001, 596-597). The study found higher incidence of certain 

cancers among the UFW population, including:   

STUDY OF CANCER RATES 

AMONG UFW MEMBERS
37

 

 

Type of Cancer Odds Ratio of 

UFW to non-UFW 

Incidence Rates 

Leukemia 1.59 

Stomach 1.69 

Uterine cervix 1.63 

Uterine corpus 1.68 

 
Similar results were found in a mortality analysis of California farmworkers (which 

included owners and/or managers) (Mills & Kwong, 2001, 599). Shortly before this study was 

published, in 1998, 91% of the agricultural workers in California were estimated to be natives of 

Mexico (Mills & Kwong, 2001, 600). Another study (1990) found that leukemia risk among 

Midwestern farmers increased with exposure to certain organophosphate pesticides (Mills & 

Kwong, 2001, 600). Additionally, it appears that inordinately high incidence rates of non-

Hodgkin’s lymphoma may be linked to pesticide exposure (GAO, December 1993, 3). 

                                                
37 (Mills & Kwong, 2001, 596) 
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APPENDIX E:  GOVERNOR’S TASK FORCE ON PREVENTING AGRICULTURAL 

PESTICIDE EXPOSURE 

 

Former North Carolina Governor Michael F. Easley convened the Governor’s Task Force 

on Preventing Agricultural Pesticide Exposure, which produced its final reports in April 2008.  

The goal of the Task Force was to “examine current regulations and practices…and make 

recommendations needed to improve health protection” (GTFPAPE, April 2008, 6). The 

majority of the recommendations required rulemaking or budget decisions (GTFPAPE, April 

2008, 36). Since the recommendations that applied to the family members of farmworkers 

involved changes to educational programs or budget appropriations, they may or may not be 

implemented in any given year (GTFPAPE, April 2008). 

However, it is unclear whether the remainder of these recommendations have been 

implemented.  The intent of the recommendations included increased “funding to strengthen 

pesticide-poisoning surveillance, improve the quality of pesticide compliance inspections, and 

increase and improve pesticide safety training” (Calvert & Higgins, 2010, 188). Despite 

provisions in North Carolina and nationwide to reduce retaliation against workers who complain 

about conditions or seek medical care, workers still face the threat of job loss.  This may be due, 

in part, to lack of knowledge of legal protections among the workers (Reeves & Rosas, 2003, 

21). 
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APPENDIX F:  FEDERAL LAWS 

 
The Occupational Safety and Health Administration only has “reporting regulations” for 

farms that employ 11 or more workers because farms with less than 11 employees are exempt 

from the Fair Labor Standards Act (Anthony et al., 2010, 635) (NCFH, unknown). As of 2000, 

the EPA had not been consistent across regions in its establishment of “goals for the number of 

worker protection inspections states should conduct” nor “in defining what constitutes a worker 

protection inspection” or “the extent to which they oversee and monitor the states’ 

implementation and enforcement of the Standard” (GAO, March 2000, 5).  

H-2A visa program.  The H-2A visa program permits Mexican agricultural workers to 

enter the United States legally for a set amount of time and to work for a specific employer 

(SCLO, 3; SNS, 2010). H-2A migrant workers may collect workers’ compensation if they are 

injured at work; the employer “must provide workers’ compensation insurance to workers at no 

cost to the worker” (SCLO, 2). In the same manner, an H-2A migrant that is fired “without 

sufficient cause must be paid their return transportation and the full three-fourths guarantee” of 

salary.  This three-fourths guarantee means three-fourths of the total wage promised in the H-2A 

contract (SCLO, 3). 

 H-2A farmworkers “are subject to audit inspections by state agencies, to ensure that the 

workers are being paid a legal wage and have safe living and working conditions.”  However, in 

2009, there were 1,600 registered migrant farmworker camps and “only 15 full-time inspectors” 

at the North Carolina Department of Labor “who were responsible for ensuring the adequacy of 

the camps” (SNS, 2010).  
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APPENDIX G:  DATA ON PESTICIDE EXPOSURE PATHWAYS 

 

Importantly, children are typically exposed to pesticides through the residues brought 

home by parents or other family members (NCFH, 2009a).  A 2002 study of 218 farmworker 

households in Washington State supports the take-home pathway, particularly for children (Curl 

et al., 2002, 787). The study focused on organophosphate pesticides and found indications of the 

presence of such pesticides in dust samples from the farmworkers’ homes and vehicles (NCFH, 

2009c). In particular, the levels of the metabolite for the organophosphrous pesticide dimethyl 

thiophosphate, which was “the most commonly detected metabolite,” were above the limit of 

quantitative measurement in 88% of the urine samples from children and 92% of the urine 

samples from adults (Curl et al., 2002, 789). Pregnant MSFWs that work with pesticides run the 

risk of giving birth to children with severe birth defects, both physical and developmental, 

including facial/cranial malformation and missing limbs (NCFH, 2009a). 

A study of 26,794 licensed private pesticide applicators in North Carolina and Iowa 

found that 21% lived “within 50 yards of pesticide mixing areas” and that 94% washed their 

work clothes in the same washing machine as household materials.  Additionally, 51% of the 

wives of applicators also worked in the growing fields, 40% of the wives had applied or mixed 

pesticides at one time or another, and more than 50% of children aged 11 or older performed 

farm chores (Gladen et al., 1998, 581). Of the 26,794 applicators contacted, information was 

collected on 9,020 applicators and 4,068 children in North Carolina (Gladen et al., 1998, 582). 
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APPENDIX H:  DISTRIBUTION OF AGRICULTURE IN NORTH CAROLINA BY SIZE 

AND INDUSTRY  

 

NORTH CAROLINA FARMS BY SIZE
38 

TOTAL # OF FARMS BY YEAR 
ACREAGE 

2002 2007 

1-9 4,405 5,001 

10-49 20,207 20,772 

50-179 19,011 17,830 

180-499 6,398 5,786 

500-999 2,146 1,862 

1,000-1,999 1,212 1,108 

2,000 + 551 554 

TOTAL 53,930 52,913 

                                                
38 (NASS, 2007, 7 Table 1) 
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NORTH CAROLINA FARMS BY NORTH AMERICAN INDUSTRY CLASSIFICATION
39

 

(2007) 

FARMS BY ACREAGE  TOTAL 

# OF 

FARMS 
1-9 10-49 50-69  70-99 100-

139 

140-

179 

180-

219 

220-

259 

260-

499 

500-

999 

1,000-

1,999 

2,000 + 

Oilseed & grain farming 5,147 92 1,169 502 566 492 364 255 203 575 422 310 197 

Vegetable & melon 

farming 

2,470 387 1,269 256 173 120 62 36 20 50 43 29 25 

Fruit & tree nut farming 1,370 268 615 150 114 101 40 16 12 28 29 5 1 

Greenhouse, nursery, and 

floriculture production 

2,942 846 1,217 260 192 138 62 54 34 60 54 20 5 

Other crop farming 11,745 199 4,033 1,514 1,366 1,148 647 446 259 807 624 473 229 

Tobacco farming 1,844 53 227 136 137 155 111 115 67 260 284 212 87 

Cotton farming 457 8 26 19 14 20 14 15 12 70 102 103 54 

Sugarcane farming, hay 

farming, and all other 

crop farming 

9,444 138 3,780 1,359 1,215 973 522 316 180 477 238 158 88 

Beef cattle ranching and 

farming 

14,413 718 5,440 1,736 1,971 1,539 870 551 339 840 292 98 19 

Cattle feedlots 3 - - - - - - - - 2 - 1 - 

Dairy cattle and milk 

production 

381 28 66 20 16 19 17 9 32 84 65 21 4 

Hog and pig farming 1,619 97 330 174 148 171 104 100 63 193 140 66 33 

Poultry and egg 

production 

4,096 514 1,627 380 311 332 171 152 91 250 166 69 33 

Sheep and goat farming 2,437 640 1,382 141 150 54 34 13 4 13 4 2 - 

Animal aquaculture and 

other animal production 

6,290 1,212 3,624 403 353 294 155 78 32 85 32 14 8 

                                                
39

 (NASS, 2007, 74-75 Table 58) 
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NORTH CAROLINA HIRED FARM LABOR BY FARM SIZE
40

 

(2007) 

WORKERS BY FARM ACREAGE  TOTAL # 

OF 

WORKERS 
1-9 10-49 50-69  70-99 100-

139 

140-

179 

180-

219 

220-

259 

260-

499 

500-

999 

1,000-

1,999 

2,000 + 

Hired Farm Labor 77,400 2,500 11,296 5,348 4,201 4,935 3,394 2,632 1,868 8,902 11,433 10,060 10,831 

Workers who 

Worked 150 days 

or more 

29,095 838 2,913 2,227 1,296 1,276 1,058 932 639 3,777 4,264 4,152 5,723 

Workers who 

Worked less than 

150 days 

48,305 1,662 8,383 3,121 2,905 3,659 2,336 1,700 1,229 5,125 7,169 5,908 5,108 

 

NORTH CAROLINA FARMS BY MIGRANT FARM LABOR
41

 

(2007) 

FARMS HIRING MIGRANT FARM LABOR BY ACREAGE  TOTAL # 

OF 

FARMS 
1-9 10-49 50-69  70-99 100-

139 

140-

179 

180-

219 

220-

259 

260-

499 

500-

999 

1,000-

1,999 

2,000 + 

Migrant Farm 

Labor on Farms 

with Hired Labor 

2,266 55 305 139 142 172 108 93 77 290 383 323 179 

Migrant Farm 

Labor on Farms 

Reporting Only 

Contract Labor 

252 30 78 29 15 24 12 14 15 14 13 4 4 

 

                                                
40

 (NASS, 2007, 72-73 Table 58) 
41

 (NASS, 2007, 74-75 Table 58) 
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APPENDIX I:  DR DAVE KALMAN’S EMAIL 

The email excerpt, as reported in a report to the legislature, is below: 
 

To design a study to address this question, one would like a range of reported 
pesticide handling hours worked, deliberately including either control groups or 
groups with few pesticide handling hours, in order to see how large changes in 
hours relates to changes in ChE.  This amounts to deliberately including workers 
for whom the expectation is little likelihood of overexposure, and is at odds with 
the intent of the ChE monitoring program which aims to focus on those workers 
having the greatest potential risk.  This means that, independent of how 
completely employers complied with reporting requirements, there is no 
guarantee that Year 1 data would shed much light on this question.   (Of course, 
some employers did report hours for workers with fewer than 50.  IF that sub 
group is a representative sample of all workers/employers, then those data could 
be used). That is the basis for my “program design” comment.   The committee as 
a group has agreed that we lack sufficient data to make a judgment about 30/50 
hours but did not discuss or adopt my statement... 

(L&I, January 6, 2005, 24) 
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APPENDIX J:  WASHINGTON STATE’S FUNDING MECHANISM 

 

The cholinesterase-monitoring program in Washington State is funded through the 

Department of Labor and Industries’ Accident Fund.  The Accident Fund and the Medical Aid 

Fund are Washington State’s version of workers’ compensation insurance.  Instead of requiring 

insurance from a private carrier, employers pay a fee based on a number of factors (like risk) per-

hour worked by employees and are thus “insured” collectively by the Department of Labor and 

Industries.  For example, an employer in the logging industry will pay higher fees than an 

employer “engaged in retail store operations” (L&I, 2011c). 

The Department of Labor and Industries “manages claims and pays benefits out of an 

insurance pool called the Washington State Fund.” (L&I, 2011c). The rates for the Accident and 

for the Medical Aid Funds are re-calculated separately every year (L&I, 2011d). For example, 

the 2011 proposed hourly base rate for orchards is $0.72.  Of this $0.72 per hour worked, 

$0.3251 goes to the Accident Fund; $0.2871 goes to the Medical Aid Fund; and $0.1078 goes to 

the Supplemental Pension Fund.  The maximum an employer can deduct from an employee’s 

pay, under this proposal, is $0.19745 per hour worked.  Currently, there are sixteen other 

categories listed under the agriculture industry, including tree farming and livestock farms and 

stables (L&I, 2011a, 2011b). The state legislature uses the Accident Fund “to cover the costs of 

laboratory testing, and to reimburse employers for other clinical and related administrative costs 

incurred...” (L&I, January 2007, 5) In California, “[e]mployers are responsible for obtaining and 

paying for the required medical supervision” (OEHHA, 2002, 3). 

In North Carolina, employers are required to purchase workers’ compensation insurance 

if they have three or more regularly-employed employees or, “if providing agriculture or 

domestic services, 10 or more full time nonseasonal agricultural workers” (NCIC, 2009b). 
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Federal law also requires that workers’ compensation insurance be purchased for any worker on 

the H-2A visa program (USDOL). The North Carolina Industrial Commission administers North 

Carolina’s Workers’ Compensation Act (NCDOC, 2011). It is possible that North Carolina could 

change its workers’ compensation insurance mechanism to provide funding for policy options, 

but as the funding source is not the main purpose of this project, funding options will not be 

evaluated. 

 


