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Chapter 5. Goal 3: Agricultural Health Outcomes Research on 
Exposures to Chemicals  

Goal 3: Determine the chronic effects of agricultural exposures/health outcomes from 
toxic exposures and develop appropriate interventions to reduce the incidence of 
disease. 
 
5.1   Challenge or Issue 

More than 85,000 chemicals are registered for commercial use today, an ever 
increasing number of which are pesticides used in agriculture. It can be fairly 
assumed that exposures to pesticides and other toxic substances found on the farm 
pose a serious health risk to the farming community since many of these toxicants are 
known to cause cancer, adverse reproductive effects, and neurological disease. 
However, research is needed to determine the extent of farm workers exposure to 
these chemicals and to determine the extent to which such exposures contribute to 
disease.  
 
5.2   Activities  

AFF Program efforts in recent years have focused on both areas of research—
determining the extent of exposure among agricultural workers, and determining the 
rates of disease such as cancer, adverse reproductive effects and neurological disease 
among farm workers and their families. 

 5.2a  Extent of Exposure 

Biomonitoring Research 

AFF Program researchers have developed biomonitoring methods (primarily for 
blood and urine specimens) to measure exposures to agricultural chemicals. These 
methods are used to assess worker exposures in a variety of agricultural settings. A 
major focus of these efforts has been to develop methods that are rapid, simpler to 
perform, and lower in cost.  These methods were used to evaluate exposures in farm 
families, agriculture sprayers, residential exterminators and others. Aside from giving 
valuable information about personal burden of pesticide exposure, these efforts have 
helped to determine those work practices and operations that present the greatest 
potential for exposures. These efforts have resulted in suggesting changes in work 
practices or wearing of personal protective equipment that resulted in decreased 
worker exposures. (Appendices 5.2a-01, 5.2a-02, 5.2a-03. 5.2a-04, 5.2a-05, 5.2a-06, 
5.2a-07, 5.2a-08) 
 
AFF Program researchers have also developed and applied biomarkers of effects to 
assess potential injury or toxic response in persons exposed to agricultural products or 
chemicals. As part of the efforts to assess biomarkers of susceptibility, researchers 
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have focused on two specific areas: differences in metabolism of chemicals and 
genetic susceptibility to effects of exposoure in a rural population. Research 
investigating variability of metabolism was conducted in cooperation with EPA. This 
work has been used by EPA to re-evaluate uncertainty factors used in risk 
assessments and have applied them to new risk assessments [Lipscomb 2004].  
 
Research demonstrated that immunochemical methods are suitable for use in 
biomonitoring studies to evaluate exposure to the agricultural chemicals that were 
tested. Methods were demonstrated to be rapid, accurate and much simpler to perform 
than traditional analytical chemistry methods [Biagini 2002, 2004]. In addition these 
methods have proven to be adaptable for use in the field. They usually require less 
sample volume than other methods, making compliance easier for participants. These 
new methods have often resulted in rapid dissemination of investigative results to 
relevant partners and stakeholders, and development of strategies to decrease 
exposures. Research into variation of metabolic capacity has resulted in identifying 
the role of specific metabolic pathways on toxicological fate of numerous chemicals 
[Snawder 2000].  
 
The new exposure assessment methods improved our understanding of the way 
workers are exposed. For example, in many pesticide application scenarios it has been 
found that the greatest exposure occurs through the hands and torso while mixing and 
applying pesticides [Winterlin 1984; Zwieg 1983; Popendorf 1979]. This information 
has led to recommendations that pesticide workers use gloves, aprons, and protective 
clothing. Current research indicates that many workers are not employing protective 
equipment. Intervention research is being developed to encourage workers to use 
protective equipment and to evaluate the barriers to their use.  
 
Studies evaluating genetic markers of susceptibility have also explored the possible 
roles of polymorphisms of metabolic DNA repair enzymes and the development of 
glioma [Butler 2005]. 
 
Take-home Pesticide Exposure  

The health effects of low level chronic exposures to pesticides are still largely 
unknown, and the potential for agricultural workers, farmers, and farm children to be 
subjected to these exposures are considerable. Families are potentially exposed to 
contaminants that are inadvertently brought into the home by working members of the 
household.  (Appendix 5.2a-09) 
 
The primary purpose of the take-home pesticide exposure study was to describe the 
sources of pesticide contamination in farm homes and investigate the relationship 
between contamination and pesticide exposure of family members in the home. A 
combination of environmental and biological sampling was employed. Questionnaires 
were administered along with observations to determine practices and behaviors that 
may contribute to exposure. Conclusions from the study include the following: 
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• Farm homes are more likely to be contaminated with pesticides then nonfarm 
homes and farms that apply a particular pesticide to crops have higher levels 
of that pesticide inside the home than farms that do not apply the pesticide.   

• Farmers who reported applying a pesticide had significantly higher urinary 
metabolite levels of that pesticide than nonfarmers, farmers who did not apply 
that pesticide, and farmers who had the pesticide commercially sprayed (P-
value < 0.05). No statistically significant differences in urinary pesticide 
metabolite levels occurred between nonfarmers, farmers who did not apply the 
pesticide and farmers who had the pesticide commercially applied. 

• Farm children are more exposed to pesticides than nonfarm children, but the 
exposure is generally below EPA reference doses [Curwin 2002, 2005, 2005, 
2006, submitted]. 

Researchers at the University of Iowa have initiated further research on the take-home 
pesticide issue. The study protocol was largely developed based on results from our 
take home study. NIOSH has been asked to be a collaborator on this initiative. 
 
Engineering Controls 

Working collaboratively with 
manufacturers of 
environmental enclosures for 
tractors and with commercial 
pesticide applicators, AFF 
Program researchers were able 
to conduct measurements of 
airborne particulate in the 
working area of the pesticide 
applicator to demonstrate that 
these enclosures were able to 
provide a 50-fold reduction in 
exposure [Heitbrink 2003; 
Moyer 2005]. This was 
accomplished in four separate 
projects by: 

• developing partnerships with manufacturers of environmental enclosures for 
tractors and with commercial pesticide applicators 

• developing measurement techniques for quantifying aerosol exposures of this 
nature in the environment of interest 

• establishing a baseline exposure during application of pesticide 
• establishing procedures for reducing aerosol infiltration into cab 
• re-evaluating exposures during application in modified cab 
• promoting procedure for reducing aerosol infiltration for industry use 
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To provide insights into specific causes of the workers’ exposures from integrated air 
sampling data, direct reading instruments for continuous monitoring of a worker’s 
environment were used. When these instruments are used in conjunction with video 
recording equipment, they permit better assessment of the association of events and 
exposures. This allows more effective and focused recommendations for controlling 
the air contaminant exposures. AFF researchers developed a systematic approach to 
help identify the sources of workers’ exposures and to provide an effective means for 
communicating the results to workers and management [Heitbrink, 2000, 2003].  
 
This work makes use of the ability to conduct measurements of airborne particulate 
over a concentration range of several orders of magnitude and the ability to classify 
those aerosol particulates according to size to further define their toxicological effect. 
The measurements of airborne particulates in the working area of the pesticide 
applicator demonstrated that the enclosures suggested were able to provide a 50-fold 
reduction in exposure [Heitbrink 2003]. The video exposure monitoring techniques 
developed by AFF Program researchers were used to enhance controls for materials 
weigh out operations, bag dumping, maintenance, and bulk loading procedures, to list 
a few. (Appendix 5.2a-10) 
 
These have been used to generate and quantify nanoparticles in the environment; 
reduce emissions from asphalt equipment; document hearing loss in migrant farm 
workers; and develop guidance for protecting building environments from airborne 
chemical, biological, and radiological attacks. 
 
Another effort involved reducing carbon monoxide (CO) exposure. AFF program 
researchers have conducted an extensive amount of work to better understand how 
CO poisoning can occur with small gasoline-powered engines and tools such as 
power washers used to clean barn floors and equipment. This effort multidisciplinary 
effort involved surveillance, epidemiology, industrial hygiene, and engineering 
controls. AFF researchers were able to document the extent of the problem, show 
how quickly hazardous CO concentrations can be developed and recommend control 
solutions. In 1996, NIOSH published the Alert: Preventing Carbon Monoxide 
Poisoning from Small Gasoline-Powered Engines and Tools (NIOSH Publication No. 
96–118) in cooperation with the Colorado Department of Public Health and 
Environment, the U.S. Consumer Product Safety Commission, OSHA, and EPA. As 
with many engineering problems, the approach was to quantify the problem and 
identify its source, isolate and/or control the source, and re-evaluate the exposure to 
determine the effectiveness of the controls.   
 
Analytical Methods Research and Field Support:  Key elements in pesticide exposure 
field studies are the ability to accurately sample and quantify exposures, distinguish 
exposure route(s), and determine the impact of worker actions on exposure. The AFF 
Program's methods development research program provides this by developing new 
methods and providing analytical services. Development of 11 new multi-analyte 
pesticide methods has supported the following research efforts: an agricultural health 
study, neurological effects of organophosphate pesticides in structural applicators, 
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herbicide exposure assessment among custom applicators, and effectiveness of hand 
washing in reducing agriculture worker exposure to pesticides, take-home 
pesticides, and greenhouse workers (Appendices 5.2a-09, 5.2a-11, 5.2a-12, 5.2a-13, 
5.2a-14).  

 5.2b  Cancer  

Several projects have been developed to address the higher incidence of cancer found 
in farmers and their families. 
 
Cancer Control Demonstration Projects for Farming Populations:  Although, 
overall, farmers experience lower cancer rates than the U.S. population, they are 
nevertheless at increased risk for certain site-specific cancers, such as brain, stomach, 
lymphatic, hematopoietic, lip, prostate, and skin cancer. In addition, compared to 
urban populations, rural cancer patients are more likely to be diagnosed at later stages 
of disease and are at a more advanced state of illness when referred to home health 
care agencies. In an effort to more fully address the health needs of farmers and their 
families, AFF developed the Cancer Control Demonstration Projects for Farming 
Populations in 1990. (Appendix 5.2b-01) 
 
Our health studies conducted in the past decade focusing on cancer in the agricultural 
population found the following: 

• Wisconsin white, male farmers had significantly lower mortality risks than 
comparable nonfarmers for melanoma (SMR: 0.66; 95% CI: 0.33-0.99) and 
colon cancer (SMR: 0.76; 95% CI: 0.60-0.93), a nonsignificant decrement for 
non-Hodgkin's lymphoma (SMR: 0.93; 95% CI: 0.65-1.21), and a 
nonsignificant increase for rectal cancer (SMR: 1.01; 95% CI: 0.61-1.42). 
This study corroborates numerous investigations demonstrating that farmers 
generally experience the same or lower mortality risks for these malignancies 
than the U.S. population [Hanrahan 1996]. 

• An increase in the proportion of advanced malignancies among rural residents 
may be due to reduced availability of screening services, demographic 
characteristics, and access to health care. In at-home interviews in 33 
nonmetropolitan Iowa counties, 1,126 farmers collectively were older, more 
likely to have health insurance, and had lower incomes than 1,092 nonfarmers. 
Farm men were less likely to have had a checkup or prostate cancer screening 
during the past year than nonfarm men. Farm women older than 50 were less 
likely than nonfarmers to have had mammograms but more likely to have had 
sigmoidoscopy. Farm women aged 40–49 were more likely than nonfarmers 
to have had mammograms. Farm women and men were almost twice as likely 
as nonfarmers to have had skin exams. Controlling for demographic 
characteristics and insurance coverage, farmers and nonfarmers were equally 
likely to use multiple screenings according to American Cancer Society 
guidelines. Because of the increased risk of breast cancer among women older 
than 50, interventions aimed at increasing utilization of mammography should 
be implemented. Although the farm population was more likely to use skin 
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examinations, prevalence should be increased substantially to counteract the 
continuing rise in skin cancer [Muldoon 1996]. 

Upper Midwest Health Study; a Population-Based Case-Control Study of Primary 
Intracranial Glioma Among Rural Residents: The known elevated incidence of brain 
cancer found among farmers was the impetus for this study. The study focused on 
Iowa, Michigan, Minnesota, and Wisconsin for several reasons: (1) CDC/WONDER 
showed elevated brain cancer incidence in the Upper Midwest; (2) collaborations had 
already been established with investigators in those States; and (3) those four States 
have substantial farm populations. The study objective was to identify rural or farm 
risk factors for primary intracranial gliomas and to evaluate the impact of genetic 
polymorphisms with their associated relevant exposures on susceptibility to gliomas 
(Appendix 5.2b-02). This research found the following: 

• Moving to a farm as an adolescent (aged11–20) versus as an adult was 
associated with a greater risk of glioma [Ruder in Press]. This may point the 
way to interventions to protect adolescents. 

• No evidence for association of pesticide exposure and glioma risk was found 
[Ruder 2006]. Further work may confirm that exposure levels of nonpesticide-
using adults are indeed not carcinogenic, thus focusing intervention efforts on 
pesticide users. 

• Compared with women who never breast-fed, women who breast-fed >18 
months over their lifetime were at increased risk of glioma [Carreon 2005]. 

Another study focused on prioritizing pesticide exposure for a brain cancer case-
control study using a subset of 134 pesticides that had been documented for their 
historical use in agricultural work [Sanderson 1997]. The methods developed for this 
study may be useful in prioritizing pesticides for other research studies.  

 
 5.2c  Neurological Disease 

Neurological Effects of Organophosphate Pesticides 
in Structural Applicators: Whether chronic low level 
pesticide exposure leads to neurological damage is 
an important public health question in the United 
States affecting potentially hundreds of thousands of 
agricultural and nonagricultural workers. 
Neurological Effects of Organophosphate Pesticides 
in Structural Applicators, funded by the EPA, began 
to address this question in 1996 by studying 
neurological function in 191 current and former 
termiticide applicators that had an average 2.4 years 
applying chlorpyrifos and 2.5 years applying other 
pesticides, and comparing their performance to that 
of 189 nonexposed controls (Appendix 5.2c-01).   
 

 

Grower applies low-insecticide 
bait that is targeted against 
western corn rootworms feeding on 
and laying eggs in these soybeans. 
Source USDA 2006. 
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Neurobehavioral Assessment 

A number of different projects and activities addressed this program area. These 
include the following: 

• neurobehavioral testing of migrant workers with exposure to organophosphate 
compounds  

• neurobehavioral testing of pest control operators with exposure to methyl 
bromide and sufuryl flouride  

• neurobehavioral testing of pest control operators with exposure to chlorpyrifos 
• neurobehavioral testing of orchardists (with multiple pesticide exposures) and 

their families in a home setting  
• development and assessment of a new test battery, aimed at revealing 

peripheral nervous system effects 

Key findings from these health studies on neurological diseases among the farming 
community [Dick 2001, Hines 2001, MacKenzie 2000, Steenland 2000, Steenland 
1994, Calvert 1998] included the following: 
 
Limited acute effects, primarily on measures of postural sway, were found using a 
chlorpyrifos urinary metabolite as a measure of current chlorpyrifos exposure.   
Determinants of airborne chlorpyrifos exposure included minutes of chlorpyrifos 
application and working inside an enclosed crawl space. Determinants of urinary 
metabolite levels included day-of-the-week, chlorpyrifos air concentrations 1 and 2 
days before urine collection, working inside an enclosed crawl space, and treating a 
commercial structure. Applicator’s weekly mean metabolite levels and weekly mean 
chlorpyrifos air concentrations were highly positively correlated.  
 
An improved immunoassay method for the major human metabolite of chlorpyrifos in 
urine was strongly correlated with conventional analysis by GC/MSD. The method is 
useful for screening occupational exposure to chlorpyrifos. 
 
Chlorpyrifos-exposed termiticide applicators reported more neurological symptoms 
than nonexposed controls. Few exposure-related effects were found for most 
neurological tests, and exposed and nonexposed groups did not differ for any test in 
clinical examination; however, exposed applicators perform less well on some tests. 
A pattern of delayed effects for applicators reporting prior poisoning was suggested.   
Organophosphate pesticide poisoning was associated with significant declines in 
sustained visual attention and changes in self-reported mood. Men with documented 
cholinesterase inhibition or who had been hospitalized for organophosphate pesticide 
poisoning, had significant changes in vibration sensitivity. 
 
Sulfuryl fluoride exposure was associated with significantly reduced performance in 
tests of pattern memory and sense of smell. Fumigation workers also had significantly 
diminished dexterity in their dominant hand. 
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 5.2d  Adverse Reproductive Outcomes 

Birth Defects and Parental Occupational Exposures: The relationship between 
parental pesticide exposure and birth defects is controversial. The Birth Defects and 
Parental Occupational Exposures project began in 2002 to focus on conducting a 
detailed exposure assessment of several maternal occupational exposures, including 
insecticides, herbicides, and agricultural fungicides. (Appendices 5.2d-01, 5.2d-02, 
5.2d-03, 5.2d-04) The exposure data will be used for etiologic analyses of birth data 
and other information collected by CDC’s NCBDDD to evaluate if maternal 
occupational pesticide use is related to birth defects in offspring. (Appendix 5.2d-05) 
 
Reproductive Health Assessment of Agriculture Workers and Their Families 

An ever-increasing number and variety of chemicals are used in agriculture that are 
known to be reproductive toxicants and endocrine disrtuptors. A prime example of 
these chemicals that pose great risk in agriculture are pesticides. Agriculture workers, 
their families, and the surrounding communities are at risk of exposure to these 
chemicals through the air, soil, food, or water, or through contamination brought 
home by agricultural workers, e.g., on their clothes.       
 
The AFF Reproductive Health Assessment Team has taken a multipronged integrated 
approach to assess the reproductive health of agricultural workers and their families. 
A report by the President’s National Science and Technology Council (NSTC) 
Committee on Environment and Natural Resources, “The Health and Ecological 
Effects of Endocrine Disrupting Chemicals: A Framework for Planning,” provides a 
framework for planning Federal research related to the human health and ecological 
effects of endocrine disrupting chemicals, and categorizes three major areas needing 
research: 1) methods development, 2) model development, and 3) laboratory and field 
acquisition. AFF addressed each of these research areas by: 

• developing sensitive and specific methods to biologically monitor 
reproductive health, (Appendices 5.2d-01, 5.2d-02, 5.2d-03, 5.2d-04) 

• developing an animal model to study chemical reproductive toxicity, and  
• conducting population studies using biomarkers to assess reproductive health 

in a variety of populations potentially exposed to a range of chemicals found 
in agriculture; many in these populations are underserved and vulnerable. 
(Appendix 5.2d-05) 

Many of the studies conducted within the framework of this program evaluate the 
health effects of endocrine disrupting chemicals. Mixtures are generally formulated 
with insecticides and fungicides that are known to be synergistic (estrogenic and 
antiandrogenic). Male rabbits were exposed during their adolescence to demonstrate 
effects and provide guidance for the human study. Study populations included the 
following: 

• young adult men and women in Hawaii exposed to a heptachlor in utero or 
during breast feeding  
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• an agriculture community in Illinois drinking ground water with high levels of 
atrazine 

• pesticide appicators in Minnesota, Iowa, and Ontario 
• a subsistence Native American community exposed to DDT in their soil, 

water, and food 
• couples from the Texas gulf coast and Michigan exposed to pesticides in the 

environment, who were trying to conceive 

As a result of this research, AFF has successfully developed both new methods of 
research and new models of research. These include the following: 
 
Methods Developed   

• sperm migration assay to measure sperm motility in specimens shipped 
overnight [Turner 2006] 

• demonstration of the superiority of an LH immunoassay to reliably measure 
the preovulatory surge in urine [Kesner 1998] 

• an algorithm for detecting features of the hormone profiles of the human 
menstrual cycle [Krieg 1999] 

• endocrine markers of ovulation and of nonconceptus menstrual cycles [Baird 
1999] 

• silastic condoms for collection of semen samples [Schrader 1997] 
• urinary creatinine measurement using multilayer dry film reagent technology 

[Knecht 2002] 

Models Developed   

• An animal model was developed to assess reproductive effects of pesticides 
(endocrine disruptors) during the peripubertal period. The rabbit was selected 
as the test species, since it has proven to be an excellent species for modeling 
reproductive toxicant effects in the male. The rabbit model was used to assess 
vinclozolin. Under the conditions of the study, vinclozolin reduced pubertal 
weight gain, weight of the accessory sex glands at maturity but paradoxically 
was associated with increased sperm count [Moorman 2000b]. 

• A model was developed to prioritize toxic chemicals for research. This model 
is ideal for use to prioritize chemicals found in agriculture, especially 
pesticides [Moorman 2000a]. 

In addition, significant findings from population studies include the following: 

• 2,4D residues are present in the semen of about 50% of the participants in 
levels proportional to urinary 2,4-D levels [Arbuckle 1999]. 

• Agricultural workers who applied fungicides experienced a lower percentage 
of normal sperm morphology and lower sex ratio (male:female) of children 
they father, which in turn was correlated with serum testosterone levels of the 
men [Schrader 2000]. 
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• The hand-held, backpack sprayer is the applicator method associated with 
highest urinary 2,4-D levels in men [Garry 2001]. 

• High urinary 2,4-D levels are associated with altered luteinizing hormone, 
follicle stimulating hormone, and testosterone levels and altered genomic 
stability (measured by V(D) J rearrangement frequency), which appears 
reversible [Garry 2001].  

• Pesticide adjuvants exhibited positive dose-response for in vitro genotoxicity 
effects [Garry 1999]. 

• Preliminary data reveal that serum DDT levels in subsistence Native 
American women are directly correlated with follicular phase LH levels and 
inversely correlated with luteal phase FSH levels [Wainman 2004]. 

 5.2e  Respiratory Disease 

Prevention of Occupational Respiratory Disease in Agriculture:  This project 
addresses the knowledge gaps regarding respiratory health outcomes in agriculture 
including asthma, hypersensitivity pneumonitis, chronic bronchitis, and agricultural 
respiratory exposures. To accomplish the goal, we partnered with two existing studies 
to gather respiratory health outcomes data—the Agriculture Health Study (AHS) and 
the USDA NASS.   
 
The AHS is one of the hallmark efforts currently underway on agricultural health in 
the United States. The study was initiated in 1993 by NCI, NIEHS, and EPA. The 
study uses a longitudinal cohort design and evaluates how lifestyle habits, genetic 
factors, and agricultural exposures at work and in the environment contribute to the 
risk of disease. More than 89,000 certified farmer pesticide applicators and their 
spouses from North Carolina and Iowa and licensed commercial pesticide applicators 
from Iowa are included in the study making it one of the largest agricultural health 
studies ever conducted in the United States. This large cohort provides a unique 
opportunity to apply our resources for the study of respiratory health outcomes in 
agriculture including asthma, hypersensitivity pneumonitis, and chronic bronchitis 
with the study of both prevalent and incident disease patterns, as well as risk factors 
related to pesticide and nonpesticide exposures.  
 
This project also provides for collaboration on a national survey completed through 
contract with the USDA/NASS. The respiratory focus will be on asthma and 
respiratory exposures. The survey will target 25,000 farm operators nationally 
stratified by geography and commodity providing a large, representative sample. 
Results from these efforts will be shared with our partners nationally and applied to 
better direct exposure reduction and respiratory disease prevention efforts in 
agriculture. Study outcomes may also identify new research needs or be used to 
initiate new research studies addressing pesticide exposure and respiratory disease in 
agriculture.     
 
Preliminary findings are showing some previously unrecognized (and unreported in 
the agricultural health literature) associations between pesticide exposures and 
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respiratory health outcomes including chronic brohchitis, hypersensitivity 
pneumonitis, and asthma [Valcin 2006, Hoppin 2006, Hoppin Accepted]. Results 
from these efforts will be applied to better direct exposure reduction and respiratory 
disease prevention in agriculture. These preliminary findings also have moved 
researchers at NIOSH, NIEHS, and NCI to action in developing a new case control 
study addressing pesticide exposure, diesel exposure, and occupational asthma in  
 agriculture. Study outcomes may also identify other new research needs or be used to  
 initiate new research studies addressing pesticide exposure and respiratory disease. 
(Appendix 5.2e-01) 
 
The AFF Program has also focused on preventing organic dust toxic syndrome. Some 
of our successes in this area include the following: 

• A NIOSH Alert was developed 
based on composite findings 
from several HHE projects/ 
investigations to summarize 
findings on the occurrence of 
organic dust toxic syndrome and 
to provide national guidance on 
prevention [NIOSH 1994]. 
(Appendix 5.2e-02)  

• A NIOSH hazard control was 
developed in conjunction with 
the NYCAMH. This new 
exposure control is focused on 
reducing the massive organic 
dust exposures from 
mechanically chopping bedding 
in animal confinement 
facilities. This hazard control 
was distributed nationally by 
NIOSH and by NYCAMH 
[NIOSH 1997].  

• Two articles were published in 
the American Journal of 
Industrial Medicine (AJIM) 
describing our investigation of a 
case of acute respiratory illness, 
requiring hospitalization, following organic dust exposures from compost 
materials, and subsequent laboratory-based animal exposure studies on 
pulmonary response models. The articles illustrate some of the clinical 
difficulties in differentiating hypersensitivity pneumonitis from organic dust 
toxic syndrome following massive organic dust exposures, and show that 
animal exposure models can be useful in predicting the potential respiratory 

 
Dusts from Silo Uncapping 

Organic Dusts from Bedding Chopping 
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hazards associated with exposure to various organic dusts [Frazer 1993, 
Weber 1993].  (Appendices 5.2e-02, 5.2e-03, 5.2e-04, 5.2e-05, 5.2e-06) 

 5.2f  Disease Interventions 

Several of the studies related to specific diseases, especially cancer, included 
intervention efforts to reduce exposure and/or disease. Some of the findings from the 
interventions attempted include the following: 

• An intervention of mailed pesticide information, educational programs on 
pesticides for physicians, elementary school training modules on pesticides, 
and safe pesticide handling displays in key business areas was delivered to 
pesticide-using farmers in two counties. The use of gloves and other 
protective clothing while handling pesticides increased in the intervention 
group over that in pesticide-using farmers in two counties not receiving 
interventions. Improvement was greater in those who had used protective 
equipment the least before the intervention [Weber 1993]. 

• Interventions at rural Iowa supermarkets (including flyers that identified fruits 
and vegetables on sale, recipes, menu ideas, a 50-cent coupon, and food 
demonstrations and nutrition-related signs) were evaluated with exit 
interviews and take-home surveys at baseline and approximately 1 year later. 
At follow-up, 43% of intervention store shoppers and 7% of control shoppers 
recalled seeing the flyer, 36% of intervention shoppers had used the coupon, 
and 18% had used a recipe. Purchase of fruits or vegetables on the interview 
day did not differ between intervention and control stores [Kristal 1997].  

• Individual mailings containing information about breast cancer risk and 
community sources for screening, and information and screening were 
provided at county and community fairs. Rural participants in both 
intervention and control communities demonstrated significant changes in 
knowledge and attitudes about breast cancer. Education—rather than income, 
insurance coverage, or family history of breast cancer—was the most 
significant predictor associated with greater use of mammography [Gardiner 
1995].  

• Bilingual health educators met with farm worker communities near Merced 
and Modesto, CA, to determine barriers to seeking screening for breast and 
cervical cancer. Cancer education and screening program participants received 
a presentation in Spanish on breast and cervical cancer that included a pretest 
and posttest to assess increases in knowledge. Data from pretests and posttests 
indicated a statistically significant increase in knowledge about cancer and its 
prevention among participants. Clients were encouraged to receive free breast 
and cervical cancer screenings: 20% of participants redeemed vouchers for 
cancer screenings [Goldsmith 1996]. 

• A situation analysis identified constraints and opportunities for providing farm 
workers with cancer control information and services. Based on what was 
learned, recommendations for designing cancer control research and 
intervention for farm workers, especially migrant farm workers, include on-
the-spot Pap smear determination so any warranted additional exam or 
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treatment can be done during the same visit, holding health fairs at migrant 
camps and day care centers, and insuring that staff include Spanish and 
Haitian speakers [Hooks 1996]. 

• Telephone interviews in six rural counties obtained data on chemically 
resistant glove and other protective equipment use as they relate to the type of 
farming practice, demographic characteristics of farmers and their farming 
operations, farmers' preventive health beliefs and behaviors, and factors 
related to their health care. Ninety-five percent of pesticide users believed in 
the effectiveness of protective equipment, 88% believed pesticide exposures 
were harmful, 56% wore chemically resistant gloves, and 22% wore other 
protective clothing >75% of the time when using pesticides. Glove use and 
certification to use restricted pesticides were less frequent for women [Mandel 
1996]. 

5.3  Selected Outputs 

The AFF has been successful in authoring publications of more than 400 articles in 
juried publications reporting the findings of our work, as well as abstracts, 
manuscripts, and book chapters. Almost all of these publications have been cited 
numerous times in the literature proving that this information is getting to its intended 
audiences. A bibliography is at the end of this chapter. 
 
As cited earlier in this chapter, our research has been extremely effective in fostering 
new collaborative links with other Federal agencies, State health departments, 
universities, and the private sector. Such collaborative work has extended not only the 
breadth of our research, but also the reach of our findings to additional target 
audiences. This has enabled us to create educational materials that convert commonly 
understood prevention techniques and research findings into usable, occupationally 
specific guidance for farmers, farm workers, and their families. These materials can 
be used by farm worker organizations. 
 
Selected outputs of note include the following. 

NIOSH Published Analytical Methods 

• NMAM 5602: Chlorinated Organonitrogen Herbicides (Air Sampling) 
• NMAM 9200: Chlorinated Organonitrogen Herbicides (Hand Wash) 
• NMAM 9201: Chlorinated Organonitrogen Herbicides (Dermal Patch) 

These methods are detailed sampling and analytical procedures for measuring 
chlorinated organonitrogen herbicides in air, hand rinse, and dermal patch samples. 
The methods expand the capability of researches and practitioners to measure the 
exposure of farmers, farm workers, families, and others to this class of herbicides in 
several exposure matrices. In particular, two of the methods address dermal exposure, 
an often important route of exposure to pesticides.  Accurate measurement and 
characterization of exposure leads to improved risk assessment. 
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• Method 9202: Captan and Thiophanate-methyl in hand rinse (HPLC) 
• Method 9205: Captan and Thiophanate-methyl in dermal patch (HPLC) 
• 6Method 9208: Captan in Air Samples by GC/MS 

These methods are detailed sampling and analytical procedures for measuring captan 
and thiophanate-methyl in air, hand rinse, and dermal patch samples. The methods 
expand the capability of researchers and practitioners to measure the exposure of 
farmers, farm workers, families, and others to captan and thiophanate-methyl in 
several exposure matrices. In particular, two of the methods address dermal exposure, 
an often important route of exposure to pesticides.  Accurate measurement and 
characterization of exposure leads to improved risk assessment. 
 
From 1996 to 2005, we have developed and issued 12 methods (added to the NIOSH 
Manual of Analytical Methods, 4th ed.) and developed or updated 13 more methods 
that are applicable to monitoring chemicals used by agricultural workers. The NMAM 
(1994 ed.) had already contained 21 methods for monitoring chemicals used in 
agriculture. We have analyzed more than 22 sequences (more than 9,000 field 
samples) related to the field studies mentioned above. We have also conducted work 
to develop or improve the 25 methods mentioned above.   

Papers 

Carreón T, Butler MA, Ruder AM, Waters MA, Davis-King KE, Calvert GM, Schulte 
PA, Sanderson WT, Ward EM, Connally LB, Heineman EF, Mandel JS, Morton RF, 
Reding DJ, Rosenman KD, Talaska G, Brain Cancer Collaborative Study Group 
[2005]. Gliomas and farm pesticide exposure in women. Environ Health Perspect 
113(5):546–551. (No evidence for association of pesticide exposure and glioma risk 
was found. Further work may confirm that exposure levels of nonpesticide-using 
adults are indeed not carcinogenic, thus focusing intervention efforts on pesticide 
users.) 
 
Curwin B, Hein M, Sanderson W, Barr D, Reynolds S, Ward E, Alavanja M [2005]. 
Urinary and hand wipe pesticide levels among farmers and non- farmers in Iowa. 
Journal of Exposure Analysis and Environmental Epidemiology 15(6):500-508. 
 
Hines CJ, Deddens JA, Tucker SP, Hornung RW [2001]. Distributions and 
determinants of pre-emergent herbicide exposures among custom applicators. Annals 
Occup Hyg 45:227–239. [cited 9 times] (This paper examined the extent of exposure 
of custom applicators to several commonly used herbicides applied to corn and 
soybean fields. Custom applicators are among the heaviest herbicide users in the 
United States. This study had a strong design in that applicators were systematically 
sampled at regular intervals that included spray and nonspray days (to approximate 
random sampling), repeated measurements (to estimate within- and between-worker 
variability) were obtained on each applicator, and multiple herbicides were measured 
in dermal, urinary, and salivary matrices. This study was also one of the earliest 
applications of mixed-effect regression models to identify exposure determinants in 
agriculture. Among the identified determinants, wearing gloves significantly reduced 
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hand exposure and thigh exposure when herbicide was sprayed; however, wearing 
gloves was significantly associated with increased atrazine hand and thigh exposure 
on days that nonatrazine herbicides were sprayed. Herbicide exposure on nonspray 
days was widespread and indicated that a complete characterization of custom 
applicator herbicide exposures should include both spray and nonspray days. This 
study involved both intramural and extramural research to identify new herbicide 
metabolites and to develop new and innovative analytical methods for measuring 
herbicides in dermal and biological samples. This paper won the NIOSH 2002 Alice 
Hamilton Award for best paper in Human Studies.)   
 
Ruder AM, Waters MA, Carreón T, Butler MA, Davis-King KE, Calvert  GM, 
Schulte PA, Ward EM, Connally LB, Lu J, Wall D, Zivkovich Z, Heineman EF, 
Mandel JS, Morton RF, Reding DJ, Rosenman KD, Brain Cancer Collaborative Study 
Group [2006]. The upper midwest health study, a case-control study of primary 
intracranial gliomas in farm and rural residents. J Agric Safe Health 12:255-274. 
(Moving to a farm as an adolescent [11–20] versus as an adult was associated with a 
greater risk of glioma [OR 1.96, CI 1.13-3.39]. This may point the way to 
interventions to protect adolescents.) 
 
Ruder AM, Waters MA, Butler MA, Carreón T, Calvert GM, Davis-King KE, Schulte 
PA, Sanderson WT, Ward EM, Connally LB, Heineman EF, Mandel JS, Morton RF, 
Reding DJ, Rosenman KD, Talaska G, Brain Cancer Collaborative Study Group 
[2006]. Gliomas and farm pesticide exposure in men. Arch Environ Health 59:650-
657. (No evidence for association of pesticide exposure and glioma risk was found. 
Further work may confirm that exposure levels of nonpesticide-using adults are 
indeed not carcinogenic, thus focusing intervention efforts on pesticide users.) 
 
Sanderson WT, Talaska G, Zaebst D, Davis-King K, Calvert G [1997]. Pesticide 
prioritization for a brain cancer case-control study. Environ Res 74:133–144. (The 
methods used to select this subset of 134 pesticides document historical usage and 
may be useful in prioritizing pesticides for other research studies.) 

National and International Presentations  

Butler MA, Ruder AM, Levine AJ, Werren DM, ONeill VL, Masterson KJ, Schulte 
PA [1999].  Successes in biological specimen collection from cancer cases and 
controls in rural areas. Proc Am Assn Cancer Res 40:612.  Presented at the AACR, 
Philadelphia, PA, March. (This presentation and the paper [in preparation] offer 
guidance for collection of biological specimens in rural areas.)  
 
Curwin B, Hein M, Sanderson W, Barr D, Reynolds S, Ward E, Alavanja M [2004]. 
Urinary pesticide levels among farmers and nonfarmers in Iowa [Abstract]. Presented 
at X2004: Exposure Assessment in a Changing Environment, Utrecht University, The 
Netherlands, June 16–18. 
 
Hines CJ, Deddens JA, Striley CAF, Brown KK, Lu C, MacKenzie BA, Biagini RE, 
Shoemaker DA, Fenske RA, Hull RD [2004]. Biological monitoring for atrazine and 
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2,4-D among custom applicators. I. Results of exposure determinant modeling, 
X2004. Utrecht University, The Netherlands, June 16–18. 
 
Ruder AM, Butler MA, Sanderson W, Carreón T, Waters MA [2001]. Development 
of a retrospective pesticide reference database. Presented at the American Public 
Health Association meeting, Atlanta, GA, October. (Linking the reference database to 
the participant data allows us to convert trade names to generics. Data can be 
analyzed by individual generic, by class of pesticide (organophosphate, etc.), by 
carcinogenicity rating from the International Agency for Research on Cancer, and by 
the weight of evidence as to whether a pesticide has endocrine-disrupting 
activity. This database will be useful to others assessing self-reported pesticide 
exposure histories.) 
 
Waters M, Ruder A, Echeverria D [1999]. A new method for retrospective 
occupational exposure data collection in a case-control study of cancer. Proc Am 
Indus Hyg Conf Expos; 59A:46. Presented at the AIHCE, Toronto, Ontario, June. 
(Exposure specific followup questionnaires were developed for 22 exposure 
categories of interest, including pesticides, with questions about factors related to 
exposure intensity, duration, and frequency and protective equipment use. This new 
methodology improves the precision of exposure estimates.) 
 
A complete list of outputs can be found in section 5.9 at the end of this chapter. 
 
5.4  Intermediate Outcomes 

 5.4a  Extent of Exposure 

Exposure Biomonitoring: Results of our biomonitoring studies have been used by the 
EPA to re-evaluate uncertainty factors used in risk assessments and have applied 
them to new risk assessments and dose-response models [Environmental Protection 
Agency 2006].   
  
Results from our take-home pesticide study have been used by researchers at the 
Utrecht University, The Netherlands, and the University of Iowa to further their 
research in this field. At Utrecht University, researchers have conducted preliminary 
work on take-home pesticides. Discussions have been on-going with them to conduct 
additional pesticide take-home work among farmers in the Netherlands based on their 
preliminary results and from the NIOSH take-home pesticide study results [Heederik 
2006] 
 
Research developing standards for measurement of blood cholinesterases 
demonstrated that widely used commercial kits and procedures to measure ChEs in 
the rat and human are not conducted under optimum conditions and in some 
situations may yield grossly inaccurate results. Our work led to an approach to 
optimize the colorimetric assay which has been adopted by the State of California 
into their guidelines for clinical laboratories.   
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Further results of our work on cholinesterase have had a demonstrable impact in 
northwest agricultural safety and health. In 1995, a TAG formed by the WSDLI 
found that a cholinesterase monitoring program was technically feasible and 
necessary to protect worker health. The recommendations outlined in the TAG report, 
Cholinesterase Monitoring in Washington State, were used by the Washington State 
Supreme Court to decide if a monitoring system was feasible and their 
recommendations greatly informed the resulting program [Washington State 
Department of Labor and Industries 2006]. The TAG report recommended the 
following: 

• Medical supervision for workers who mix, load, or handle Class I or II OPs or 
carbamates. 

• Testing for workers who handle pesticides more than 3 consecutive days, or 
more than a total of 6 days in a 30-day period. 

• A single pre-exposure baseline measurement taken from workers each year 
prior to exposure. 

• Follow-up testing every 3 to 4 weeks (depending on spray cycle) until spray 
activities are completed for the season. 

• Removal of workers whose red blood cell cholinesterase is at or below 70% of 
baseline levels or plasma cholinesterase is at or below 60% of baseline. 
Workers would not be exposed to OP or carbamate pesticides until their 
cholinesterase levels return to 80% or more of their baseline.  

In 2000, the Washington State Supreme Court mandated that the WSDLI develop a 
Cholinesterase Monitoring Program for workers handling acutely toxic pesticides. 
The new rule was implemented in February 2004, requiring agricultural employers to 
provide blood testing to workers who handle organophosphorus and carbamate 
pesticides [Washington State Department of Labor and Industries 2005].    
 
Engineering Controls: AFF engineering control studies resulted in the development 
of voluntary standards by equipment manufacturers, based primarily on the EPHB 
particle size data, for cabs manufactured in the United States (American Society of 
Agricultural Engineers Standard S525).  An international committee has been formed 
including U.S. equipment manufacturers such as John Deere, Case / International 
Harvester, and Adco, to promote the ISO adaptation of similar standards for 
production of agricultural enclosures worldwide.  
 
Control of CO emissions resulted in the development of automatic engine shut-off 
sensors to stop equipment operation before CO concentrations reach hazardous levels.  

 5.4b  Adverse Reproductive Effects 

The project on Reproductive Health Assessment of Agriculture Workers and Their 
Families has helped direct further research in this area. In addition, a commercial 
diagnostics company (PerkinElmer) adapted two immunoassays developed by the 
program for manufacture and sales. 



Chapter 5. Goal 3: Agriculural Health Outcomes Res. on Exposures to Chemicals 

254 

 5.4c  Neurological Effects 

Subsequent to the AFF Program neurological effects study and taking into 
consideration other data, EPA banned the use of chlorpyrifos for residential use. This 
action was taken primarily to protect children. In addition, chlorpyrifos is no longer 
used as a termiticide, thereby eliminating its exposure to termite control workers 
[Environmental Protection Agency 2002]. 
 
5.5  End Outcomes 

Much work has been done to determine the extent of exposure of farm workers and 
their families to chemicals, primarily pesticides and herbicides, and several 
intermediate outcomes have been accomplished as documented above. Similarly, 
AFF Program surveillance and health studies have shown the association of these 
exposures with cancer, neurological diseases, respiratory effects, and reproductive 
effects. In addition, various interventions have shown to be effective in reducing both 
exposure and disease. However, we are still working to quantitatively document 
reduced exposures, morbidity, and mortality.  
 
Our efforts to date are critical to reaching our end outcomes. Without the laboratory 
methodologies we developed, we would be unable to measure actual exposure levels 
both in the environment and in humans. Similarly without surveillance we would not 
know the extent of disease, nor would we be able to measure any reductions. Finally, 
without the health studies we would be unable to draw the association between level 
of exposure and type of disease. All of these activities lay the foundation for 
achieving our end outcomes. 
 
5.6  External Factors  

Two areas that will shift the focus of AFF Program efforts relate to the changing 
demographics of the population of agricultural workers. First, the traditional farm 
family is changing. The population is aging and the number of small family farms is 
decreasing. With the reduction in traditional tobacco farming a large segment of small 
farms in the southeast United States will be changing to different crops or leaving 
farming altogether. Secondly, more and more farm workers are nonnative and/or 
migratory. Communication with these workers is difficult because of the language 
barrier and tracking them for any amount of time becomes problematic. 
 
In addition, the number and variety of chemicals used in agriculture continues to 
increase, providing a challenge to prioritize and assess the toxicity in humans. 
Advances in our understanding of the toxicity of endocrine disruptors, for example, 
highlight the threat of many agricultural chemicals. New methods continue to be 
needed to provide researchers with state-of-the-art biological markers of disease. 
 
Finally, an increased emphasis on worker protection related to terrorist and disaster 
incidents is anticipated. 
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5.7  Future Directions 

AFF Program researchers will continue to develop new laboratory methods to assess 
worker exposures to agricultural chemicals. These methods are proceeding in two 
primary directions; multiplexed methods (i.e., measuring multiple analytes 
simultaneously in a single sample) and field portable methods. These will allow rapid 
determination of exposures in the field and also provide near instantaneous evaluation 
of control practices. NIOSH has expanded its capacity to conduct research into 
biomonitors of effect. New technology is allowing researchers to examine minute 
changes in proteins, genes, and enzymes in biological fluids that are indicative of 
very early stages of disease, long before clinical signs may develop. Further pursuit of 
these techniques will allow for very early intervention to prevent more severe disease. 
Engineering control research will continue. Aerosol research will also continue to 
develop information and measurement techniques relevant to small particle 
exposures, with nanoparticles becoming a significant portion of this work. 
With regard to cancer research, data analysis is ongoing for The Upper Midwest 
Health Study; a Case-Control Study of Primary Intracranial Gliomas among Rural 
Residents, so some still unresolved questions in glioma etiology may be answered by 
future analyses. Analysis of data on pesticide users (on the farm, in the house and 
garden, and on nonfarm jobs) is the top priority. Analysis of the relation of other 
uniquely farm exposures (raising crops and animals, handling manure, using farm 
equipment) is also a high priority. This analysis may provide some understanding of 
why farmers are at higher risk of brain cancer, as well as pointing the way toward 
working to reduce the relevant exposures.   
 
The critique of Cancer Control Demonstration Projects for Farming Populations 
suggested that one future role for the AFF Program was in publishing guidelines for 
organizing cancer prevention and control projects among farming populations. This 
overall evaluation and summation of the project remains to be done. Another role 
suggested was the convening of Federal agencies and national associations to assure 
the dissemination of findings, such as the Agricultural Safety and Health Conference 
held in Morgantown, West Virginia, in 1997.  
 
As data analysis has not yet begun for Birth Defects and Parental Occupational 
Exposures, no future directions have been identified or have been planned to date. 
 
The AFF plans to continue with some existing collaborations with the following 
activities:  

 
Agricultural Health Study - This collaboration with NCI/NIEHS/EPA on a 90,000 
person study will provide useful information on the potential relationship between 
farm exposures and a variety of health outcomes. A study of this size is only feasible 
via collaborative efforts with other federal agencies. NIOSH is contributing expertise 
in exposure assessment methods and respiratory disease. 
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CDC Birth Defects Registries - This collaboration with the CDC NCBDDD and 
several state birth defect registries is in data collection phase but will provide the 
opportunity to evaluate any potential relationship between occupational exposures, 
such as pesticides, and birth defects. This is very good example of research that 
would not be possible without partnering with another agencies with similar interests.    

 
Extent of Exposure - the Environmental Protection Agency is a key partner is our 
efforts to better characterize exposures to pesticides. We anticipate that we will 
continue to develop biomonitoring methods to detect pesticide exposures in 
agriculture workers and to conduct field investigations to characterize the 
determinants of exposures and identify effective interventions.  
 
5.8  List of NIOSH projects that are included in this chapter 

• DART-92700A2-Immunochemical Biological Monitoring for Occup Exp & 
Dis (Appendix 5.2a-01) 

• DART-9278234-Use of a Hepatocyte Model for Identifying Biomarkers 
(Appendix 5.2a-02) 

• DART-9278314-A Method for Simultaneous Analysis of Multiple Pesticides 
(Appendix 5.2a-03) 

• DART-9278351-Biomonitoring Methods for Agricultural Exposures 
(Appendix 5.2a-04) 

• DART-9278159-Pesticides by GC-AED (gas chromatography-atomic 
emission detector) (Appendix 5.2a-05) 

• DART-VQK425-Short-term Method Development to Support Field Studies 
(Appendix 5.2a-06) 

• DART-9278484-Method development for Field Research (Appendix 5.2a-07) 
• DART-9278413-Analytical Method Development for Emerging problems 

(Appendix 5.2a-08) 
• DSHEFS-9277421-Take-home Pesticide Exposure (Appendix 5.2a-09) 
• DRDS-9278113-Environmental Tractor Cab System Integrity (Appendix 

5.2a-10) 
• DSHEFS-9277132-Ag Health Study, Pesticide Exposure Among Farmer 

Applicators (Appendix 5.2a-11) 
• DSHEFS-9278573-Emerging Agricultural Problems – effectiveness of hand 

washing in reducing agricultural worker exposure to pesticides (Appendix 
5.2a-12) 

• DSHEFS-9278578-Pesticide Exposure of Rose Greenhouse Workers 
(Appendix 5.2a-13) 

• DSHEFS-9278605-Herbicide Exposure Assessment Among Custom 
Applicators (Appendix 5.2a-14) 

• DSHEFS-9278577-Cancer Control Demonstration Projects for Farming 
Populations (Appendix 5.2b-01) 

• DSHEFS-9278514-A Case-Control Study of Primary Intracranial Gliomas 
Among Rural Residents (Appendix 5.2b-02) 

app5.2a-01.pdf
app5.2a-02.pdf
app5.2a-03.pdf
app5.2a-04.pdf
app5.2a-05.pdf
app5.2a-06.pdf
app5.2a-07.pdf
app5.2a-08.pdf
app5.2a-09.pdf
app5.2a-10.pdf
app5.2a-10.pdf
app5.2a-11.pdf
app5.2a-12.pdf
app5.2a-12.pdf
app5.2a-13.pdf
app5.2a-14.pdf
app5.2b-01.pdf
app5.2b-02.pdf
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• DSHEFS-9278570-Neurological Effects of Organophosphate Pesticides in 
Structural Applicators (Appendix 5.2c-01) 

• DART-VOO8006-Investigations of Pesticides as Endocrine Disruptors 
(Appendix 5.2d-01) 

• DART-92700A1-Reproductive Health Assessment of Male Workers 
(Appendix 5.2d-02) 

• DART-9278278-Methods for Assessing Male Reproductive Toxicity 
(Appendix 5.2d-03) 

• DART-9278287-Methods to Evaluate Reproductive Potential of Women 
(Appendix 5.2d-04) 

• DSHEFS-9278428-Birth Defects and Parental Occupational Exposures 
(Appendix 5.2d-05) 

• DRDS-927Z1NG-Prevention of Occ. Respiratory Disease in Agriculture 
(Appendix 5.2e-01) 

• DRDS- VKH8215-Ag Dusts: Field-Based Evaluation of Exposures & Acute 
Respiratory Illness (Appendix 5.2e-02) 

• DRDS-9278165-Agricultural dusts: Animal models of asthma (Appendix 
5.2e-03) 

• DRDS-9278163-Agricultural Dusts:  Elucidation of Disease Mechanisms 
(Appendix 5.2e-04) 

• DART-9278430-Method Development for Fungi in Occupational Diseases 
(Appendix 5.2e-05) 

• DART-9278456-Applied Monitoring Studies (Appendix 5.2e-06) 
 
5.9  Outputs 

Analytical Methods 

A Computer Program to Promote Understanding of the Monitoring Method 
Evaluation Guidelines Used at NIOSH - M. T. Abell and E. R. Kennedy [1997] 
 
A Laboratory Comparison of Two Media for Use in the Assessment of Dermal 
Exposure to Pesticides - C. D. Lorberau and J. L. Pride [2000] 
 
A Sampling and Analytical Method for the Simultaneous Determination of Multiple 
Organonitrogen Pesticides in Air - E. R. Kennedy, J. Lin, J. M. Reynolds and J. B. 
Perkins [1997] 
 
Analytical Performance Criteria Standards Activities of the ASTM International 
Committee on Atmospheric Sampling and Analysis - K. Ashley [2004] 
 
An Evaluation of Worker Lead Exposures and Cleaning Effectiveness During 
Removal of Deteriorated Lead-Based Paint - A.L. Sussell, C. Hart, D. Wild and K. 
Ashley [1999] 
 

app5.2c-01.pdf
app5.2d-01.pdf
app5.2d-02.pdf
app5.2d-03.pdf
app5.2d-04.pdf
app5.2d-05.pdf
app5.2e-01.pdf
app5.2e-02.pdf
app5.2e-03.pdf
app5.2e-03.pdf
app5.2e-04.pdf
app5.2e-05.pdf
app5.2e-06.pdf
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Application of the Gas Chromatography-Fatty Acid Methy Ester System for the 
Identification of Environmental and Clinical Isolates of the Family Micrococcaceae - 
S. M. Pendergrass and P. A. Jensen [Aug. 1998] 
 
ASTM Standards for Lead Paint Abatement and Mitigation of Lead Hazards - K. 
Ashley [1996] 
 
ASTM Standards for Monitoring Chemical Hazards in the Workplace - K. Ashley 
and M. Harper [2004] 
 
Chemical Sampling - E. R. Kennedy [2005]. Analytical Performance Criteria ASTM 
International Standards for Monitoring Chemical Hazards in Workplaces - K. Ashley 
and M. Harper [2005] 
 
Chlorinated and organonitrogen herbicides (hand wash) 9200 OSHA:  Datachem 
[1998], also 9201  [2004]  (NIOSH Manual of Analytical Methods (NMAM), Fourth 
Edition ). 
 
Detection and Characterization of Airborne Mycobacterium tuberculosis H37Ra 
Particles, A Surrogate for Airborne Pathogenic M. tuberculosis - M. P. Schafer, J. E. 
Fernback and M. K. Ernst [1999] 
 
Determination of Capsaicin and Dihydrocapsaicin in Air in a Pickle and Pepper 
processing Plant - S. P. Tucker [2001] 
 
Development of Sampling and Analytical Methods for Concerted Determination of 
Commonly Used Chloracetanilide, Chlorotriazine, and 2,4-D Herbicides in Hand 
Wash, Dermal Patch and Air Samples. - S. P. Tucker, J. M. Reynolds, D. C. 
Wickman, C. J. Hines and J. B. Perkins [2001] 
 
Direct Detection of Histoplasma Capsulatum in Soil Suspensions by Two-Stage PCR 
- T. M. Reid and M. P. Schafer [1999] 
 
Evaulating a Spot Test for Detecting Air-borne Lead in the Workplace - K. Ashley 
and T. J. Fischbach [1996] 
 
Exposure Assessment Research at NIOSH - A Key to Improving Worker's Health - E. 
R. Kennedy [2001] 
 
Field Test of a Portable Method for the Determination of Hexavalent Chromium in 
Workplace Air - D. A. Marlow, J. Wang, T. J. Wise and K. Ashley [2000] 
 
Guidelines for the Evaluation of Direct Reading Monitors - E. R. Kennedy, M. L. 
Woebkenberg, R. Song, D. L. Bartley and P. C. Schlecht [2002] 
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Histoplasmosis Protecting Workers at Risk - S. W. Lenhart, M. P. Schafer, M. Singal 
and R. A. Hajjeh [1997] 
 
Interlaboratory and Intralaboratory Variabilites in the Environmental Lead 
Proficiency Analytical Testing (ELPAT) Program - P. C. Schlecht, R. Song, J. H. 
Groff, H. A. Feng and C. A. Esche [1997] 
 
International Standard Procedure for the Extraction of Metal Compounds Having 
Soluble Threshold Limit Values - K. Ashley [2001] 
 
Laboratory and Analytical Method Performance of Lead Measurements in Paint 
chips, Soils and Dusts - P. C. Schlecht, J. H. Groff, H. A. Feng and R. Song [1996] 
 
Laboratory Investigation of the Mass Stability of Sampling Cassettes from Inhalable 
Aerosol Samplers - J. P. Smith, D. L. Bartley and E. R. Kennedy [1998] 
 
NIOSH Analytical Methods -Evaluation and Validation - K. Ashley and E. R. 
Kennedy [2004] 
 
NIOSH Publication No. 2004-146, Worker Health Chartbook 2004 Chapter 3; Focus 
on Agriculture [Sestito and Lunsford collaborated on document] 
 
NMAM 2nd supplement Alachlor in Air, 5603,  Bioaerosol Sampling, 0800. 
[http://www.cdc.gov/niosh/nmam/nmam2sup.html]. 
 
Performance Criteria and Characteristics of Field Screening Test Methods - K. 
Ashley, R. Song and P. C. Schlecht [2002] 
 
Performance Criteria and Characteristics of Field Screening Test Methods - R. Song, 
P. C. Schlecht and K. Ashley [1998] 
 
Performance of Laboratories Analyzing Organic Solvents in the Proficiency 
Analytical Testing Program - S. A. Shulman, J. H. Groff, P. C. Schlecht and D. 
Xue[1996]  
 
Protecting Workers Exposed to Lead-Based Paint Hazards - K. Ashley, G. Burr, J. 
Gittleman, L. Mickelsen, H. Nagy, G. Piacitelli, R. Roscoe, A. Sussel and E. Whelan 
[1998] 
 
Sampling and Analytical Method Development for Qualitative Assessment of 
Airborne Mycobacterial Species of the Mycobacterium Tuberculosis Comples - M. P. 
Schafer, J. E. Fernback and P. A. Jensen [1998] 
 
Sampling Environmental Media ASTM STP 1282 - K. Ashley, P. C. Schlecht, R. 
Song, H. A. Feng, G. Dewalt and M.E. McKnight [1996] 
 

http://www.cdc.gov/niosh/nmam/nmam2sup.html
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Survey of Anlytical Methods - P. C. Schlecht and M. E. Cassinelli [1997] 
 
Survey of Analytical Methods: Part II - P. C. Schlecht and M. E. Cassinelli [1997] 
Ultrasonic extraction and portable anodic stripping voltammetric measurement of 
lead in paint, dust wipes, soil, and air: An interlaboratory evaluation - K. Ashley, R. 
Song, C. A. Esche, P. C. Schlecht, Baron PA and T. J. Wise [1999] 
 
Uniformity Test of Bias When the Reference Value Contains Experimental Error - R. 
Song, E. R. Kennedy and D. L. Bartley [2001] 
 
Workplace Monitoring for Volatile Organic Compounds Using Thermal-Desorption-
Gas-Chromatography-Mass Spectrometry - A. A. Grote and E. R. Kennedy [2002] 

Book Chapters 
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